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A method of a s se s s ing  the volume elast ic i ty ,  the pe r iphe ra l  res i s tance ,  and the s t roke volume 
of the vent r ic le  f rom the shape of the curve  of i n t r avascu la r  p r e s s u r e  is suggested using the 
pulmonary  a r t e r y  as an example.  

There  a re  two main approaches  to the determinat ion of the volume e las t ic i ty  of blood vesse l s .  The 
f i r s t  is based  on p r e l i m i n a r y  de terminat ion  of the minute volume,  for  example  by the d i rec t  Fick method 
[3] and the second is  based  on measur ing  the t ime  requ i red  for  the pulse waves  to spread  f rom one pa r t  of 
the vascu l a r  sys tem to another  [4]. 

The w r i t e r s  p ropose  a method of calculating the p a r a m e t e r s  of the pulmonary  circulat ion f rom the 
shape of the curve  of p r e s s u r e  within the pu lmonary  a r t e ry .  In fact  it combines  the two approaches  and it 
gives the opportunity of de termining the s t roke  volume of the right ventr ic le .  This is because  the rat io  
between the effect ive length of the pulmonary  v a s c u l a r  sy s t em and its  effective c ross  sect ion shows litt le 
var ia t ion  not only under no rma l  conditions, but in seve ra l  pathological  s tates .  

E X P E R I M E N T A L  M E T H O D  

Curves  of the p r e s s u r e  in the t runk of the pu lmonary  a r t e r y  were  r eco rded  during holding the b rea th  
at expira t ion in the course  of  t r ansvenous  catheter izat ion of the hear t ,  on a minograph-42B (E lema-  
SchSnander, Switzerland) appara tus .  The tape-winding mechan i sm moved at speeds  of 25,50, and 100 m m / s e c .  

The volume e las t ic i ty  (K) is defined as AP/AV,  where  AV is  the change in volume and AP the change 
in p r e s s u r e  within the vesse l .  

Rashevski i  [2] showed that an approx imate  es t imate  of the volume e las t ic i ty  can be obtained by the 
equation 

K T~ P~ In ~ ,  (1) 

where  P1 and P2 a re  the p r e s s u r e s  in the pulmonary  a r t e r y  at the beginning and end of diastole  respec t ive ly  
(in m m  Hg); T d the duration of diastole  (in sec); and R the pe r iphe ra l  r e s i s t ance  (in dynes, sec" cm-5). An 
al ternat ive  equation for  calculat ing K, requi r ing  calculat ion of the a r e a  under the sys to l ic  and diastol ic  
por t ions  of the curve,  will be found in Guyton 's  book [1]. 

According to the theory of sp read  of the pulse waves ,  the volume e las t ic i ty  [4] can be es t imated  by 
the express ion:  
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T A B L E  i .  R e s u l t s  of  C a l c u l a t i o n  of  P a r a m e t e r s  of  the  P u l m o n a r y  
A r t e r y  and Minute  V o l u m e  fo r  26 P a t i e n t s  wi th  V a r i o u s  H e a r t  D e f e c t s  

SerialNo. '~ ~ ~'~ = ~ AQ o ~ l(in liters 
=.~, /rain) 

t 
1 4 
2 4,2 
3 4,2 
4 4,6 
5 4,7 
6 4,7 
7 4,8 
8 5,0 
9 5,0 

10 5,4 
ll 5,4 
12 5,3 
13 5,5 

v Serial 
No, 

3,9 
4,6 
4,0 
4,8 
4,4 
5,3 
5,5 
4,6 
4,5 
5,3 
4,9 

0,1 
--0,4 

0,2 
--0,2 

0,3 
--0,6 
--0,7 

0,4 
0,5 
0,1 
0,5 

--0,5 
0,5 

2,5 14 
9,6 15 
4,8 16 
4,3 17 
6,4 18 

13,0 19 
14,0 20 
8,0 21 

10,0 22 
1,9 23 
9,3 24 
9,5 25 
9,1 26 

,.Q ~ O  

5,5 
5,5 
6,4 
6,7 
6,8 
7,8 
8,1 
8,7 
9,7 
9,7 

12,2 
16,0 
20,0 

5,5 
4,9 
6,5 
6,9 
7,8 
6,2 
8,5 
8,4 

10,2 
11,2 
12,6 
18,0 
17,8 

aQ 

( in liters 
/min) 

0 
0,6 

--0,1 
--0,2 
--1,0 

1,6 
--0,4 

0,3 
--0,5 
--1,5 
--0,4 
--2 ,o 

2,2 

0 
11,0 
1,6 
3,0 

14,6 
20,0 
5,0 
3,5 
5,2 

15,0 
3,3 

12,5 
11,0 

F ig .  1. D e t e r m i n a t i o n  of i n i t i a l p a r a m -  
e t e r s  for  c a l c u l a t i n g  s t r o k e  v o l u m e  
f r o m  the  shape  of  t he  c u r v e  of  p u l -  
m o n a r y  a r t e r i a l  p r e s s u r e  ( e x p l a n a -  
t ion  in tex t ) .  

~ - ~ 8  "~ K , (2 )  

w h e r e  v i s  the r a t e  of s p r e a d  of the  p u l s e  w a v e s  in the v e s s e l  
(in c m / s e c ) ,  p the d e n s i t y  of  b lood  (in dynes"  s e c  2. c m  -4) ; I the  
e f f ec t ive  l eng th  of the  v a s c u l a r  s y s t e m  (cm); and S the e f f ec t ive  
c r o s s - s e c t i o n  of  the  v a s c u l a r  s y s t e m  (in cm2). 

