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P A T H O G E N E S I S  O F  T H E  L O W  C A R D I A C  O U T P U T  

S Y N D R O M E  IN P O S T R E S U S C I T A T I O N  S T A T E S  

I .  E .  T r u b i n a  a n d  A.  V.  V o l k o v  UDC 616-036.882-08-036.8-  
7:616.12-008.1-092-07 

Acute hypervolemia  induced in expe r imen t s  on dogs by infusion of dextran,  did not produce de-  
compensa t ion  of the c i rcula t ion in an imals  whose ca rd iac  output was sharp ly  d e p r e s s e d  in the 
pos t resusc i t a t ion  per iod a f t e r  c i r cu l a to ry  a r r e s t  las t ing 15 min. The inc rease  in the venous 
r e tu rn  and change in the conditions of the pe r iphe ra l  c i rcula t ion as  a resu l t  of dext ran  admin i s -  
t ra t ion  t e m p o r a r i l y  increased  the cent ra l  venous p r e s s u r e ,  caused a las t ing increase  in the 
a r t e r i a l  p r e s s u r e ,  card iac  output, s t roke  volume,  work  of the left  ven t r ic le ,  and total  oxygen con-  
sumption by the body, and lowered the pe r iphe ra l  v a s c u l a r  r es i s t ance .  In model expe r imen t s  on 
dogs subjected to isola ted compres s ion  i schemia  of the brain  for  20 rain, a low ca rd iac  output 
syndrome a l so  developed. 

KEY WORDS: hypoxia; pos t r e susc i t a t ion  period;  ca rd iac  output; hemodynamics .  

In the pos t resusc i t a t ion  per iod a f t e r  va r ious  types  of t e rmina l  state,  s i m i l a r  phasic  changes in the cent ra l  
hemodynamics  have been found [6, 7, 11]. The per iod of hyperperfusion,  at a t ime  of e x t r e m e l y  intensive work  
of the heart  at the beginning of resusc i ta t ion ,  is gradual ly  r ep laced  a f t e r  2-3 h by the onset of a low card iac  
output syndrome which may  continue for  up to 24 h. Among the fac to r s  responsib le  for  i ts  development  injury 
to the myocard ium as  a r e su l t  of hypoxia and toxemia  and a dec rease  in the absolute c i rcula t ing  blood volume 
may  be dist inguished [4, 5, 12]. However,  there  is as yet no genera l  ag reemen t  regard ing  the nature and func- 
t ional significance of this phenomenon. 

The two objects  of this  investigation were  as  follows: f i rs t ,  to invest igate the functional r e s e r v e s  of the 
ca rd iovascu la r  sys t em in the per iod of maximal  depress ion  of the card iac  output during resusc i ta t ion  a f te r  c i r -  
cu la tory  a r r e s t  in vivo, and second, to de te rmine  the role  of d i s tu rbances  of neurohumora l  regulat ion in the 
development of the low card iac  output syndrome a f te r  resusc i ta t ion .  

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

Two groups of expe r imen t s  were  c a r r i e d  out on 17 anes thet ized (pantopon 4-6 mg/kg ,  pentobarbi ta l  8-10 
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TABLE 1. Changes in Indices of Central Hemodyuamies and Oxygen Budget of the Body in 
Postresusci tat ion States (M :~ m) 

Index 

Stage of  experiment 

postresuscitation period 

initial state b af ter  loading 

group of  experimental  animals 

2nd_ ] lst_ 

Cardiac index (in ml/kg-min)  135.0_+6.9 153.9-+12,4 
Stroke index (in ml/kg)  ] 2,44-+0.22 2,22 -+ O, 31 
Working index of  left ventricle 

(in k g - m / k g . m i n )  i 0.194-0,0110,21• 1 
! 

