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Responses of ce rebra l  and per ipheral  vessels  during ce rebra l  angiography were studied in 
29 patients with local brain Iesions by means of a combined technique which included r e -  
cording the rheoencephalogram,  the rheoencephaloplethysmogram, the photoplethysmogram, 
e lec t roca rd iogram,  and e lec t roencephalogram.  Seven patients received injections of physio-  
logical saline as the control .  Injection of u ro t r a s t  into the carot id a r t e ry  was followed ini-  
tially by t ransient  changes in the ce rebra l  hemodynamics associated with infusion of an ad- 
ditional volume of fluid into the blood s t ream,  but later  a more  marked and pers is tent  di lata-  
tion of the ce rebra l  a r te r ies  was observed,  probably as a resul t  of the action of the contras t  
mater ia l  on the chemorecep to r s  of the blood vesse ls .  In response to the injection of physio-  
logical salIne no such dilatation of the ce reb ra l  vesse ls  was observed.  

An important  p rob lem arising during ce rebra l  angiography is the effect of the contras t  substance on 
the cerebra l  vesse l s .  Investigations into this problem have been comparat ively  few in number  and their r e -  
suits are mainly cont radic tory .  Some workers  found no changes in the ce rebra l  hemodynamics under the 
influence of the contras t  substance either experimental ly [12] or clinically [9] if the blood vessels  were not 
f i rs t  i r r i ta ted .  Other workers  observed changes in the tone of the ce rebra l  vessels  [11, 14], a decrease  in 
p r e s su re  in the ophthalmic a r t e ry  [6], and an increase  in the cerebrospina l  fluid p ressu re  [15]. In rheoen-  
cephalographic investigations one observer  found increased vascular  tone and a reduced blood flow in the 
brain after  injection of cont ras t  mate r ia l  [4] while two other obse rve r s  descr ibed direct ly  opposite changes 
[2,5]. Similar data have been obtained for changes in cardiac  activity and the peripheral  circulat ion:  tachy-  
cardia  and elevation of the per ipheral  a r te r ia l  p r e s su re  were d iscovered after injection of cont ras t  ma t e r i -  
al into the ver tebra l  a r t e ry  [8] and into the ascending aorta  [3]. It is difficult to compare  these observa-  
tions for they were obtained by the use of different contras t  mater ia ls  and of different techniques. 

The object of the investigation descr ibed below was to study the responses  of cerebra l  and per ipheral  
vesse ls ,  changes in cardiac  activity, and changes in the e lec t r ica l  activity of the brain simuItaneously at alI 
stages of carot id  angiography and during the 15-30 rain after injection of the contras t  mater ia l .  To de te r -  
mine any effects of the cont ras t  mate r ia l  i tself  on the card iovascular  system,  the resul ts  were compared 
with those of injection of physiological saline into the carot id a r te ry  (under identical technical conditions). 

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

In this combined investigation the EEG, ECG, rheoencephalogram (REG), rheoencephaloplethysmo- 
g ram (REPG), and the digital photoplethysmogram (PPG) were recorded  on the side of injection of the con- 
t ras t  mate r ia l .  The Japanese PM-150 polygraph was used for the recordings .  Special b ras s  foil "x - r ay  
t ransparent"  e lect rodes  were used. Angiography was per formed under local anesthesia;  10-15 ml of 60~ 
u ro t r a s t  solution was injected by an automatic syringe in the course  of 1.5 sec.  
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Fig .  1. Vascu l a r  r e s p o n s e s  to inject ion of 15 ml  u r o t r a s t  into r ight  c a r o t i d  a r t e r y  
(Patient Sh. with a r t e r i o - v e n o u s  aneurysm of the r ight  f r o n t o - p a r i e t o - t e m p o r a l  r e -  
gion). Top r e c o r d  is t ime m a r k e r  (1 sec)  and m a r k e r  of inject ion of u r o t r a s t .  Num-  
b e r s  show t i m e s  af te r  in ject ion.  1,2) Right and left  f r on to -pa r i e to  EEG leads ;  3,4) 
r ight  and left  f r o n t o - m a s t o i d  REG leads ;  5) ECG (lead II); 6) PPG of r ight  middle  
f inger .  I n c r e a s e  in ampli tude of th ree  REG waves can be seem at the moment  of in-  
ject ion (first  phase) and this is  followed by a d e c r e a s e  in ampli tude of the REG 
waves to 75% on the r ight  and 80~c on the left  {second phase) .  During the next  6 sec  
it again i n c r e a s e s  to the or igInal  level  {third phase) .  Af te r  25 sec  the ampl i tude  of 
the REG waves r eaches  a max imum:  160% on the r ight ,  132% on the left  {fourth 
phase) .  Immedia t e ly  af te r  inject ion of u r o t r a s t  a s m a l l  i n c r e a s e  in the pulse r a t e  
and s l ight  d e c r e a s e  in ampli tude of the pulse waves on the P P G  a re  r e c o r d e d .  

