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An appara tus  fo r  m e a s u r i n g  the blood p r e s s u r e  in chronic  expe r imen t s  is descr ibed .  It con- 
s i s t s  of an implantable  b l o o d - p r e s s u r e  t r ansduce r  placed on the vesse l  without dis turbing 
the integr i ty  of its wall, a s tabi l ized ac genera tor ,  a se l f - s tab i l i z ing  ampl i f ier ,  de tec tor ,  load 
r e s i s t o r ,  and r e c o r d e r .  Tes t s  of an exper imenta l  model of the implantable  t r ansduce r  on 
an imals  we re  successfu l .  

An apparatus  for  the b loodless  m e a s u r e m e n t  of blood p r e s s u r e  in ve s se l s  dur ing chronic  expe r imen t s  
and consis t ing of an implantable  t r ansduce r  of the blood p r e s s u r e ,  p laced on a ves se l  without d is turbing the 
in tegr i ty  of i ts  wall,  a s tabi l ized,  t r ans i t o r i zed  ac gene ra to r  (frequency 10 kHz), a se l f - s tab i l i z ing  ampl i -  
f ier ,  de tec tor ,  load r e s i s t o r ,  and r e c o r d e r ,  is descr ibed .  To m e a s u r e  the blood p r e s s u r e  in the ve s se l s  it 
is c u s t o m a r y  to use  t r a n s d u c e r s  of va r ious  types inser ted  into the i r  lumen. The chief  d isadvantages  of 
these  methods  a r e  d i s tu rbances  of the c i rcula t ion  and the inevitable damage  to the ves se l  wall, leading to 
th rombos i s ,  thus in te r fe r ing  with the course  of long exper iments .  

The minia ture  implantable  b l o o d - p r e s s u r e  t r a n s d u c e r  developed by  the w r i t e r s *  can be used  on intact  
v e s s e l s  of d i f ferent  ca l ibe r  without d is turbing the integr i ty  of the ves se l  wall. This  means  that  exper iments  
can be  c a r r i e d  out over  pe r iods  of many  days  with continuous record ing  of the blood p r e s s u r e .  The sens i -  
t ive e lement  of the b l o o d - p r e s s u r e  t r ansduce r  cons is t s  of a he rme t i ca l ly  sea led  dif ferent ia l  t r a n s f o r m e r -  
coupled t r ansduce r  of d i sp lacements  of solenoid type with spr ing- loaded  plunger ,  the body of which on the 
shaft  side is fitted with a cyl indrical  col lar  with two grooves,  bu lb-shaped  in c r o s s - s e c t i o n ,  a c r o s s  its d i am-  
e t e r  and a threaded plug while the working sur face  of the plunger  is a c i r cu l a r  a rea ,  pe rpend icu la r  to the 
above-ment ioned  d i ame te r ,  and sepa ra ted  f rom the medium by  a thin e ]as t ic  m e m b r a n e .  The p r i m a r y  wind- 
ing of the senso r  e lement  is an osci l la t ing e lec t r i ca l  c i rcui t  tuned to the f requency of the ac genera tor  p r o -  
viding the power.  

The general  appearance  of the t r ansduce r  in a s s emb ly  is shown in Fig. 1A, the components  of the s y s -  
t em in the o rder  of the i r  a r r a n g e m e n t  in Fig. 1B, and the bas ic  e lec t r i ca l  c i rcu i t  in Fig. 1C. The implantable  
b l o o d - p r e s s u r e  t r a n s d u c e r  is cyl indr ica l  in shape (Fig. 1A), he rme t i ca l l y  sealed,  and fit ted with a f lexible 
mul t i s t randed  thin cable  2, ending in the plug 3. The t r ansduce r  ~B) cons is t s  of a cyl indr ical  coil 4 with two 
equal sec t ions  5 for the windings and an inner hole 6 for the shaft  7 of the plunger  of the different ial  t r a n s -  
f o r m e r - c o u p l e d  t r ansduce r  of d i sp lacements  of solenoid type. The shaft  7 is fixed to the plunger  8, the 
working sur face  of which is c i r cu la r .  The spr ing 9 counterac ts  the p r e s s u r e  of the vesse l .  The case  10 is 
made  of s ta in less  s tee l ,  and at its thin end 11 an elast ic  m e m b r a n e  12 is fitted to make  an air t ight  joint. 
The case  10 is fi t ted with a cyl indr ical  co l la r  13 on the side of the plunger  8, with two gaps 14 made along 
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Fig. 1. Implanted blood p r e s s u r e  t r ansduce r :  A) general  appearance  
of t r a n s d u c e r :  1) cyl indr ica l  blood p r e s s u r e  t r ansduce r ;  2) f lexible 
mul t i s t r anded  thin cable;  3) plug. B) Diagram of a s s e m b l y  of t r ansdu-  
c e r :  4) cyl indr ica l  coil;  5) two sect ions  for  windings; 6) in ternal  hole 
in coil for  p lunger  shaft ;  7) p lunger  shaft  (of d i f ferent ia l  t r a n s f o r m e r -  
coupled t r ansduce r  of d i sp l acemen t s  of solenoid type); 8) plunger;  9) 
spr ing  (counteract ing p r e s s u r e  of blood vesse l  wall); 10) case  of t r a n s -  
ducer ;  11) thin end of t r ansduce r ;  12) e las t ic  m e m b r a n e ;  13) cyl indr ica l  
co l la r ;  14) grooves ;  15) th readed  plug; 16) lugs in case  and in walls of 
col lar .  C) Basic  e l ec t r i ca l  c i rcu i t  of appara tus  for  m e a s u r i n g  blood 
p r e s s u r e :  17) s tab i l ized  ac gene ra to r  (YuKGTs); 18) p r i m a r y  winding; 
19) capac i to r ;  20) s econda ry  windings of coil 5; 21) po ten t iomete r ;  22) 
se l f - s t ab i l i z ing  ampl i f i e r ;  23) de tec tor ;  24) load r e s i s t o r ;  25) sou rce  
of ca l ibra t ion  voltage.  Rema inde r  of explanation intext .  