A s s u m i n g  tha t  a s  a r e s u l t  of the  s p r e a d  of  the p u l s e  wave  
a long  the v e s s e l  a r e f l e c t e d  wave  i s  f o r m e d ,  mov ing  f r o m  the  
p e r i p h e r y  t o w a r d  the  c e n t e r  ( toward  the he a r t ) ,  and  tha t  the 
p e r i o d i c  o s c i l l a t i o n s  t h e r e b y  p r o d u c e d  a r e  o b s e r v e d  on the  d i a -  
s t o l i c  p a r t  of  the c u r v e  of  p r e s s u r e  r e c o r d e d  in the p u l m o n a r y  
a r t e r y ,  the  p e r i o d  T of t h e s e  o s c i l l a t i o n s  w i l l  be  2l/v. Subs t i -  
tu t ing  the  v a l u e  of v f r o m  Eq. (2) in th i s  f o r m u l a ,  we  ob ta in  

- - l  1 . ( 3 )  V : 2  V P  - ~  ' -K- 

The  p e r i o d  T i s  the  t i m e  of  one o s c i l l a t i o n .  It i s  de f ined  a s  the d i s t a n c e  b e t w e e n  c o r r e s p o n d i n g  po in t s  
of  two s u c c e s s i v e  o s c i l l a t i o n s  o n t h e  d i a s t o l i c  p a r t  of the cu rve .  F o r  e x a m p l e ,  i t  can  be  m e a s u r e d  a s  the 
d i s t a n c e  b e t w e e n  the i n i t i a l  p o i n t s  of  two s u c c e s s i v e  r e f l e c t e d  w a v e s  (Fig .  1). 

It w i l l  be  no ted  tha t  v a l u e s  of  the p r e s s u r e  at  any m o m e n t s  of d i a s t o l e ,  s e p a r a t e d  by t i m e  nT, can  be  
u s e d  in  Eq. (1) a s  P1 and 1~ 2. U n d e r  t h e s e  c i r c u m s t a n c e s ,  T d m u s t  be  t aken  a s  equa l  to nT. 

By m e a n s  of  the equa t ion  g iven  above,  the  p a r a m e t e r s  of the v e s s e l  (p l~ S, R, and K) could  be  d e t e r -  
m i n e d  i f  the  minu te  v o l u m e  w a s  known. 

Knowing the  minu t e  v o l u m e  Q, c a l c u l a t e d  b y  F i c k ' s  method ,  and a l so ,  consequen t ly ,  the  p e r i p h e r a l  
r e s i s t a n c e  R = P p a / Q  "80, the  v o l u m e  e l a s t i c i t y  w a s  c a l c u l a t e d  by  R a s h e v s k i i ' s  Eq. (1) and  the va lue  of  
p x l / S  w a s  d e t e r m i n e d  by  Eq. (3). The r e s u l t s  showed that ,  un l ike  the v a l u e s  of  R and K, the v a l u e  of 
p x l / S  v a r i e s  neg l ig ib ly .  Th i s  fac t  can  be  u s e d  to s o l v e  the  c o n v e r s e  p r o b l e m ,  i . e . ,  to c a l c u l a t e  the  minu t e  
v o l u m e ,  p e r i p h e r a l  r e s i s t a n c e ,  and  v o l u m e  e l a s t i c i t y  f r o m  the c u r v e  of  i n t r a v a s c u l a r  p r e s s u r e .  

We ob t a in  f r o m  Eq. (3) 

l 
K-- 4p-~- 

72 (4) 
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From Eq. (1) we obtain 

K" Td R= p-------~ 
In p--~ 

In that case, using Eqs. (4) and (5), we obtain 

Q= - ~ . 8 0  = 

Pl 
80.Ppa T21n~'~ 

l 
4Tdp T 

Substituting p x l /S  =const,  it is possible to calculate pa r ame te r s  of the vesse l  and the minute 
volume from Eqs. (4), (5), and (6). 

(5) 

(6) 

E X P E R I M E N T A L  R E S U L T S  

The pa rame te r s  of the pulmonary circulation were calculated for 32 persons  aged f rom 6 to 43 years ,  
with functional m urmur s  and var ious  defects of the heart.  The systolic p r e s s u r e  in the pulmonary a r t e ry  
var ied from 22 to 120 mm Hg. P re l imina ry  resul ts  showed that the rat io p x l /S  was constant in every 
case unless marked pulmonary hypertension was present .  In 26 patients with a p r e s s u r e  of not more than 
100 mm Hg in the pulmonary ar tery ,  the ratio p x 1/S var ied  f rom 1.78 to 2.2, with a mean value of 1.95. 
In the presence  of marked pulmonary hypertension the mean value of p x l /S  was increased  to 3.1 and 
varied from 2.2 to 4.5. This increase  in the ratio may be an indication of considerable s t ructura l  changes 
in the pulmonary vascu la r  system. 

The resul ts  of calculation of the minute volume in the pulmonary circulation in 26 patients using 
Eq. (6), for a value of p x l /S  = 1.95 are  given in Table 1. In the last two columns of the table the abso- 
lute value of AQ and the relative deviation of the calculated values f rom those obtained for the same patients 
by F ick ' s  direct  method (/AQ/) Q are given. Clearly the relative e r r o r  l ies mainly within the l imits  of e r r o r  
of F ick ' s  method. This means that the stroke volume can be determined f rom the shape of the curve of 
p r e s s u r e  in the great  vesse l s  not only under normal  conditions but also in cer tain pathological states un- 
accompanied by severe  lesions of the blood vessels .  

i. 

2. 

3. 

4. 
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