Al toge ther  29 pat ients  (11 women and 18 men aged 16-45 yea r s )  with va r ious  loca l  b ra in  d i s e a s e s  
(tumors, a n e u r y s m s ,  c a r o t i d - c a v e r n o u s  shunts) were  inves t iga ted .  Angiography on 21 pat ients  was p e r -  
fo rmed  through a ca the te r  in t roduced through the f e m o r a l  a r t e r y  into the c a r o t i d  a r t e r y .  Eleven d i r ec t  
c a ro t i d  ang iograms  were  obtained on the other  eight pat ients  by puncture  of the c a r o t i d  a r t e r y .  In seven 
con t ro l  obse rva t ions  10-15 ml  phys io logica l  sa l ine  was in jec ted  in the cou r se  of 1.5 sec  into the same 
a r t e r y  5-10 rain before  inject ion of the con t ras t  m a t e r i a l .  

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

Analys i s  of the r e s u l t s  showed that  the anes thes ia ,  puncture of the a r t e r y ,  introduct ion of the ca the te r  
or  tube, and the noise  of the x - r a y  appara tus  had a de tec table  but t r ans i en t  action on the c a r d i o v a s c u l a r  
s y s t e m .  In the overwhelming m a j o r i t y  of pat ients  Inves t iga ted  (24 of 29) the v a s c u l a r  r e s p o n s e s  a s soc i a t ed  
with these  manipula t ions  we re  of shor t  durat ion,  and a s tab le  and c om pa r a t i ve l y  quiet background was e s -  
t ab l i shed  usua l ly  by the t ime  of in ject ion of the u r o t r a s t .  

Actua l ly  during inject ion of the con t r a s t  m a t e r i a l  and taking the s e r i a l  photographs c l e a r l y  m a r k e d  
and success ive  changes in the c e r e b r a l  hemodynamics  were  r e c o r d e d  in 16 pa t i en t s .  The following four 
phases  were  d is t inguished .  In the f i r s t  phase during inject ion of the u r o t r a s t  an i n c r e a s e  in ampl i tude  of 
the REG waves was r e c o r d e d  for 2-3 sec  (more marked  on the s ide  of inject ion),  re f lec t ing  mechan ica l  
s t r e tch ing  of the a r t e r i e s  as a r e su l t  of inject ion of an addi t ional  volume of fluid into the a r t e r i a l  blood flow. 
In the second phase ,  l as t ing  5-7 sec ,  the ampli tude of the REG waves fel l  r ap id ly  below i ts  in i t ia l  leve l  as a 
r e su l t  of an i n c r e a s e  in va scu l a r  tone which developed in r e sponse  to t r ans i en t  s t r e tch ing  of the wal ls  of 
the ca ro t id  a r t e r y .  In the t h i rd  phase  the ampli tude of the REG waves g radua l ly  i n c r e a s e d  for  the next  5- 
10 sec and r e tu rned  to i ts  in i t ia l  leve l .  In some obse rva t ions  the ampli tude and shape of the REG waves 
were  uns tab le  dur ing this phase .  In al l  p robab i l i ty  the v a s o c o n s t r i c t o r  r e sponse  to inject ion of an addi t ion-  
a l  volume of fluid had d i s a p p e a r e d  in this  phase and the vasod i l a to r  action of the u r o t r a s t  had begun to ap-  
p e a r .  In the fourth phase  the ampl i tude  of the REG waves i n c r e a s e d  above its in i t ia l  l eve l  on the s ide of in -  
jec t ion to 146% (mean value),  reaching  the maximum af t e r  20-40 sec .  The signs of a d e c r e a s e  of the 
p e r i p h e r a l  v a s c u l a r  r e s i s t a n c e  (shortening of the r i s e  t ime of the wave) were  l e s s  constant  and d is t inc t .  
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Fig .  2. Vascu l a r  r e s p o n s e s  to inject ion of 15 ml phys io logica l  sa l ine  into the r ight  
c a r o t i d  a r t e r y  (the same pat ient) .  Top r e c o r d  is t ime m a r k e r  ( l s e c )  and m a r k e r  
of in ject ion of sa l ine .  Numbers  r e p r e s e n t  t imes  af te r  in ject ion.  3a,4a) r ight  and 
left  f r o n t o - m a s t o i d  leads  of REPG.  Remainde r  of legend as in F ig .  1. During in-  
ject ion of the solut ion an i n c r e a s e  in ampli tude of the th ree  REG waves is obse rved  
(first  phase) and this is followed by a d e c r e a s e  in ampli tude of the REG waves to 
75% on the r ight  and 93% on the left  (second phase) ,  followed by a re turn  to the in i -  
t ia l  leve l  at 8-9 see  (third phase) .  No s igni f icant  or  p e r s i s t e n t  i n c r e a s e  in the 
c e r e b r a l  blood flow was observed  af te r  inject ion of phys io logica l  sa l ine  (fourth 
phase) .  

