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To r eco rd  the rate of change of the p re s su re  in the chambers  of the hear t  requires  mano-  
me t r i c  sys tems  with a uniform frequency cha rac te r i s t i c  curve in the region of re la t ively 
high frequencies .  The best resul ts  can be obtained by the use of in t racavi ta ry  p res su re  
t r ansduce r s ,  not requir ing the use of ca the ters .  This paper  descr ibes  the design of a 
miniature in t racav i ta ry  p res su re  t r ansduce r  operat ing like a s t ra in  gauge. If used in con-  
junction with a t ensomet r ie  amplif ier  and loop osci l lograph a uniform frequency cha rac -  
t e r i s t i c  curve can be obtained up to 800 Hz. 
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The value of the f irst  derivative of the in t ravent r icu lar  p re s su re  as an index of the inotropic state 
of the myocard ium is based on a se r ies  of investigations [1, 3, 7-10]. 

In o rde r  to differentiate the p res su re  curve in the ventr ic les  of the heart ,  an e lec t romanomet r ic  s y s -  
tem with a uniform frequency charac te r i s t i c  curve over  a wide range of values is neces sa ry  [4]. 

In modern  manomet r ic  sys tems ,  in which external  p r e s s u r e  gauges are most  frequently used, the 
grea tes t  f requency distort ions are due to the use of ca theters  to provide the hydraulic connection between 
the cavit ies of the ventr ic les  and the working chamber  of the t r ansduce r  of the e lec t romanomete r .  Even 
a compara t ive ly  short  ca theter  (length 10-12 cm, internal d iameter  1 mm) ser ious ly  impairs  the dynamic 
p roper t i e s  of the manomet r ic  sys tem and limits its frequency range to 8-10 Hz [6]. A second ser ious de-  
fect of a sys tem with an external  p re s su re  t r ansduce r  is the formation of ar tefacts  due to movement  of 
the ca the ter  during the contract ions of the heart .  These relat ively high-frequency oscil lat ions (of the o rde r  
of 40-70 gz) are amplified sharply on differentiation of the p res su re  curve.  To reduce this interference 
f i l ters  with a low cut-off  frequency (15 Hz or  more  [517 are used, but this r e s t r i c t s  the potential usabil i ty 
of the method. Reliable data on the maximal  rate of r ise  of the p res su re  inside the ventr ic les  (dp/dt max7 
can therefore  be obtained e i ther  by record ing  the in t ravent r icu lar  p re s su re  by an external  t r ansduce r  
through wide and ve ry  short  ca theters ,  so that thoracotomy is essent ia l  [3], or  by the use of in t racardiac  
p re s su re  t r ansduce r s  [4, 7]. 

The authors have developed a design for a miniature in t racardiac  p ressu re  t ransducer ,  operat ing 
on the s t ra in  gauge principle,  and with a uniform frequency charac te r i s t i c  curve up to 800 Hz (Fig. 17. The 
body of the in t racard iac  p res su re  t r ansduce r  consis ts  of the base 1 and the cap 2, f i rmly pressed  toget-  
her  during assembly.  A window 4 is cut out of the cap, and the free curved end of the working disc 3, con-  
nected to the surface of the body, reaches  up to it. The second end of the working disc is fixed concen-  
t r ica l ly  in the base of the body 9 by means of epoxy resin.  Two strain r e s i s to r s  5 are glued to the working 
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Fig. 1. Longitudinal section through head of in t raeavi ta ry  p r e s -  
sure  t r ansduce r  (explanation in text).  