Heart rate (beatsJmin) 63-+3 | 74 • 8 
BP( in  mm rig) l 106-+2 | 1074-4 
CVP ( in  m m  water)  --12,5-+9.2 ~-}-4.1 -+ 6 ,9  
Tot a i ~er[ph-eral vascu lar resisfance J (in dynes �9 sec �9 cm-s) 48224-624 13827 -+ 661 
Oxygen  consumption (in ml/kg-ra in)  I 5,54-0,6 / 5 , 4 - - 0 , 5  
Arterio-venous ()2 difference (in 

vols .%)  ~ 3 , 6 4 - 0 , 5 ]  3 . 6 - + 0  3 
Hematocrit  index (in 7v) 49-+3 | 50-+ I 
Circulating blood volume (in ml/kg) - -  | 7 9 , 5  -+ 2 ,7  
Plasma volume (in ml/kg)  [ - -  /44,  I -+ 4 .1  

2nd 

94,5_++10, 2"190,0-+8.5 ,20-+0,08"19'5• 0,92-+0, 06*] 0,84• 
I 

,30-+0,04" O, 14-+0,02 0,15• 

1444-10"  113-+15 ' [  113-+13 
1 2 8 ~ 5 "  1 2 6 + 4 '  ~ 1264-6"  
-44,o~l~,8 -a6,o-_+14,6t-i3.6~14, 

8229-+1256"~7971 • 1612 746-+551 6,8-+0,5 [8 ,4-+1 ,5 8 . 4 - + 1 . 4  
I 

5 , 3 - + 0 , 8  7 ,6  -+ 0 .8" t8 ,5 . -+  0 ,9  
46-+3 46-+3 49-+2 

- -  76,5--+3,2 
- -  4 , 9 -+3 ,8  

2nd I 1st ] 1M 
�9 [ before loading 

124,6-+ 15,3 
t ,28-+0,11 

0,19-+ 0 ,03  

9 8 + 1 5  
109+Zll 

--20,0-+16.0 

4401--+I15 
4 , 8 - + 0 . 4  

4 , 0 - + 0 . 5  
57-+3 

1st 

~43,4• :~ 
1,73----_0,33 

0,42--+0,065; 

1454-9~ 
137_+I15 

+32 .0_+30 ,  

2913• 201 "~ 
13.94-3,4"  

5 .5-+  1.4:~ 
33-+ 3 t  

1st 

292,0• 
2 ,02•  

0 ,55•  

139--_+ 12 
|394-  I* 

~-11,0• 

2949• 
6 , 0 - + 0 , 4  

2 , 5 •  
3 9 ~  1" 

*P-< 0.5 compared with corresponding index in initial state. 
P-< 0.05 compared with corresponding index before loading (groups 1 and le) .  

$ P-< 0.05 compared with corresponding index in initial state and before loading. 

mg/kg) and heparinized (200 units/kg) dogs. In the seven dogs of group i c irculatory arrest  was Induced for 
15 min by ventricular fibrillation resulting from electr ic  shock. The animals were resuscitated by external 
cardiac m a s s a g e ,  intra-arterial  infusion of 30-60 ml dextran with adrenalin, e lectrical  defibrillation of  the 
heart, and artificial ventilation of the lungs with oxygen. During the period of maximal depress ion of the minute 
volume of the heart and of strain on the compensatory mechanisms 3 h after resuscitation,  a load was applied: 
Dextran (36-37~ in a volume of about 40 ml /kg  (50% of the blood voIume) was injected intravenously at the rate 
of 100 ml /min  [10, 11, 15]. In three control experiments (group lc) dextran loading was applied to intact ani- 
mals.  In experiments on seven animals in group 2 the brain was completely  i sehemized  for 20 min by increas-  
ing the intracranial pressure  to 360-400 mm Hg as a result of injection of physiological  saline (37~ into the 
cisterna magma [9]. During cerebral  ischemla and until the restoration of effective spontaneous respiration, the 
lungs were artif icial ly ventilated with oxygen. If necessary  ephedrine solution was injected intravenously to 
prevent the arterial  pressure  (BP) from falling below 100 mm Hg. 

In the initial state and 1-4 h after resuscitat ion the principal parameters  of the central hemodynamics 
were determined: the minute volume of the heart (by the Fick methodT, the heart rate, the central venous pres -  
sure (CVP7, BP, and the circulating blood volume [2]. The cardiac and systol ic  indices, the working index of 
the left ventricle; and the total peripheral vascular  resistance were calculated. The oxygen balance of the body 
and the acid-base state of the blood were determined [8, 13]. 