The subsequent  r e s t o r a t i o n  to n o r m a l  o c c u r r e d  g radua l ly  over  a pe r iod  of 10-30 mill (Fig. 1). The phases  
de tec ted  were  s i m i l a r  to those d e s c r i b e d  by other  w or ke r s  when inves t iga t ing  the effect  of inject ion of Dio-  
d r a s t  into monkeys [11]. 

The i n c r e a s e  in the c e r e b r a l  blood flow af te r  inject ion of u r o t r a s t  was a lso  obse rved  on the REPG, 
with the r eco rd ing  of a b i l a t e r a l  r i s e  of the curve ,  more  marked  on the s ide  of in ject ion.  In 12 pat ients  the 
ampli tude of the P P G  was reduced  and in eight pat ients  it  was unchanged. The changes in the pulse ra te  
a f te r  inject ion of the con t r a s t  m a t e r i a l  were  s l ight  in these  inves t iga t ions :  it  was i n c r e a s e d  (by 5-10 beats)  
in 15 pa t ien ts ,  r educed  by the same s m a l l  m o u n t  in f ive,  and unchanged in the r e s t ,  

In about half  of the pat ients  (14) c l e a r  dep re s s ion  of the c~-rhythm was obse rved  for 3-4 see  during 
the inject ion of u r o t r a s t ,  and af te r  a fur ther  10-15 see the fas t  desynchronized  rhy thm d e s c r i b e d  p rev ious ly  
in such e a s e s  [1] appea red .  The coincidence between the t ime  of appearance  and d i s appea rance  of these 
EEG changes and the i n c r e a s e  in the e e r e b r a i  blood flow and r e s t o r a t i o n  of i ts n o r m a l  level  sugges ts  that  
these  changes sha re  the same genes i s  and a re  due to the action of the c o n t r a s t  m a t e r i a I  on the blood v e s s e l s .  

Compar i son  of these  observa t ions  with the r e s u l t s  of the cont ro l  t e s t s  in which phys io logica l  sa l ine  
was in jec ted  into the ca ro t i d  a r t e r y  (Fig. 2) showed that  the f i r s t  phases  v i r tua l ly  coincided in both ea se s ,  
but the t h i rd  and fourth phases  were  obse rved  only af ter  the injection of u r o t r a s t .  By con t r a s t  with the f i r s t  
two phases  (caused by the r a p i d  inject ion of an addit ional  volume of fluid), the th i rd  and fourth phases  ob-  
s e r v e d  l a t e r  and for  a c o m p a r a t i v e l y  long t ime and detected only af ter  the inject ion of the con t r a s t  m a t e r i a l ,  
evidently refleet its action on the chemoreceptors of the vessels. This hypothesis is confirmed by experi- 
ments which showed that other substances besides contrast materials (in particular, sodium chloride solu- 
tion) in the same molecular concentration give rise to similar changes in the cerebral circulation [7, 13, 16]. 
The authors cited are of the opinion that the changes observed in the hemodynamics are not the result of the 
specific action of the contrast material but are caused by stimulation of the vascular chemoreceptors (in the 
carotid artery). The same opinion is held by Arutyunov and co-workers [1] who investigated changes in the 
EEG during cerebral angiography. 
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