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EAR IN ANIMALS BY A RHEOGRAPHIC METHOD 
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A method of cochlear  rheography is proposed and was tested under acute conditions on guin- 
ea pigs and cats .  The t e rm rheoeoehleographyis  suggested.  Circular  e lectrodes,  0.2 mm 
in diameter ,  were made from metal  foil and fixed by means of a spring to the apex of the 
cochlea and to its base.  The rheocochleogram of the cochlear  vessels  was recorded  with a 
type RG-1-01 rheograph.  The rhecoch leogram showed definite changes after ligation of the 
internal auditory a r te ry ,  injection of adrenalin and acetylcholine solutions into the pe r i lym-  
phatic space,  and acoust ic  stimulation of the ear .  

To determine the etiology and pathogenesis of some diseases  of the inner ear  and to choose rational 
pathogenetic t reatment ,  it is n e c e s s a r y  to be able to a ssess  the state of the circuiation in the labyrinth. 
This problem has not yet been adequately studied. 

The method of labeled atoms [1], used to investigate the cochlear  circulation, gives evidence only of 
the permeabi l i ty  of the cochlear  vessels  and of the blood-labyrinth b a r r i e r .  The various morphological  
methods [8-10] do not reveaI the dynamics of functional changes in the cochlear  vesse ls .  

Because of the disadvantages of these methods, the rheographic method was used to study the c i rcu la -  
tion in the inner ear .  The rheographic  method of investigation of the circulation is based on recording the 
e lect r ical  res i s tance  of the living t issues due to fluctuations in the degree of filling of the vesse ls  with 
blood and of the velocity of blood movement .  This method has been extensively used to study the functional 
state of blood vessels  in the brain [4-7], the eye [3], the dental pulp [2], and other organs .  

A method of cochlear  rheography was developed in acute experiments  on animals .  Since this method 
was being used for  the f i rs t  t ime, the name rheoeochleography was given to it. 

Investigations were  ca r r i ed  out in guinea pigs and cats  in which the cochlea is conveniently situated 
for  e lectrode fixation. Under chlora lose-hexobarbi ta l  anesthesia,  the bony labyrinth andbulla were  opened, 
so that one electrode could be fixed to the apex of the cochlea and the other to its base,  slightly medially to the fen- 
e s t r a  rotunda. Reliable fixation of the e lect rodes  so that they could not move about during the experiments  was 
e n s u r e d b y m e a n s  of special  springs.  The e lect rodes  were  made of metal  foil and cons is tedof  c i r cu la r  disks 0.2 

mm in diameter .  The rheogram of the cochlear  vesse ls  was recordedby  
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Fig. 1. Rheocochleogram before 
and after  ligation of internal au- 
di tory a r t e ry .  Upper curve 
shows rheocochleogram (arrow 
indicates moment of ligation of 
ar tery) ,  lower curve shows E CG. 

means of a type RG-1-01 rheograph and a type EE ChS-1 two-channel 
ink-writing electroencephalograph, the second channel of which was 
used to record the E CG in standard lead II. 

Tests were ca r r i ed  out by the method descr ibed above or~ 12 
guinea pigs and 60 cats.  A charac te r i s t ic  curve was recorded,  with 
its waves synchronized with the ECG, and resembling a rheogram in 
shape. This curve can be assumed to reflect  the degree of filling of 
the cochlear  vessels  with blood. To confirm this hypothesis,  it was 
n e c e s s a r y  to show whether the resulting curve in fact reflects the coch-  
lear  circulation and to ascer ta in the sensit ivity of the method for 
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Fig. 2. Changes in rheococh leogram a f te r  injection of solutions of 
noradrenal in  (A) and acetylcholtne (B) into the cochlear  p e r i l y m -  
phatic space .  F r o m  top to bottom: spontaneous resp i ra t ion ;  rheo -  
cochleogram;  ECG; t ime of injection of noradrenal in ;  t ime  m a r k e r  
5 sec .  1) Before  injection; 2, 3, 4, 5) 1, 3, and 10 rain r e s p e c t i v e -  
ly a f te r  injection. 
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Fig.  3. Changes in rheococh leogram under  influence of acoust ic  
s t imulat ion (1000 Hz, 50 dB). F r o m  top to bottom: spontaneous 
resp i ra t ion ;  s y s t em i c  a r t e r i a l  p r e s s u r e ;  rheocochleogram;  E CG; 
t ime m a r k e r  5 sec .  1) Before  acoust ic  s t imulat ion;  2, 3, 4) 15, 
25, and 40 sec  r e spec t ive ly  a f te r  acoust ic  s t imulat ion;  5) 10 rain 
a f te r  stopping acoust ic  s t imulat ion.  

test ing the effects  of var ious  external  s t imuli  on the cochlear  v e s s e l s .  The mos t  sui table method of t e s t -  
ing reflect ion of the cochlear  circulat ion on the rheog ram is by ligating the b loodvesse l  supplying the cochlea.  

For  this purpose ,  a l igature  was applied to the internal audi tory a r t e r y  supplying bloodto the cochlea,  
a f t e r  which the rheococh leogram was r eco rded  before  and a f t e r  the l iga ture  was drawn tight around the 
a r t e r y .  The resu l t s  of this tes t  a r e  given in Fig. 1, which shows that a f t e r  ligation of the in ternal  audi tory 
a r t e r y ,  the rheographie  wave d isappeared .  
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The sens i t iv i ty  of the method was tes ted  by application of solutions of noradrenal in  and acetylcholine 
to the inner ea r .  The re,zults of these tes t s  showed that injection of noradrena l in  solution (0.2 ml,  0.001% 
solution) through the secondary  tympanic  m e m b r a n e  into the pe r i lympha t ic  space  reduced the ampli tude of 
the r h e o g r a m  (Fig. 2A), while injection of 0.2 ml  of a 0.001% solution of acetylcholine,  on the other  hand, 
i nc rea sed  the ampli tude of the rheographic  wave (Fig. 2B). Since, in these exper iments ,  no changes oc -  
cu r r ed  in the sys t emic  a r t e r i a l  p r e s s u r e ,  or  the hear t  and r e sp i r a t ion  ra tes  following local application of 
these  pharmaco log ica l  agents ,  the changes in ampli tude of the rheog ram obse rved  a re  an index of the de-  
g r e e  of filling of the coch lea r  ves se l s  with blood. 

Acoust ic  s t imulat ion is the mos t  adequate and physiological  fo rm of s t imulat ion of the inner ea r .  It 
was the re fo re  decided to study the changes in the cochlear  circulat ion produced by an acoust ic  s t imulus .  
The inc rease  in ampli tude of the rheographic  wave under the influence of acoust ic  s t imulat ion (1000 Hz, 50 
riB) is c l e a r l y  v is ib le  in Fig.  3. The i nc rea se  in ampli tude of the rheographic  wave thus obtained in r e -  
sponse  to acoust ic  s t imulat ion mus t  evidently be r ega rded  as ref lect ing an inc rease  in the cochlear  c i r cu l a -  
tion, whereas  the pulse and r e sp i r a t ion  ra tes  and the sy s t emic  a r t e r i a l  p r e s s u r e  r ema ined  unchanged. 

It  can accordingly  be concluded that changes in the ampli tude of the rheographic  wave ref lec t  the de-  
g r e e  of filling of the cochlear  ves se l s  with blood. The re sponses  of the cochlear  vesse l s  in all these tes t s  
co r re sponded  to the c h a r a c t e r  of the s t imul i  applied. 
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