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To determine  the tone of the blood vessels of the  human brain, two c t in ica i  methods are mainly  used, orbital  
plethysmography as described by B. E. Vo tcha l~nd  rheoencephalography.  Whereas the first of these is based on the 
general  principles of mechanica l  plethysmography,  developed over a long period of t ime ,  the principles governing 

the interpretat ion of rheographic curves have only just been e luc ida ted  and have much in common with the princi-  
ples of in terpreta t ion of the ordinary plethysmograms. A. M. Vein and M. A. Ronkin [1] have summarized the 
methods of analysis of the rheoencephalogram (REG) most commonly  used in the Soviet Union and elsewhere,  and 
to de termine  the tone of the blood vessels of the brain they recommend using the following indices (Fig. 1): h - 
the ampl i tude  of the PEG, indica t ing  the degree to which the vessels are f i l led  with blood; a - the t ime  in seconds 

during which the curve rises to the apex,  character iz ing the ab i l i ty  of the vessels to stretch under the influence of 
the inflow of blood; • - the t ime  in seconds during which the curve falls, character iz ing,  according to these workers, 

the degree of e las t ic i ty  of the vessels. Hence, the ratio c~/5 is an index of vascular tone,  while the ratio cz/(c~ + ~) 
is an index of the tonic state of the vascular wall; t - the  t ime  of spread of the pulse wave, measured from the Q 
wave of the ECG to the beginning of the rheograph~'c wave. The  number and size of the accessory waves (d) are 
also taken into account ,  for these are regarded as analogous to the polycrot ic  waves. The decrease in the number 
and size of the accessory waves and in the value of t and an increase in c~/(cz + ~) are usually regarded as signs of 
an increase in the tone of the blood vessels of the brain. Since Jenkner [4] concluded that the formation of the REG 
is almost  ent i re ly  dependent  on the movement  of blood in the internai ,  and not in the external  carotid artery, rheo- 
encephalography has been increasingly extended to the functional  diagnosis of cerebrovascular disorders. 

However, the spec ia l  features of impedence  plethysmography, l ike  the role of the ext racerebra l  c irculat ion,  

has rece ived  too l i t t l e  a t tent ion  during analysis of the REG. The impor tance  of those elements  of the PEG used to 
assess the tone of the blood vessels of the  brain must be determined more exact ly .  

It has been shown [2,3] that  the ampl i tude  of the waves of the e lec t rople thysmogram depends not only on 
changes in the volume of the vessels, but also of changes in the ve loc i ty  of the blood flow within them. This means 
that,  unlike with the ordinary ple thysmogram, an increase in the ampl i tude  of the PEG may take p lace  when the 

vascular  tone is unchanged,  or even increased i f  for some reason the systolic blood flow in them is acce le ra ted  (for 
example ,  during an increase in the blood flow in the trunk of the internal  carotid artery). 

To de te rmine  whether the indices h__, cz, and B, and the shape of the PEG curve and of its accessory waves may 
be used to assess the tone of the blood vessels of the brain, a comparison was made of the waves of the orbi tal  
p le thysmogram (OP), corresponding to the f i l l ing of the branches of the  internal  carot id  ar tery (the ophthalmic  ar-  
tery)  with blood, the temporary  ple thysmogram (TP), ref lect ing the f i l l ing of the branches of the  carotid artery,  and 
the REG. 

Since the formation of the PEG depends mainly  on changes in the level  of f i l l ing of the blood vessels, i t  may 
be expec ted  that  with e lectrodes in the f ronto-mastoid  position the PEG wave will  be close in shape to the theore t i -  
cal  wave obtained by summat ion of s imultaneously recorded OP and TP waves, ref lect ing the state of the c i rcula t ion  

in approx imate ly  the same region (judging by the position of the pick-ups).  The results of these investigations con- 
f i rmed this suggestion. 

It is c lear  from Fig. 2a and b that  the ac tua l  REG wave was almost ident ica l  in its generat  fall ,  and also in 
the form and t ime  coordinates of the peak and the accessory waves with the theore t ica l  wave, whereas the ordinates 
of their apices  did not coincide  with the ordinates of the apices of either the OP or the TP wave. 
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Fig. 1. Rheoencephalo- 

graphic curve (top) and 

ECG (bottom). Explana- 

t ion in text. 
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Fig. 2. Recording of the rheoencephalogram with electrodes in the fronto- 

mastoid (a and b) and fronto-occipital  (c) positions: TP) temporal; OP) or- 

bital  plethysmogram; TW) theoretical wave; REG) rheoencephalogram. 
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Fig. 3. Unilateral REG. a ) t o p -  

with electrodes in the fronto-mastoid, 

b o t t o m -  in the temporo-temporal  
position (both electrodes on the same 
temple); b) top --with electrodes in 
the orbito-temporal,  bottom - - i n  the 
temporo-temporal  position. 

The coincidence of the ordinates of the main elements of the ac-  

tual  REG wave with the ordinates of the theoretical  wave demonstrates 

that the area under the actual REG wave is the integral of the changes 
in  the electr ical  resistance in the intracranial  and extracranial systems 

of the circulation. Hence, both the ampli tude of the REG wave and the 
ordinates of the apex and of the accessory waves are aggregated values 

which, in the general case, cannot be equal to only one of the added 

values. For this reason, the t ime intervals c~ and ~, depending on the co- 

ordinates of the apex of the wave, cannot be used as criteria for deter- 

mining the tone of the blood vessels of the brain, and consequently, nor 
can the ratios a / g  and c~/(a + ~). 

For the same reason the number and size of the accessory waves 

of the REG also cannot be used as criteria. As Fig. 2c shows, the dierotic 

waves on both the OP and the TP are sufficiently clearly defined, but on 

the PEG wave recorded at the same t ime, the accessory waves can hardly 
be made out. This is understandable because when the characteristics of 
vascular tone in the systems of the internal  and external carotid arteries 

are different, the changes in blood-f i l l ing (and in electr ical  resistance) in 
t ime  in these cases also will differ, and consequently the coordinates and 
the size of the accessory waves must also be different. During summation,  
l ike the apices on the REG wave, the accessory waves of extracerebral 
and intracerebral origin may be added together, or they may occur in suc- 
cession and cancel each other out (which probably took place in the case 
shown in Fig. 2c). 
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Hence, the criteria used to evaluate the tone from the data of the ordinary plethysmogram cannot be used un- 

reservedly for the interpretation of the REG. 

All the elements of the REG, including the t ime  intervals a, g, and t, may change considerably in the same 

subject when the electrodes are placed differently. This is demonstrated ~y Fig. 3a (in which the dependence of a 

and t on the position of the electrodes is obvious) and Fig. 3b (marked differences are seen in the form of the REG 

when the orbital electrode is shifted to the temporal  region). 

Determination of the absolute values of the t ime  of spread of the pulse wave (t) from the interval between 

the Q wave of the ECG and the beginning of the REG wave is unacceptable not only because the coordinates of the 

apex of the wave are the results of summation,  but also because the range of variation of the intervals from the Q 

wave of the ECG to the beginning of mechanical  systole is 0.05 sec even in normal conditions (or QR of the ECG 

0.02 sec and for the interval  between R of the ECG and I of the BCG -- 0.03 see), which is commensurate with the 
t ime of spread of the pulse wave from the arch of the aorta to the blood vessels of the brain. 

It may be concluded from the facts described above that the use of rheoencephalography for determining the 

tone of the blood vessels of the brain in accordance with the t ime parameters of the REG curve and its shape is not 

justified. 
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