Fig. 2. Curves of p r e s su re  (2) and its f i rs t  derivative (1) in left 
vent r ic le .  A) Recording obtained with ca theter  and external  p r e s -  
sure  t r a n s d u c e r  of the EM-2-01 e l ec t romanomete r ;  B, C) r ecords  
obtained with the miniature  in t racav i ta ry  p res su re  t ransducer :  B) 
control ,  C) response to in t r acoronary  injection of 5 #g noradren-  
alin. The increase  in the maximal  rate of r ise  of p re s su re  (C) r e -  
fleets the positive inotropic effect of catecholamines .  Curve 3 in 
B and C shows p r e s s u r e  inside the aor ta .  

disc,  and the leads from them are brought out through the back of the body and contained in the flexible 
plast ic  tube 6. The base and cap of the body of the t r ansduce r  are made of b rass  and the working plate 3 
is made of sheet spring steel  0.12 mm thick. The t r ansduce r  is sealed to exclude blood by means of a 
thin latex sheath 7 wrapped over  the body of  the ins t rument .  

A change in blood p res su re  is detected by the curved end of the working disc, deforming it and lead-  
ing a change in res i s tance  of the s t ra in  r e s i s t o r s  fixed to it. The changes thus produced in the s t r e ss  are 
t ransmi t ted  to the input of the t ensomet r i e  ampl i f ier .  

A defect of t r ansduce r s  mounted on the end of a ca theter  is the diff iculty of monitor ing the absolute 
p r e s su re  in the course  of the exper iment .  This drawback is overcome by record ing  the in t ravent r icu lar  
p r e s s u r e  s imul taneously  by means of an external  p r e s su re  t r ansduce r  through a catheter ,  the metal  tip 
of which is mounted in the base of the body 8. The absolute p ressu re  is monitored periodical ly in the 
course  of the exper iment .  

The f requency cha rac te r i s t i c  curve of the t r ansduce r  is l inear  between 0 and 800 Hz. The resonance 
frequency is 1100 Hz. Amplitude dis tor t ions  within the p res su re  range from 0 to 300 mm Hg do not exceed 
3%. 

The apparatus  for record ing  the f i rs t  derivative of the in t raventr ieular  p re s su re  consis ts  of a p r e s -  
su re t ransducer ,  a type TA-5 t ensomet r i c  amplif ier ,  a different iator  designed previously  [2], and a type 
N-700 loop osci l lograph.  
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The absence  of  f i l t e r s  in the r eco rd ing  s y s t e m  makes  it poss ib le  to obtain an undamped in t r aven-  
t r i c u l a r  p r e s s u r e  curve ,  which gives the m o s t  re l iable  r ep re sen t a t i on  of the value of dp/dt  and its changes.  

The s i ze  of the t r a n s d u c e r  (length 25 m m ,  m a x i m a l  d i a m e t e r  3 ram) is such that  it can be used  in 
e x p e r i m e n t s  on dogs.  

An example  of a r eco rd ing  of the p r e s s u r e  inside the left  ven t r i c le  made with the i n t r aeav i t a ry  p r e s -  
sure  t r a n s d u c e r  is given in Fig. 2 (B, C). The t r a n s d u c e r  was introduced in the r e t rog rade  di rec t ion into 
the left ven t r i c le  through an incision in the co rona ry  a r t e r y .  The p r e s s u r e  in the left  vent r ic le  was ca l -  
ib ra ted  f rom a zero  line obtained by means  of the contro l  m a n o m e t e r .  The di f ferent ia l  s ignal  was ca l i -  
b r a t ed  by feeding a t r apezo ida l  s ignal  with known ampli tude and known r i se  t ime  of its leading edge into 
the input of the d i f fe ren t ia tor .  

F o r  compar i son  a record ing  of the i n t r aven t r i cu l a r  p r e s s u r e  and i ts  f i r s t  der iva t ive  obtained with 
the s ame  (undamped) record ing  sys t em,  but by the use  of a ca the te r  and an ex te rna l  p r e s s u r e  t r a n s d u c e r  
of the t~M-2-01 type,  is given in Fig. 2A. Ar te fac t s  due to movemen t  of the ca the te r  can be c l ea r l y  seen.  
The m a x i m a l  value of the f i r s t  der iva t ive  was de te rmined  in this  case  as the sum of the i n t r aven t r i cu l a r  
p r e s s u r e  cu rves  and the a r t e f a c t s .  
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