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An invest igat ion of fluctuations in the blood volume of the bra in  and finger by means  of rheo-  
p le thysmography  accompanied  by para l le l  r ecord ing  of fluctuations in their  pulse volume (the 
o rd ina ry  rheogram)  was ca r r i ed  out on human subjects~ The authors  i l lus t ra te  some  in t e re s t -  
ing poss ib le  appl icat ions  of the method by examples  showing d i f fe rences  in the d i rec t ion and 
degree  of f luctuations in blood volume in the c e r e b r a l  and pe r iphe ra l  c irculat ion.  Compar i son  
of the r h e o p l e t h y s m o g r a m  and r h e o g r a m  of an o rgan  enables the role  of the a r t e r i a l  inflow 
and venous outflow in the genes is  of changes in blood volume to be a s s e s s e d .  

The invest igat ion of the m e c h a n i s m  of v a s o m o t o r  r e sponses  to externa l  s t imulat ion and of the nature 
of endogenous hemodynamic  changes ("spontaneous va scu l a r  f luctuations") cal ls  for  a compara t ive  analys is  
of the fo rm and di rec t ion of the va s cu l a r  effect  in different  par ts  of the body~ In par t i cu la r ,  for  the analys is  
of ce r t a in  theore t ica l  and cl inical  p rob lems  it is impor tan t  to be able to do this with r e s p e c t  to the blood 
v e s s e l s  of the brain,  on the one hand, and those of the limb, which have rece ived  adequate study as a model 
of  the "pe r iphe ra l  c i rcula t ion,  ~ on the other .  

In the p resen t  invest igat ion this p rob lem Was invest igated by a rheop ie thysmographic  method based on 
the pr inc ip le  of rheography  (with p r e s e r v a t i o n  of the s low component),  enab l ing  the dynamics  of the blood 
volume of an organ to be studied r e g a r d l e s s  of whether  it is isolated f rom the externa l  envi ronment  by a 
cover ing  of bone (as the brain,  for  example) ,  or not. 

Despi te  extens ive  use of rheography  as a method of ana lys i s  of the fo rm and ampli tude of pulse waves 
of the bra in  (the rheoencepha logram) ,  this method has only occas ional ly  been used to r eco rd  the total  blood 
volume of the brain (its p l e thysmogram) ,  yet all  w o r k e r s  who have used it emphas ize  the p romis ing  c h a r a c t e r  
of  this method [1-4, 6, 10, 13]o 

The use of rheop le thysmography  for the compar i son  and compara t ive  analys is  of v a s o m o t o r  r e sponses  
of d i f ferent  organs  has r ece ived  s t i l l  less  at tention in the l i t e ra ture .  

Methodologic s tudies have shown that the rheographic  curve  c losely  reproduces  the dynamics  of fluc- 
tuations in blood volume and is pa ra l l e l  in c h a r a c t e r  to that obtained by the method of d i r ec t  mechanopie thys-  
mography  [4, 5, 7-9, 11, 12]. 

EX P E R I M E  N T A  L 

The adequacy of the method was ver i f ied  in this invest igat ion by record ing  the o rd ina ry  digital p le thys-  
m o g r a m  (with a mechanople thysmograph)  and compar ing  it with the e l e c t r o p l e t h y s m o g r a m  of the finger r e -  
corded by means  of a rheograph ic  a t tachment ,  with working f requency of 110 kHz~ through a de ampl i f i e r  on 
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Fig. 10 Similarity of slow waves of blood volume 
in mechanoplethysmogram and rheoplethysmo- 
gram. Differences in direction of changes in 
blood volume of brain and finger during resp i ra -  
tory-vascular  reflex. A) Recording on mechano- 
plethysmograph: 1) time marker  (in sec); 2) 
meehanoplethysmogram of index finger; 3) mar-  
ker of deep insp i ra t ion-  expiration by command; 
B) recording on polygraph: 4) marker  of deep 
insp i ra t ion-expi ra t ion ;  5) respiration; 6) photo- 
plethymosgram of ring finger of same hand; 7) 
rheoplethysmogram of middle finger of same 
hand; 8) rheoplethysmogram of brain (FM). 
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Fig. 2. Differences in direct ion of responses of cerebral and peripheral 
vessels in the resp i ra tory-vascular  ref lex. "Spontaneous" waves recorded 
on digital photoplethysmogram and rheoplethysmogram are almost absent 
on the rheoplethysmogram of the brain. Marker  of deep inspirat ion-  
expiration, 1) Photoplethysmogram of ring finger; 2) rheoplethysmogram 
of middle finger of same hand; 3) rheoplethysmogram of brain (FM). 
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Fig. 3. S imi la r i ty  between digital  mechanop l e thysmogram and rheo -  
p l e t h y s m o g r a m  (A and A1, see pulse waves ;  B and B i - another  sub-  
j e c t -  see  slow waves) .  Arousa l  react ion:  d e c r e a s e  in blood volume 
in digital  r h e o p l e t h y s m o g r a m  and inc rea se  in blood volume in c e r e -  
b r a l  rheop le thysmogram~ A l) Mechanople thysmogram of index f in-  
ger ;  A) r h e o p l e t h y s m o g r a m  of middle  f inger  of s a m e  hand; B) r e -  
cording on polygraph: 1) rheoencepha log ram (FM); 2) r h e o g r a m  of 
middle f inger;  3) pho top le thysmogram of index f inger of s ame  hand; 
4) r h e o p l e t h y s m o g r a m  of middle f inger;  5) r h e o p l e t h y s m o g r a m  of 
bra in  (FM); Bl: I) m e c h a n o p l e t h y s m o g r a m  of r ing f inger  of s ame  
hand; II) respi ra t ion~ 

