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Occlusion of the coronary  a r t e ry  for  15-20 sec is accompanied by react ive hyperemia  (RH) of the myo-  
cardium, the peak of which is not increased after  a r r e s t  of the blood flow for longer per iods .  More detailed 
studies of myocardial  RH have shown that its peak depends on the perfusion p r e s s u r e  [4]. Adenosine and c e r -  
tain other  agents increase the coronary  blood flow to a degree which exceeded the peak of RH [2, 9]. Con- 
t radic tory  resul ts  have been obtained for sympathetic influences on the peak of RH: af ter  desympathizat ion 
of the hear t  the peak ei ther  decreased [7] or  increased [8]. Comparison of the above data quest ions the view 
that the RH peak affords an absolute cr i ter ion for est imating the co rona ry  dilator r e s e r v e .  

The aim of this investigation was  to study the effect of sympathetic nerve st imulation on the peak of 
myocardial  RH in acute experiments  on dogs. 

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

Experiments  were car r ied  out on 25 mongrel  dogs with a mean body weight of 12 kg, under  hexobarbital  
anesthesia (75 mg/kg),  with morphine premedicat ion (0.5 ml of a 1% solution/kg body weight). Thoracotomy 
was performed and the animal art if icial ly ventilated with the RO-3 apparatus. Catheters  were  introduced into 
the left ventricle and aorta and p re s su re  was measured  with HP 1280C t r ansduce r s  (USA). Fluctuat ions of 
ar ter ia l  p re s su re  (BP) were damped by means of a barostat ,  connected to the aor ta  through the subclavian 
ar tery.  The t ransducer  of an SP 2201 flowmeter,  2 or  3 mm in diameter ,  was fixed on the c i rcumflex o r  des-  
cendtng branch of the left coronary  ar tery .  The coronary  a r te ry  was compressed  by a soft clamp immedi-  
ately below the t ransducer .  The left stellate ganglion (SG) was dissected and a bipolar  st imulating electrode 
applied. The pa rame te r s  of stimulation were:  5 V, 8-10 Hz, 2 msec  (ESL-2 stimulator).  All p a r a m e t e r s  were 
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Fig. 1. RH of myocardium in control and during s t im- 
ulation of SG (not only the increase in the peak of RH, 
but also the r i se  of BP in response to sympathetic s t im-  
ulation can be seen). 
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T A B L E  1. E f fec t  of S t imu la t ion  of SG on C a r d i o -  
d y n a m i c s  and P e a k  of M y o c a r d i a l  RH (n = 30) 

Parameter 

SBF, ml/min 
BP, mm Hg 
LVP, mm Hg 

H,I~, beats/rain 
CVR, relative units 

Before occlusion of vessel 

Control ] StimulatiOnof SG 

51,3-+5 1 5 9 , 8 •  
P<O,OOI 

9 0 +  90--+2 

P < O , 0 5  

I66-+ 7 N~/~67 • 6 

2,23 -+ 0,2] 1 ,8 -+0 ,13  
P~O,O01  

Legend .  H e r e  and in Table  2: C B F  

Peak of RH 

Control Stimulation 
of SG 

164,44-__14 1179,2--+14 
P ~ O , O l  

9 t -+2  ] 90__+2 
97-+2 102-+3 

P < 0 , 0 1  

162-+7 I 175•  
P -~0 ,05  

0,65+__0,05] 0 ,59-+0,04  
P < 0 , 0 5  

coronary 

blood flow, LVP) pressure in left ventricle, CVR) 

coronary vascular resistance, N/s) not significant. 

Fig .  2. C o m p a r i s o n  of RH in c o n t r o l  (left) and d u r i n g  
s t i m u l a t i o n  of l e f t  SG ( r ight ) .  F r o m  top to bo t tom:  B P  
(in m m  Hg), L V P  (in m m  Hg), EDLVP)  e n d - d i a s t o l i c  
LVP (in m m  Hg), C B F a v )  a v e r a g e d  va lue  of c o r o n a r y  
b lood flow (in m l / m i n ) ,  C B F m o m )  m o m e n t a r y  va lue  of 
c o r o n a r y  blood flow (in m l / m i n ) .  Tape  winding  speed  
1 r a m / s e c .  

