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P e r i p h e r a l  v a s c u l a r  r e s p o n s e s  in the o r i en t ing  r e f l e x  were  s tudied  by c o m p a r i n g  changes  in 
the  d ig i ta l  p l e t h y s m o g r a m  and in the  r h e o g r a p h i c  inflow index (RID, the va lue  of which was 
obta ined  by  s u m m a t i o n  of the ampl i tudes  of the  r h e o g r a p h l c  waves  (of ne ighbor ing  digi ts)  ove r  
a c e r t a i n  p e r i o d  of t i m e  ( m e a s u r e d  in minutes) .  The d e c r e a s e  in blood f i l l ing  in the o r i e n t -  
ing r e f l e x  may take  p l ace  through the p a r t i c i p a t i o n  of at l e a s t  two p r e d o m i n a n t  m e c h a n i s m s :  
a d e c r e a s e  in the inflow of a r t e r i a l  blood and an i n c r e a s e  in the venous  outflow. This  can 
be o b s e r v e d  in the s a m e  indiv idua l  dur ing  the s a m e  inves t iga t ion .  F a c t s  c h a r a c t e r i z i n g  the 
b e h a v i o r  of  the c e r e b r a l  v e s s e l s  (as shown by rheoencepha lography)  involved in the o r i e n t -  
ing r e f l e x  a r e  a lso  d e s c r i b e d .  These  d e m o n s t r a t e  that  i t  ha s  c e r t a i n  f e a t u r e s  in common  
with the p e r i p h e r a l  c i r cu l a t i on ,  but  a l so  f e a t u r e s  of independence .  

The c o m p a r a t i v e  s tudy of v a r i a t i o n s  in the vo lume of b lood conta ined  in an o rgan  and changes  in the 
shape and ampl i tude  of  f luc tua t ions  in i t s  pu l se  vo lume (pa ra l l e l  r e c o r d i n g  of the d ig i ta l  p l e t h y s m o g r a m  and 
rheogram)  have r e v e a l e d  no r e g u l a r  c o r r e l a t i o n s  be tween  these  ind ices .  Meanwhile ,  inves t iga t ion  of the 
v a s c u l a r  component  of the  o r i en t i ng  r e f l e x  in man has  d e m o n s t r a t e d  the p o s s i b i l i t y  of d ive rgen t  c h a n g e s  in 
both the  shape and the ampl i tude  of the  r h e o g r a p h i c  waves ,  while the genera l  p l e t h y s m o g r a p h i c  r e s p o n s e  is  
cons i s t en t ly  a d e c r e a s e  in the blood vo lume in the organ .  A n a l y s i s  of the shape of the r h e o g r a p h i c  curve ,  
when i n t e r p r e t e d  in the t r a d i t i o n a l  manne r  as  an ind ica t ion  of  changes  in " v a s c u l a r  tone" l eads  to no def ini te  
conc lus ions  r e g a r d i n g  the m e c h a n i s m  of the v a s c u l a r  r e s p o n s e  [3]. 

To obtain an a l t e rna t i ve  solut ion to th is  p r o b l e m ,  us ing  the s a m e  o b s e r v a t i o n s ,  the i n t eg ra l  a m p l i -  
tude c h a r a c t e r i s t i c  of the d ig i t a l  r h e o g r a m  was d e t e r m i n e d  and c o m p a r e d  with the p l e t h y s m o g r a m  of the 
ne ighbor ing  f inger .  The s a m e  c h a r a c t e r i s t i c  was a lso  obta ined for  the r h e o e n c e p h e l o g r a m  (REG), but  th is  
was not c o m p a r e d  with the cu rve  of to ta l  b lood f i l l ing.  An a n a l y s i s  of the da ta  is  d e s c r i b e d  below. 

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

The o b s e r v a t i o n s  were  made and d e s c r i b e d  p r e v i o u s l y  [3]. The ampl i tude  c h a r a c t e r i s t i c  ment ioned,  
the r h e o g r a p h i c  inflow index (RID, was obta ined  by  s u m m a t i o n  of the height  of the anac ro t i c  phase  of the 
r h e o g r a p h i c  waves  ove r  a c e r t a i n  t ime  i n t e r v a l  (ca lcu la ted  in minutes)  and it was e x p r e s s e d  in ohms by 
r e f e r e n c e  to the r h e o g r a p h i c  c a l i b r a t i o n  s ignal .  A s i m i l a r  method of ana lys i s  was p r o p o s e d  by Nyboer  [4] 
and the method used  in the p r e s e n t  inves t iga t ion  was  s i m i l a r  to that  u sed  by L u r ' e  [2], although he e s t i -  
mated  this  index  as  an index of  the blood flow. However ,  s ince  th is  index r e f l ec t s ,  in an i n t eg ra t ed  form,  
the i n c r e a s e  in vo lume dur ing  sys to le ,  when the inflow is  max ima l  and when i t s  e x c e s s  ove r  the venous 
outflow is  a lso  m a x i m a l ,  i t  i s  p r i m a r i l y  an index of the a r t e r i a l  inflow. 