the RDH-2 unit of a J apanese  RM-150 polygraph.  The r h e o p l e t h y s m o g r a m  of the bra in  (frontomastoid lead) 
was recorded  on another  unit of this ins t rument  in the s a m e  way. 

One rheograph ic  e lec t rode  was applied to the p a l m a r  su r face  of the f inger in the region of the t e rmina l  
phalanx, and the other  e lec t rode  on the dorsa l  a spec t  at the base  of the finger.  The digital mechanople thys -  
m o g r a m  was r eco rded  f r o m  the next f inger of the s a m e  hand on a Z P4-1 ink-wri t ing p le thysmograph  equip- 
ped with pneumoe lec t r i ca l  c o n v e r t e r s  and an a m p l i f i e r  which ensured  the total  reproduct ion  of a l l  slow waves .  
Final ly,  the pho top le thysmogram,  la rge ly  ref lec t ing  fluctuations in the blood volume of a sma l l  a r ea  of skin 
in the neighborhood of the photodetector ,  was r eco rded  f rom the middle f inger of the s a m e  hand on the poly-  
graph through a dc ampl i f i e r .  In addition, in some tes ts ,  the o rd ina ry  rheoencepha log ram and the digital 
r h e o g r a m  were  r eco rded  s imul taneous ly  on two other  channels through an ampl i f i e r .  For  spec ia l  purposes ,  
a pa ra l l e l  r ecord ing  was made  of r e sp i ra t ion .  

Bes ides  waves  (of the f i r s t ,  second,  and third o rde r s )  cha rac t e r i z ing  the va scu l a r  curve  in a res t ing  
state, vasomotor responses to various ex~erual stimuli also were examined. 

EXPERIMENTAL RE S U L~I'S 

Parallel recordings of the mechanoplethysmogram and rheopiethysmogram from two fingers of the 
same hand showed that the curves are similar but not completely identical~ This is clear from Figs. 1 and 

3~ Some differences are observed in the steepness of the rise and in the duration of the slowest waves. In 
addition, whereas respiratory waves (waves of the second order) were clearly visible on the digital mecha- 
noplethysmogram, as a regular feature they were much less clearly defined on the rheopiethysmogram. 

Differences between the patterns of the mechanoplethysmogram and rheoplethysmogram may perhaps 
be partly due to the fact that the fluctuations in volume reaching the mechanoplethysmograph from the glass 
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s enso r  e lement  re f lec t  changes in the blood volume of the en t i re  f inger ,  while the cu rves  r eco rded  through 
rheograph ic  e lec t rodes  r e f l ec t  changes in volume of that par t  of the f inger to which the e lec t r i c  field crea ted  
between the e l ec t rodes  extends.  Probably ,  however ,  this is not the only r e a s o n  for the d i f ferences ,  but there  
may  be some  di f ference  a l so  in the ac tual  p r o c e s s e s  recorded:  in one case  (mechanople thysmogram) ,  f luc-  
tuations in volume re f lec t ing  exc lus ive ly  changes in the blood volume of the organ a r e  recorded ,  while in the 
o ther  case  ( rheop le thysmogram)  it is changes in impedance  which a r e  r ecorded .  These  Latter a r e  p r inc i -  
pal ly  due to the changes  in volume,  but not ent i re ly ,  and ce r ta in  other  nonhemodynamic fac tors  may  be con- 
cerned ( t issue me tabo l i sm,  changes in the composi t ion of the blood, etc.).  

