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Measurement  of the f i r s t  and second derivat ives  of the in t ravent r icu lar  p r e s su re  is of par t icu lar  
in te res t  in cardiology because,  as some authors  have descr ibed,  it enables the contract i le  function of the 
myocard ium to be a s sessed  in the various phases of the cardiac  cycle [1-7]. 

The method of obtaining der ivat ives  by construct ing tangents is associa ted  with difficulties and with 
considerable  e r r o r  of measu remen t s .  The wiser  application of automatic differentiation is prevented by 
the low level of noise suppress ion  of exist ing ins t ruments ,  and by absence of rel iable,  o r  indeed of any, 
methods of calibrat ion.  A medical  different iator  must  be equipped with a device for suppress ing  noise of 
industr ial  f requency (50 cps) and of  its harmonics .  

In the type DIe-1 electronic different ia tor  which we used in this investigation incorporated  an act ive 
t r ans i s to r i zed  low-frequency f i l ter  with a cutoff frequency of 30 cps, reducing in ter ference  f rom the sup- 
ply sys tem by a fac tor  of at least  100, but giving minimal  distort ion of the shape of the useful signal. In 
this way high-quali ty t rac ings  could be obtained of the f i rs t  and second der ivat ives  of the in t ravent r icu lar  
p r e s su re  and of the ECG, r ega rd l e s s  of the intensity of  in ter ference  f rom the supply sys tem.  

For  quantitative analysis  of the resul t  of differentiation, a sinusoidal cal ibrat ion voltage genera tor  
was introduced into the c i rcui t  of the different iator ,  producing a voltage at the input of the different iator  
when in the .ca l ibra t ion  ~ position, expressed  by the equation: 

u0 (0 = U0c. si~ ~0t, (1) 

where U0c rep resen t s  the amplitude of the sinusoidal cal ibrat ion signal (V), and ~ its angular frequency.  

The f i r s t  and second der ivat ives  of the cal ibrat ion signal are  determined at the output of the r e c o r d -  
ing inst rument  by: 

u1 (0 = A1 ~ U0c cos c0t, (2) 

U~ (l) = Az. co ~. Uoc .sin cot, (3) 

where A 1 r ep resen t s  the constant coefficient of t r ansmiss ion  of the circui t  of the f i r s t  derivat ive (including 
the recording  instrument) ,  and A 2 rep resen t s  the same for  the second derivat ive.  

The amplitude values Ul(t ) and U2(t ) are  expressed  in vo l t s / sec  and vo l t s / sec  2 respect ively ,  and are  
given by: 

U~ = A~- L6c �9 o, (4) 

U2c = A~-Uoc" ~o~. (5) 

An advantage of the cal ibrat ion method descr ibed  is the high accu racy  of the measuremen t s  and the 
simplici ty of the ca l ibra tor  c i rcui t .  The accu racy  of cal ibrat ion is determined by the stability of the f r e -  
quency and amplitude of the cal ibrat ion voltage. 

At the end of calibrat ion,  instead of the cal ibrat ion signal the test  signal X(t) is fed into the input of 
the differentiator .  Its der ivat ives  a re  given by: 
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Fig. 1. Synchronized t r ac ing  of f i r s t  and second de r iva t ives  
of p r e s s u r e  inside the left  ven t r ic le  of a dog. 1) Second de-  
r iva t ive ;  2) f i r s t  der iva t ive ;  3) p r e s s u r e  within left  v e n t r i -  
cle;  4) ECG (lead ID ; 5) second der iva t ive  of ca l ibra t ion  s ig -  
nal; 6) f i r s t  der iva t ive  of ca l ib ra t ion  signal .  Calculat ions for  
complex  denoted by A in the text.  

II) 

Fig.  2. Dete rmina t ion  of r a t e  of i nc rea se  of p r e s s u r e  at point 
A of an a t r i a l  ex t r a sys to l e  by the method of drawing a tangent 
at this  point and by means  of automat ic  different iat ion.  
PA) p r e s s u r e  in aor ta ;  PLV) p r e s s u r e  in left  vent r ic le ;  point 
A1) max imal  veloci ty  of p r e s s u r e  i nc r ea se  cor responding  to 
point A on in t r aven t r i cu l a r  p r e s s u r e  curve .  