Fig. 2. Readings of m i c r o a m m e t e r  (abscissa)  connected with implanted 
t r a n s d u c e r  p laced on blood ves se l ,  as a function of readings  of m e r c u r y  
m a n o m e t e r  (ordinate) connected to the s a m e  vesse l .  

the d i a m e t e r  of the col lar ,  and bu lb -shaped  in section,  and a lso  with a threaded plug 15. To secu re  the ap- 
pa ra tu s  to the t i s sues  holes  (or lugs) 16 a re  provided  in the case  10 and in the walls  of the co l la r  13. 

This  appara tus  is used as follows. The plug 15 is  unsc rewed  f r o m  the col lar  13, and th reads  for  
secur ing  the t r a n s d u c e r  to the t i s sues  of the expe r imen ta l  animal  a r e  introduced into the holes  16. The 
r equ i red  blood ve s s e l  is exposed and by  gentle t r ac t ion  it is introduced into the g rooves  14 as fa r  as the i r  
expanded par t ,  the bu lb- l ike  shape of which p reven t s  the vesse l  f r o m  slipping out. Once the appara tus  is 
fixed in posit ion in the t i s sues ,  i t  is s ecu red  as r equ i red  and the plug 15 is s c rewed  in until it p r e s s e s  the 
vesse l  gently against  the m e m b r a n e  12, against  the other  side of which the shaft  7 of the plunger  8 is p r e s s e d  by the 
spr ing 9. The e able 2 is laid beneath  the skin, and the plug 3 is s ecured  in a spec ial p las t ic  f is tula  tube to the skin. 
The p r e s s u r e  is t r ansmi t t ed  f rom the wall of the blood ves se l  to the shaft  7 of the plunger,  and by  i ts  m o v e -  
men t  within the hole 6 it changes the induction coupling between the p r i m a r y  (18) and seconda ry  (20) windings, 
wound s imul taneous ly  and together  (like a b i f i l a r  winding) on the coil 4 in the sect ion 5. Since the p r i m a r y  
winding 18 is tuned by  means  of the capac i to r  19 in resonance  with the f requency  of the genera to r  17, v e r y  
l i t t le  power  (less than 10 #W) is r equ i r ed  to work  the t r ansduce r ,  thus rul ing out the poss ib i l i ty  of thermal~ 
mechanica l ,  or  e l ec t romagne t i c  back -e f f ec t s  of the t r a n s d u c e r  on the expe r imen ta l  animal.  
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The vol tage f r o m  the diagonal of a br idge  fo rmed  in s e r i e s  and in phase  with the connected secondary  
windings 20 and the po ten t iomete r  21 is amplified by the se l f - s t ab i l i z ing  ampl i f ie r  22, rect i f ied,  and smoothed 
by  the de tec to r  23, a f te r  which it is  compared  on the load r e s i s t o r  24 with the source  of the ca l ibra t ion vol t -  
age 25. Display, warning, or  r eco rd ing  ins t ruments  m'e connected to the output t e r m i n a l s  28. 

The expe r imen ta l  model  had the following bas ic  p a r a m e t e r s :  

Diamete r  (in ram) 
Height (i~ mm) 
Force  of spr ing  plus d i sp lacement  (in g /mm)  
Convers ion fac tor  (with amplif ier)  (in p A/p)  
Output r e s i s t a n c e  (in ~) 
Drift - s y m m e t r i c a l  

10 
16 

6 
2 

150 
~1% 

T e s t s  of the expe r imen ta l  model  of the implantable  blood p r e s s u r e  t r ansduce r  on five cats ,  six rabbi t s ,  
and one dog in acute and chronic  expe r imen t s  were  successfu l .  The implantable  t r ansduce r  was graduated 
aga ins t  a m e r c u r y  m a n o m e t e r  and, within the range  of p r e s s u r e  f rom 40 to 150 m m  Hgused ,  a l inear  r e l a -  
t ionship was found between the readings  of the seconda ry  (recording) ins t rument  and the readings  of the 
m e r c u r y  m a n o m e t e r  (Fig. 2). It  was shown that the pulse p r e s s u r e  could be  r eco rded  on a type ]~PP-09-M3 
automat ic  r e c o r d e r  for  s eve ra l  days  a f te r  implantat ion of the t r ansducer .  
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