r e c o r d e d  on t h e H P  7758D p o l y g r a p h  (USA). The r e s u l t s  of a p r e l i m i n a r y  s e r i e s  of 6 e x p e r i m e n t s  c o n f i r m e d  
da t a  [4] showing  tha t  the  p e a k  of  RH d e p e n d s  on BP (one such e x p e r i m e n ~  ts i l l u s t r a t e d  in F ig .  1). It was  thus  
n e c e s s a r y  to c o n d u c t  the  e x p e r i m e n t  with B P  s t a b i l i z a t i o n ,  by s topping  s t i m u l a t i o n  of the s y m p a t h e t i c  n e r v e s  
b e f o r e  and a f t e r  d e v e l o p m e n t  of p e a k  RH. The g r o u p s  of e x p e r i m e n t s  w e r e  c a r r i e d  out.  In g roup  1, o c c l u s i o n  
of  the  c o r o n a r y  a r t e r y  f o r  20 sec  was  p r e c e d e d  by s t i m u l a t i o n  of SG fo r  45-60 sec .  In g roup  2, s t i m u l a t i o n  of  
SG (15 sec)  w a s  s t o p p e d  5 s e c  b e f o r e  r e s u m p t i o n  of the b lood flow in the a r t e r y  a f t e r  the s a m e  d u r a t i o n  of o c -  
c l u s ion  (20 sec ) .  In bo th  g r o u p s  the  p e a k  of RH was  e s t i m a t e d .  V a l u e s  of RH in r e s p o n s e  to o c c l u s i o n  of  the 
c o r o n a r y  a r t e r y  f o r  20 s e c  wi thou t  s t i m u l a t i o n  of SG s e r v e d  as  the con t ro l .  

EXPERIMENTAL RESULTS 

In the experiments of group 1 stimulation of SG led to an increase of pressure in the left ventricle (LVP) 

but the heart rate (HR) was not increased. BP was kept constant because of the damping action of the barostat. 

The peak of RH was significantly higher than in the control. Calculation of the resistance of the coronary ves- 

sels (the quotient obtained by dividing BP by the mean blood flow) showed a significant fall in this parameter 
during stimulation of SG compared with the control (Table i). Differences in the values of the peak of RH are 

clearly visible in Fig. 2. 
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T A B L E  2. Ef fec t  of S t imu la t ion  of SG d u r i n g  O c c l u s i o n  of  C o r o n a r y  A r t e r y  on C a r d i o d y n a m i c s  
and P e a k  of RH (n = 22) 

Before occlusion of vessel During occlusion Peak of RH 
Parameter 

control Ibefi~raeta~inmU- control I before stimu- c~ntrol [ before stimu- lation tanon 

SBF, ml/rain 

BP, mm Hg 

LVP, mm Hg 

HP., beat,/min 

CVS, relative unit* 

51,4-+5,3 ! 51,7-+5,4 
/ 

96-+3 HI / 94-+3 

95-+2 HI/. 96-+ 1 

176-+6 HI / 177-+8 

2,2-+0,19 H~ / 2,23-+0,21 

0[0 
88-+2 I02-+3 

P<0,01 
94-+5 [ 105-+3 

P<0,01 
187-+ 10 [ 201_+9 

P<O,05 

I 
148,9~ 18 [ 166,1• 17 

P<0,0 l 
94-+3 I 95• 

H/ 
96_+2 [ 93--+4 

H/ 
175-+8 [ 185-+ I0 

p<0,01 
0,83-+0,08 ] 0,71-+0,06, 

P<0,05 

In the e x p e r i m e n t s  of  g roup  2, to s tudy the a f t e r - e f f e c t  of s y m p a t h e t i c  n e r v e  s t i m u l a t i o n  on the p e a k  of  
RH, SG was  s t i m u l a t e d  d u r i n g  the f i r s t  15 sec  of the 2 0 - s e c  p e r i o d  of o c c l u s i o n ,  Unde r  t h e s e  c o n d i t i o n s  t h e r e  
was  a w i d e r  s c a t t e r  of v a l u e s  c h a r a c t e r i z i n g  c h a n g e s  in c a r d i a c  a c t i v i t y  d u r i n g  s y m p a t h e t i c  s t i m u l a t i o n  c o m -  
p a r e d  with tha t  found in g roup  1, e v i d e n t l y  b e c a u s e  of the r e l a t i v e l y  s h o r t  d u r a t i o n  of s t i m u l a t i o n .  Howeve r ,  
both the f o r c e  and the f r e q u e n c y  of  the c a r d i a c  c o n t r a c t i o n s  w e r e  i n c r e a s e d .  The peak  of RH was  i n c r e a s e d  
by  a g r e a t e r  d e g r e e  when s y m p a t h e t i c  n e r v e s  w e r e  s t i m u l a t e d  only  du r ing  o c c l u s i o n  of the v e s s e l ,  c o m p a r e d  
with the c o n t r o l  g roup .  The s a m e  can a l s o  be sa id  of  the r e s i s t a n c e  of the c o r o n a r y  v e s s e l s .  Al l  the r e s u l t s  
of t h i s  g roup  of e x p e r i m e n t s  a r e  g iven  in T a b l e  2. 