The to ta l  blood f i l l ing  of  the b r a i n  was not  r e c o r d e d  in L u r ' e ' s  i nves t iga t ion  but only the REG. How- 
ever ,  by  c o m p a r i n g  f luc tua t ions  in the RII and changes  in the to ta l  vo lume of the organ ,  the extent  to which 

A c a d e m i c i a n  N. N. Burdenko Ins t i tu te  of N e u r o s u r g e r y ,  A c a d e m y  of Medica l  Sc iences  of the USSR. 
( P r e s e n t e d  by  A c a d e m i c i a n  of the A c a d e m y  of Medica l  Sc iences  of the USSR A. A. Vishnevski i ) .  T r a n s l a t e d  
f rom Byul le ten '  ]~kspe r imen t a l ' no i  Bio log i i  i Medi ts iny ,  Vol. 70, No. 12, pp. 15-18, D e c e m b e r ,  1970. O r i -  
ginal  a r t i c l e  submi t t ed  D e c e m b e r  29, 1969. 

© 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission o[ the publisher. A copy o[ this article is available from the publisher [or $15.00. 

1361 



a 

i 

oli 

1 i ' 

I ~ ! I I,' r ~ f i  L -  

i , 4~ , " t i  ! I 
I I I ! 1 1 1  i ;~, ! I ! i ~ ! ,  
I," I I I i i ~  i 
I ~ l i i i ~  i 

~ ! 1  I I I  I I I I 
2 i i I i I ' ' I I I ] I 

] !  

, o .  I I  J I 1  ! I ! ! ! ~ 
~ i i i  I 1  ~ i I I  I 

a~, I i i I I I i I I i I 

Fig. 1. Comparison of resu l t s  of plethysmographic  inves t iga-  
tion and graph of digital  rheogram (above) and REG (below) for  
a healthy woman aged 25 y e a r s :  a) response to f i r s t  p r e s e n t a -  
tion of st imulus; b) response  to second presenta t ion  of s t imu-  
lus. 1) Digital p le thysmogram; 2) respi ra t ion;  3) per iods  of 
p le thysmogram (I-X and I-XIII), each corresponding to data on 
the graph; 4) values of RII (in percent  of initial) based on digi -  
tal  rheogram;  6) mean amplitude of anacrotic phase of digital  
rheogram; 7) pulse;  8) values of RII (percentages of ini t ia l  
level) from REG; 5,9) cha rac t e r i s t i c  shape of pulse waves for 
pa r t i cu la r  period;  10) mean amplitude of anacrot ic  phase of 
REG. Scale shown on left. A. S. ) Acoustic stimulation. 

dynamic changes in the total blood fil l ing are determined by changes in inflow can be est imated.  The l a t t e r  
is a function, not only of the amplitude of the pulse waves, but also of the i r  frequency, as ref lected in the 
corresponding graph which shows the dynamics of changes in the hear t  ra te ,  in the mean amplitude of the 
pulse waves, and in the RII. The averaged amplitude calculated from the bas ic  rheogram,  taken before  
application of the st imulus,  was used as the unit of amplitude; changes in RII are  given as percentages  of the 
or iginal  values,  also calculated from the basic rheogram.  The shape of the rheographic  waves c ha r a c -  
t e r i s t i c  for the corresponding per iod is shown schemat ica l ly  above the graph. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Comparison of these graphs with the plethysmogram explains some aspects of the mechanism of 
changes in the blood filling of an organ and provides a more definite index of the types of vascular response 
to a given stimulus. This is clear from a comparison of the graphs (Fig. la, b) of two responses to acous- 
tic stimulation observed in a healthy woman in the course of one investigation. Analysis of the results of 
this observation, with comparison to morphology of the rheographic waves, was published previously [3]. 

If the "digital" graphs are compared with the corresponding plethysmograms, certain general factors 
in the responses to the first and second presentations of the acoustic stimulus will be observed: the origi- 
nal background in both cases is not completely "quiet." In response to the acoustic stimulus, in both cases 
the total blood filling of the finger is reduced; during acoustic stimulation the pulse rate changes slightly 
and definite changes occur in the mean amplitude of the rheographic waves, the factor determining the 
direction of the change in inflow during this period; in the first few seconds after application of the stimulus, 
there was a marked decrease in the pulse rate and some decrease in the rheographic Ln_flow index. During 
this period the total blood filling fell sharply, and at the lowest point of the plethysmographic response the 
pulse rate varied in a zigzag manner. Finally, there was a definite similarity with the dynamics of the 
mean amplitude of the REG, especially in the late stage of the response. 