EXPERIMENTAL RESULTS 

During resuscitation of the animals of group I, stable cardiac activity was restored on the average after 
3.7 • 0.5 rain (M im), and respiration and the corneal reflexes appeared after 5.6 ! 0.9 and 22.6 =~ 3.0 men, re- 
spectively. 

Three hours after resuscitation and immediately before loading, significant decreases were observed com- 

pared with their initial values in the cardiac (by 42%) and systolic (by 62%) indices and the working index of the 
left ventricle (by 30%), together with a simultaneous increase in the total peripheral vascular resistance (by 

108%7, the heart rate (by 53%) and BP (by 15%7. In all experiments except one the CVP was lowered. No signifi- 
cant changes were found in the oxygen consumption of the body or the circulating blood volume and its consti- 
tuents at that time (Table 17. 

The maximal increase in CVP during infusion of dextran and the rate of its decrease after the end of in- 
fusion were on the average similar in groups 1 and ic: the end of infusion corresponded to + 156 • 38 and + 150 • 

17 mm water, and after 1 h the corresponding values were 32 • 30 and ii • 15 mm water. Only in one experi- 
ment of group i, when clear signs of heart failure were present, did the CVP remain high (+145 mm water) for 
a long time. 
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Dextran loading caused a lasting increase in BP, the cardiac index, and the working index of the left 
ventr ic le  and a decrease  in the total per ipheral  vascular  res is tance  (Table 1). The absolute values of the 
hemodynamic indices after  loading in groups 1 and lc  did not differ significantly although the sever i ty  of the 
changes in group 1 was greater .  The increase in oxygen consumption in the animals of group 1 was much 
grea te r  than in the control.  It is also important to note that the outcome of resusci ta t ion  in group 1 (five of 
the seven dogs survived) was bet ter  than after  the corresponding te rminal  state but without adminis t rat ion of 
dextran [1[, when seven of 19 animals survived (P =0.05). 

The resul ts  of the experiments  of group 1 demonstrate  the preservat ion  of considerable functional r e -  
se rves  of the card iovascular  sys tem during the maximal decrease  in cardiac  output in the postresusci ta t ion 
period. By contrast  with the anticipated deeompensation of the circulation [14-17] at a time of sharp increase 
in the venous return,  the heart  was able to increase  its minute volume considerably and pers is tent ly  and to im- 
prove the supply of oxygen to the resusci ta ted  organism. This indicated that one cause of the gradual reduc-  
tion in the cardiac output af ter  resusci ta t ion could be a limitation of the re turn  of blood to the heart  as a resul t  
of a decrease  in the circulat ing blood volume. Such a decrease  evidently a rose  because of hypoxic dis turbances 
in the sys tem of capacitive vesse l s  and the per ipheral  circulation, and also because of dis turbances of neuro-  
humoral regulation of the circulation. 

The role of d i sorders  of nervous regulation in the post resusci ta t ion  dis turbances of the hemodynamies 
was studied in experiments  inwhich isolated cerebra l  ischemia was produced for 20 min, when the severi ty  of 
the morphological and functional brain injuries was the same as af ter  c i rcu la tory  a r r e s t  in the body as a whole 
for 12-15 rain [3]. During resusci ta t ion of the animals of group 2 respirat ion and the corneal  ref lexes reap-  
peared after  5.5 =E 1.2 and 14.5 • 2.8 min respect ively,  and all  seven dogs survived~ Compared with the initial 
level, the hemodynamics 1 h after  resumption of the circulat ion was charac te r i zed  by a decrease  in the stroke 
index (by 51%) and an increase  in the working index of the left ventricle (by 53%), in the heart  rate (by 28%), and 
in BP (by 21%). The cardiac  index did not differ significantly f rom the initial values (Table 1). A low cardiac  
output syndrome developed after  3 h, showing that it was connected with the dis turbances of neurohumoral  regu-  
lation and with the general pathological react ions ar is ing in the body during ce rebra l  hypoxia. 