V~ (t) = A , .X "  (t), (6) 

V~ (t) = A2 .X"  (t), (7) 

where  X'(t) and X"(t) a r e  the requ i red  veloci ty  and acce l e ra t ion  of the different ia l  s ignal ,  Vi(t) and V2(t) 
r e p r e s e n t  the vol tages  (currents)  of the f i r s t  and second der iva t ives  of the t es t  signal in the record ing  
c i rcui t .  

Compar ing  Eqs.  4, 6 and 5, 7 in pa i r s ,  and e l iminat ing A 1 and A2, we obtain: 

x '  (t) = V.L(O .Uoc.,-o (v/sec), (8) 
UlC 

X" (t) = V ~ .  Uoc" co 2 (V /seJ) .  
~2C  

(9) 

To calculate  the veloci ty  and acce le ra t ion  of the in t r aven t r i cu la r  p r e s s u r e  in m m  Hg, the e l e c t r o m a n -  
o m e t e r  mus t  be ca l ib ra ted  before  the beginning of the exper imen t  by a stat ic  signal,  the voltage at the input 
of the d i f fe rent ia tor  being m e a s u r e d  s imul taneously .  

As a resul t ,  a co r r ec t i ng  coeff icient  B is  obtained, enabling values e x p r e s s e d  in V / s e e  to be con-  
ver ted  into value e x p r e s s e d  in m m  Hg / s ec .  
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The final equations for calculat ing the velocity and accelera t ion  of the p re s su re  change assume the 
form:  

V, (t) U, o X ' ( t )=  Ulc" 0c" .BmmHg/sec, (10) 

X" (t) = ~ . U 0 c ' 0 ) ' B  mm Hg/seJ.* (11) 
2C 

Let us consider  examples of determinat ion of the maximal  rate of increase  of p r e s su re  in the left 
ventricle of a dog. In the exper iments  f rom which the curves  shown in Fig. 1 were taken, V1Ama x = 8 ram, 
Ulc = 9 ram, VtAma x = 6.5 ram, U2c = 9 ram, w = 157/see,  and B = 2 mm Hg/mV. Caleulation by Eqs. (10) 
and (11) showed that the maximal  rate of r i se  of p r e s su re  in the left ventricle during normal  systole is 
1400 mm Hg/sec  and the maximal  acce lera t ion  is 178,000 mm Hg/sec  2. Graphic analysis  of the maximal  
velocity in this experiment was complicated by the fact that it was difficult to const ruct  a tangent on the 
curve of in t ravent r icular  p re s su re  accura te ly  at the point cor responding  to the maximum of AP/At.  

In another case at the onset  of an ext rasys to le ,  we were able to calculate the rate of r i se  of p re s su re  
both by means of an electronic different ia tor  and graphical ly  (Fig. 2). In this case  the value of the rate of 
inc rease  of p re s su re  at point A, calculated by the equation, was 982 mm Hg/sec  compared  with 946 mm 
Hg/sec  determined graphically.  

When calculating the rate  and acce lera t ion  of fall of p re s su re ,  the same equations can be used but 
with a minus sign. The maximal  negative velocity in Fig. 2 is X'  = -1220  m m  Hg/see ,  and the maximal 
negative acce lera t ion  X n = - 200,000 mm Hg/see  2. 

In experiments  on dogs with the chest  closed and under morphine-ure thane anesthesia  the values of 
the maximal ra te  of increase  of p r e s s u r e  were 1500-4000 mm Hg/sec ,  in agreement  with the data of 
Reeves and co -worke r s  (1960) [4]. The maximal  rate of fall of p r e s s u r e  varied within the same limits in 
different exper iments .  The maximal  positive and negative acce le ra t ion  in our exper iments  were  200,000 
and-350 ,000  m m  Hg/sec  2 respect ively .  

On compar ing  these indices with the phases of cardiac  activi ty it may be seen that the veloci ty  of 
p r e s su re  increase  reaches  a maximum at the beginning of the ejection period, while acce lera t ion  reaches  a 
maximum in the f i rs t  half  of the phase of i somet r ic  contract ion.  The fall of p r e s s u r e  reaches  its maxi-  
mum at the end of the ejection period.  Zero velocity of p r e s s u r e  change may evidently be used to mark  
the boundary between the phases of fast and slow ejection. 
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*Usually the values of Vt(t) , V2(t), Ulc , and U2c may be measured  in mm on the tape of the automatic r e c o r d e r .  
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