A t t en t ion  is  d rawn to a s m a l l  r i s e  of BP  du r ing  s t i m u l a t i o n  of SG a g a i n s t  the b a c k g r o u n d  of c o r o n a r y  
a r t e r i a l  o c c l u s i o n .  Th i s  r i s e  was  not c o m p l e t e l y  c o m p e n s a t e d  by  the b a r o s t a t ,  e v i d e n t l y  b e c a u s e  of the  f a i r l y  
high r a t e  of r i s e  of p r e s s u r e .  

Both  g r o u p s  of e x p e r i m e n t s  conduc ted  with s t a b i l i z a t i o n  of B P  showed that  the p e a k  of  RH (and the  c a l -  
cu l a t ed  c o r o n a r y  v a s c u l a r  r e s i s t a n c e  at  the  he igh t  of the  peak)  w a s  s i g n i f i c a n t l y  h i g h e r  (P < 0.05) du r ing  s y m -  
p a t h e t i c  exc i t a t i on  o r  i t s  a f t e r  e f fec t  than  in the  a b s e n c e  of s y m p a t h e t i c  e x c i t a t i o n .  

Th i s  phenomenon  was  e v i d e n t l y  due to an i n c r e a s e  in m y o c a r d i a l  oxygen  c o n s u m p t i o n  in r e s p o n s e  to an 
i n c r e a s e  in the f o r c e  and f r e q u e n c y  of c a r d i a c  c o n t r a c t i o n s .  The i n t ens i t y  of m e t a b o l i s m  of the m y o c a r d i u m  
and the th roughpu t  of the  c o r o n a r y  v e s s e l s  a r e  known to be c l o s e l y  r e l a t e d .  W h e t h e r  a d e n o s i n e  p l a y s  a d e c i s i v e  
r o l e  in e l e v a t i o n  of the p e a k  of RH ( i t s  f o r m a t i o n  h a s  been  d e m o n s t r a t e d  in m y o c a r d i a l  i s c h e m i a  and s y m -  
p a t h e t i c  e x c i t a t i o n  [3, 5]) is  d i f f i cu l t  to say.  Howeve r ,  c o r o n a r y  v a s o d i l a t a t l o n  in the  c o u r s e  of RH and a f t e r  
in jec t ion  of  l a r g e  d o s e s  of a d e n o s i n e  [2, 8] is  not  c o m p a r a b l e .  In t h e l a t t e r e a s e ,  s o - c a l l e d  func t iona l  shunt ing 
m a y  t ake  p l ace ,  and th i s  can  i n c r e a s e  the b lood  flow c o n s i d e r a b l y .  

M y o c a r d i a l  IRH is  a c o m p l e x  phenomenon ,  and i s  d e t e r m i n e d  by  m o r e  than one componen t .  G r e a t  i m p o r -  
t ance  h a s  r e c e n t l y  been  a t t a c h e d  to m e t a b o l i c  f a c t o r s  in th i s  r e s p o n s e .  F o r  in s t ance ,  c o r o n a r y  a r t e r i a l  o c c l u -  
s ion  fo r  100 m s e c ,  which d id  not  g ive  r i s e  to a r e a c t i v e  i n c r e a s e  of b lood flow when the h e a r t  r a t e  was  r e l a t i v e -  
ly  slow, induced RH when it was  f a s t e r  [8]. RH h a s  been  shown to i n c r e a s e  wi th  an i n c r e a s e  in the load  on 
s k e l e t a l  m u s c l e s  a n d t h e i s o l a t e d  d o g ' s  h e a r t ,  p e r f u s e d  with blood f r o m  a donor  [1]. 

Wi thout  deny ing  the  i m p o r t a n c e  of p a s s i v e  and ac t i ve  (myogen ic )  r e s p o n s e s  in RH, the  fo l lowing  p r e l i m -  
i n a r y  conc lu s ion  can  be d rawn .  Not only  the r e a l  t h roughpu t  of the v a s c u l a r  s y s t e m  of the h e a r t ,  but  a l so  the 
d i l a t o r  r e s e r v e  of the c o r o n a r y  s y s t e m  a r e  a d j u s t e d  to the  c u r r e n t  l eve l  of m y o c a r d i a l  m e t a b o l i s m .  The p e a k  
of RH wi l l  t h e r e f o r e  d i f f e r  fo r  d i f f e r e n t  m e t a b o l i c  s t a t e s .  Th is  m a y  be a r e f l e c t i o n  of  one a s p e c t  of the s p e -  
c i f i c i t y  of the m y o c a r d i a l  b lood supply  and the c h a r a c t e r  of r e g u l a t i o n  of  the c o r o n a r y  blood flow. 
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