Despi te  these facts ,  the gene ra l  r e su l t s  of compar i son  of the r h e o p l e t h y s m o g r a m  and mechanople thys-  
m o g r a m  reco rded  f r o m  the f ingers  sugges t  that rheop le thysmography  is a suff icient ly adequate method of 
making  obse rva t ions  on f luctuat ions in the total  blood volume of an  o rgan  and, consequently,  that  it can be 
used to r e co rd  the c e r e b r a l  blood volume.  The adequacy of the method for  invest igat ion of the c e r e b r a l  he-  
modynamics  was conf i rmed by control  r eco rd ings  during the appl icat ion of fac tors  evoking typical  and wel l -  
studied changes in the blood volume of the brain  (the a m y l  ni tr i te  test ,  for  example}.  

It may  be supposed that  the pho top le thysmogram,  in conjunction with the digital rheop le thysmogram,  
would be of in te res t  as  a method of es t imat ing  s e p a r a t e l y  the c h a r a c t e r i s t i c s  of v a s o m o t o r  function of the 
cutaneous and m u s c u l a r  v e s s e l s .  However ,  it is quite c l ea r  that slow waves  a r e  not fully reproduced  on the 
pho top le thysmogram,  despi te  the use of a dc  ampl i f i e r .  This may  be connected with the specif ic  fea tures  
of the type of photoe lec t r ic  de tec to r  used. 

The r e su l t s  of obse rva t ions  with pa ra l l e l  r eco rd ings  of the r h e o p l e t h y s m o g r a m  of the brain  and finger 
r evea led  a number  of new facts  i l lus t ra t ing  the poss ib le  ro le  of the method.  I t  was shown, for  example ,  that 
the s lowes t  spontaneous waves  (of the third order ) ,  which a r e  c l ea r ly  v is ib le  on the pe r iphe ra l  rheop le thys -  
m o g r a m  (of the finger),  a r e  as  a rule  compara t i ve ly  inconspicuous on the c e r e b r a l  r h e o p l e t h y s m o g r a m  (see 
the r h e o p l e t h y s m o g r a m  of bra in  and f inger  in Fig. 2, and a lso  the photople thysmogram) .  

This  fact  m u s t  evidently be r ega rded  as  evidence of the g r e a t e r  s tabi l i ty  of the c e r e b r a l  blood volume 
than that  of the skin and m u s c l e s ,  and of the exis tence  of m e c h a n i s m s  maintaining this s tabil i ty.  Yet another  
highly typica l  phenomenon can be seen  in Fig. 2: the ~ re sp i r a to ry  waves  n a r e  much s h a r p e r  on the curve 
of c e r e b r a l  blood volume than on the digital  curve.  

Although the background slow waves  on the c e r e b r a l  r h e o p l e t h y s m o g r a m  a r e  v e r y  smal l ,  some e x t e r -  
nal p rocedu re s  such as ,  for example ,  a voluntary  insp i ra t ion  of r a t h e r  deeper  extent than normal ,  evoke 
slow r e s p o n s e  waves  in both the digital and the c e r e b r a l  r heop le thysmogram,  but the d i rec t ion and shape of 
the waves  a r e  different .  This  is pa r t i cu l a r l y  c l ea r  in Fig. 1: the r eac t ion  of deep inspi ra t ion  and subsequent  
expira t ion.  These  d i f fe rences  undoubtedly r e f l ec t  reg iona l  speci f ic i ty  in the va scu l a r  r e sponse .  

Another  example  i l lus t ra t ing  d i f fe rences  between the r e s p o n s e s  of the c e r e b r a l  and digital  ve s se l s  of  
an ex te rna l  s t imulus  is g iven in Fig. 3. In this case ,  this is a reac t ion  of or ient ing type in r e sponse  to 
speaking to a s leeping subject .  The subject  did not awaken, but the v a s o m o t o r  r e sponse  is pe r f ec t ly  c lear :  
a d e c r e a s e  in blood volume (the usual  f o r m  of or ient ing r eac t ion  a t  the per iphery)  is v i s ib le  on the digital 
r h e o p l e t h y s m o g r a m  (and a l so  mechanop le thysmogram) ,  while the opposi te  e f f e c t -  an i nc r ea se  in blood 
volume - is observed  on the c e r e b r a l  r heop l e thysmogram.  The r egu la r i t y  of this r e s p o n s e  and the nature  
of  i ts  phys io logica l  m e c h a n i s m s  a r e  p rob l ems  which a r i s e  out of this invest igat ion.  

P a r a l l e l  r eco rd ings  (see Fig. 3) of pulse waves  f rom a rheograph ic  de tec to r  through an ac  ampl i f i e r  
can a l so  be used to judge the re la t ive  impor t ance  of the a r t e r i a l  inflow and the venous outflow in the genes is  
of f luctuation in blood volume.  

The examples  given above thus i l lus t ra te  some  in teres t ing  p rospec t s  for  r e s e a r c h  utilizing the method 
of combined rheop le thysmography .  
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