Despite the substantial depression of the circulation,  the oxygen consumption of the body at this t ime was 
indistinguishable f rom initially in the animals of group 2 as  well as of group 1. The supply of oxygen to the 
t i ssues  was maintained through its increased utilization from the inflowing blood, in which the oxygen concen- 
t rat ion at all stages of the investigation was close to its initial value. Although, accord ing  to the data for the 
a c i d - b a s e b a I a n c e a n d  the level of organic acids in the blood, the dec rease  in cardiac  output was not accompanied 
by the development of secondary hypoxia of the body as a whole, hypoxia of individual vitally important organs 
and t issues  cannot be ruled out. 

The decrease  in cardiac  output in pos t resusci ta t ion  states is thus due to a combination of factors  among 
which, besides myocardial  injury, absolute and relative hypovolemia, etc.,  an important role is played by dis-  
turbances of the peripheral  circulat ion and of neurohumoral  regulation. The development of the low cardiac out- 
put syndrome ref lects  the end resul t  of their  interaction. The role of each of these fac tors  will cer ta inly va ry  
depending on the specific nature and severi ty  of the terminal  state, the effect iveness of the therapeutic measures ,  
and the individual res i s tance  of the organism. 
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ROLE OF THE STRIATUM IN THE MECHANISM 

OF SEROTONINERGIC EFFECTS ON THE COURSE 

OF METRAZOL CONVULSIONS IN RATS 

R .  M. A v a k y a n  UDC 616.8-009.24-092:616.831.32]-092.9 

The effect  of 5-hydroxytryptophan (5-HT) and parachlorophenyla lanine  (PCPA) on behaviora l  and 
e lec t roeneepha lographic  mani fes ta t ions  of me t r azo l  convulsions during e lec t r i ca l  s t imulat ion and 
des t ruc t ion  of the s t r i a tum was studied in f ree ly  moving ra ts .  The effect  of the compounds on 
the se i zu res ,  the myoclonic s p a s m s ,  and the sp ike-and-wave  act ivi ty  evoked by me t r azo l  did not 
depend signif icant ly on the functional s tate  of the corpus  s t r ia tum.  Meanwhile the abi l i ty of 5 -HT 
to ame l io ra t e ,  and of PCPA to aggrava te  the course  of the genera l ized  convulsion and the pos t -  
convulsive state was potentiated by s t imulat ion and abol ished by dest ruct ion of the s t r ia tum.  It 
is suggested that act ivat ion of the sero toninerg ie  mechan i sms  may be respons ib le  for  the abol i -  
tion of the convulsions that is obse rved  in the case  of exci ta t ion of the corpus  s t r ia tum.  

KEY WORDS: me t r azo l  convulsions;  se ro toninerg ic  substances ;  s t r ia tum.  

Serotoninergic  agents  a re  known to affect  the course  of me t razo l  convulsions: the serotonin  p r e c u r s o r  5-  
hydroxytryptophan (5-HT) blocks,  whereas  the inhibitor of serotonin synthesis  paraehlorophenyla lanine  (PCPA), 
on the other  hand, intensif ies  convulsions of this sor t  [4-6]. As the wr i t e r  showed p rev ious ly  [1-3], a change in 
the functional ac t iv i ty  of the s t r i a tum,  which has a high concentra t ion not only of dopamine and aeetylcholine,  
but a l so  of serotonin,  has a distinct influence on the c h a r a c t e r  of me t razo l  convulsions.  

It was t h e r e f o r e  decided to study the effect  of e lec t r i ca l  s t imulat ion and blocking of the s t r i a tum on the 
abi l i ty of 5-HT and PCPA to modify the va r ious  indices of convulsions evoked by met razo l .  

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

Expe r imen t s  were  c a r r i e d  out on 65 albino r a t s  of both sexes  weighing 180-300 g. The pharmacolog ica l  
agents  5-HT (100 mg/kg) and PCPA (300 mg/kg  twice at an in terval  of 24 h) were  injected in t raper i tonea l ly  0.5 
and 48 h r e spec t ive ly  before  provocat ion of the convulsions.  In the exper imen t s  of s e r i e s  I the effect  of s e r o -  
toninergie  drugs  on behaviora l  (30 rats)  and e lee t roeneephalographic  manifes ta t ions  (four rats)  of me t razo l  con- 
vuls ions were  studied in intact an imals ;  in s e r i e s  II the action of the drugs was a s s e s s e d  on the ant iconvulsive 
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