A clear difference between responses to the first and second applications of the acoustic stimulus 
can be seen from the "digital" graphs so far as fluctuations in the RII are concerned: it fell sharply in the 
first case (with a corresponding decrease in the total blood filling in the plethysmogram), while in the 
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F i g .  2 .  C o m p a r i s o n  o f  g r a p h  b a s e d  
on r h e o g r a m  with digital  p l e t h y s m o -  
g r a m  of r ight  hand in  pat ient  aged 19 
yea r s  af ter  operat ion for i n ju ry  to 

second it  rose  s l ight ly and then fell sl ightly.  This d i f ference  b e -  
tween the RII dynamics  is  due to a di f ference in c h a r a c t e r  of the 
changes in ampli tude.  The ampli tude fell sharply  dur ing and 
af ter  the action of the f i r s t  s t imulus ,  while in r e sponse  to the 
second s t imulus  it  i n c r e a s e d  sl ightly and then f luctuated around 
i t s  in i t i a l  values .  

Probably ,  the dynamics  of changes in ampli tude in the 
cases  cons idered  re f lec t s  p r i m a r i l y  a change in the s tate  of the 
blood vesses l .  This  explanat ion is  supported by the fact that 
ampl i tude curves  in  the "digi tal"  and " c e r e b r a l "  graph diverged 
in  p laces  in the f i r s t  case ,  and were  complete ly  d i f ferent  in the 
second. At the same t ime,  the poss ib i l i ty  cannot be ru led  out 
that changes in the height of the pulse waves could also be a s so -  
ciated with f luctuat ions  in  the systol ic  output of the hear t ,  but  
the r e su l t s  of the p r e s e n t  inves t iga t ion  do not allow more  de-  
f inite conclus ions  to be drawn. 

Under  all  condi t ions  there  was no doubt that the dec rease  
in  a r t e r i a l  inflow differed in the two r e sponses  evoked by acous-  
t ic  s t imula t ion .  To judge f rom the shape of the rheographic  
waves (d is regard ing  the i r  amplitude),  in r e sponse  to the f i r s t  
s t imulus  i t  was combined with a dec rea se  in " a r t e r i a l  tone" 
(sharpening of the sys to l ic  wave, deepening of the d icro t ic  wave), 
while in r e sponse  to the second s t imulus  it  was combined with 
an i n c r e a s e  in tone (appearance of a p la teau at the apex of the 
anacro t ic  phase,  a dec rease  in the d icrot ic  wave and i ts  d i sp l ace -  
ment  upward), although in the las t  case the dec rease  in a r t e r i a l  
inflow was sma l l e r .  

The mos t  s t r ik ing  [ea ture  revea led  by compar i son  of these  
]eft b r ach i a l  plexus.  Legend as Fig. 1. 

two mani fes ta t ions  of the v a s c u l a r  r e sponse  to acoust ic  s t i m u l a -  
t ion is that although the a r t e r i a l  inflow fell much lower in the 

f i r s t  r esponse ,  neve r the l e s s  in  the second the in tegra l  p le thysmographic  effect was much more  marked.  
the dec rea se  in blood fi l l ing was much deeper  and developed more  rapid ly  than in the response  to the f i r s t  
s t imulus .  It follows that d i f ferent  m e c h a n i s m s  play the leading role  in the format ion  of a r e sponse  of a 
dec rease  in digital  blood f i l l ing to the f i r s t  and second p re sen t a t i ons  of the acoustic s t imulus .  In the f i r s t  
r e sponse  this  evident ly  took place p r inc ipa l ly  through a dec rease  in the inflow of a r t e r i a l  blood, while in 
the second case  it  was main ly  due to an i n c r e a s e  in the venous outflow (this is  the only poss ib le  explana-  
t ion of the grea t  depth of d e c r e a s e  of the total  blood f i l l ing with a compara t ive ly  smal l  dec rease  in the blood 
inflow). Changes in the venous outflow also c lea r ly  play an impor tan t  role  at the beginning of the second 
response ,  when the total  blood fi l l ing fell despi te  the high RII, and also at i ts  end, when the p l e thysmogram 
moved upward although the a r t e r i a l  inflow was reduced (Fig. lb ,  per iod  X). 

The effector  s t ruc tu re  of the pe r iphe ra l  v a s c u l a r  r e sponse  as a component  of the o r ien t ing  ref lex  thus 
differed c l ea r ly  in  the two examples  analyzed. 

It mus t  be noted that graphs  plotted f rom the REG showed a much c lose r  r e s e m b l a n c e  to each o ther  
than the "digital" graphs.  The i m p r e s s i o n  was obtained that the r e sponse  of the ce r eb ra l  v e s s e l s  th rough-  
out this inves t iga t ion  was more  stable.  The dynamics  of the changes in mean ampli tude of the pulse  waves 
of the REG differed from. the co r respond ing  dynamics  of the ampli tude of the digital  pulse volume,  e spec ia l ly  
in r e sponse  to the second s t imulus .  This indica tes  some degree  of autonomy in the regula t ion  of the c e r e -  
b r a l  c i rcula t ion .  At the same t ime,  the r e sponse  of the c e r e b r a l  ves se l s  to acoust ic  s t imula t ion  in both 
cases  was no less  prolonged than the re sponse  at the per iphery .  When the graph of the REG in this i n v e s t i -  
gation is  analyzed it cannot be compared  with the curve  of total  blood fi l l ing (as is  poss ib le  in the case of 
rheople thysmography [1], which was not used on this  occasion).  

The methods used to analyze the rheogram inconnec t ion  with the p l e thysmogram thus cons iderab ly  
extend the poss ib i l i ty  of a s s e s s i n g  the na tu re  of the v a s c u l a r  effect, but they do not overcome the p r ob l e m 
of the hmct iona l  ro le  of shape of the pulse  waves,  which was emphas ized  p rev ious ly  [3]. 
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The "d ig i t a l "  g raph  was obta ined  by inves t iga t ion  of  a pa t i en t  (a f te r  an ope ra t i on  on the b r a c h i a l  
p lexus)  with w e l l - m a r k e d  c a r d i o v a s c u l a r  l ab i l i t y :  i t  r e v e a l s  s h a r p  f luc tua t ions  in the f requency ,  vo lume,  
and shape of the pu l se  waves ,  while the p l e t h y s m o g r a m  is  c h a r a c t e r i z e d  by  l a r g e  t h i r d - o r d e r  waves.  Even 
aga ins t  the o r i g i n a l b a c k g r o u n d ,  the d y n a m i c s  of changes  in the a r t e r i a l  inflow (judged f rom the RID cannot  
exp la in  the d i r ec t i on  of the spontaneous  f luc tua t ions  in the  p l e t h y s m o g r a m  (Fig.  2, p e r i o d  D, and the p o s s i -  
b i l i t y  of c o n s i d e r a b l e  f luc tuat ions  in the venous  outflow is  sugges ted .  The r e s p o n s e  of a d e c r e a s e  in blood 
f i l l ing  to acous t ic  s t imu la t i on  is de layed  and it deve lops  at  the t ime  of e leva t ion  of the RII  a s  a r e s u l t  of 
a s h a r p  i n c r e a s e  in the  p u l s e  r a t e  (Fig. 2, p e r i o d  IV). The to ta l  d e c r e a s e  in vo lume of the o rgan  i s  un -  
ques t ionab ly  due to the i n c r e a s e  in venous outflow which, in th is  p a r t i c u l a r  case ,  may be a s s o c i a t e d  with 
the s t r o n g e r  i n sp i r a t i on  at the end of ac t ion  of the  acous t i c  s t imulus .  The " b e h a v i o r ,  of the r e s p i r a t o r y  
component  of the r e s p o n s e  p robab ly  p l a y s  a~ i m p o r t a n t  ro l e  as a c o n t r o l l i n g f a c t o r  in the m e c h a n i s m  w h e r e -  
by the body as  a whole can r egu la t e  the vo lume of b lood f i l l ing the t i s s u e s .  At the t ime  of  a d e c r e a s e  in 
blood f i l l ing,  the  shape  of the  rheog raph i c  waves  shows s igns  of "a  l ower ing  of  a r t e r i a l  tone" ( sharpen ing  
of the anac ro t i c  phase  and downward d i s p l a c e m e n t  of the d i e r o t i c  wave),  although t h e s e  a r e  combined  with 
a d e c r e a s e  in height  of the anac ro t i c  wave.  N e v e r t h e l e s s ,  the s l ight  e l eva t ions  of the p l e t h y s m o g r a m  co in -  
c iding with a d e c r e a s e  in RII (Fig.  2, p e r i o d s  I and VII) and ev iden t ly  r e f l e c t i ng  some  e m b a r r a s s m e n t  of the 
venous  outflow, a r e  not combined  with the appea rance  of Wick ' s  waves ,  which would be  expec ted  on the 
b a s i s  of the gene ra l  p r i n c i p l e s  of rheograpby .  

These  e x a m p l e s  show that  the methods  of ana lys i s  of e x p e r i m e n t a l  da t a  used  in th is  inves t iga t ion  can 
b r i n g  to l ight  the  complex i ty  and v a r i e t y  of  the funct ional  s t r u c t u r e  of v a s c u l a r  r e f l exes .  
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