
EXTRACARDIAL CHRONOTROPIC INFLUENCES 

ON THE HEART DURING FATIGUE 

A. I. Vaisman UDC 612.176.014.32 

Changes in the ca rd iac  rhy thm of 35 automobile d r i v e r s  at in te rva ls  during the working day 
were  studied by the methods  of va r ia t ion  pulsography and au to -co r re l a t ion  and spec t r a l  an- 
a lys i s .  The r e s u l t s  showed that changes in the c h a r a c t e r  of sympathet ic  and p a r a s y m p a t h e -  
t ic  influences on the h e a r t  r a t e  can be used  as  a p r i m a r y  index of fatigue.  

Since the h e a r t  r a t e  r e f l ec t s  to a ce r t a in  degree  the influence of work  done and of the environmenta l  
conditions in which it i s  done [7, 12, 15, 17, 18], it was  decided to study changes in the h e a r t  ra te  as an in- 
dex of the s tate  of ca rd iac  regula t ion in automobile d r i v e r s  in the course  of the working day. 

EXPERIMENTAL METHOD AND RESULTS 

The dispersion of durations of individual cardiac cycles, as well as certain other "scatter functions" 
[4] may reflect intimate processes of regulation in the body. Cybernetic and mathematical methods have 
been used by a number of workers to study the statistical characteristics of the cardiac rhythm [5, 8, i0, 
13], and this work has revealed a number of new laws governing regulation of the cardiac activity. 

Methods of va r ia t ion  pu l somet ry ,  calculat ion of the au to -co r re l a t ion  function, and spec t ra l  ana lys is  
of dynamic s e r i e s  of between 120 and 150 R - R  in te rva l s  of the ECG were  used  in this  invest igat ion [10]. 
The numer i ca l  va lues  of the in te rva ls  we re  t r a n s f e r r e d  to punched ca rds  and analyzed on a computer .  The 
ECG was  r eco rded  in r ecumbency  a f t e r  a r e s t  of 3 rain, in one of the s tandard  leads,  before ,  during and 
a f te r  work  (3-4 t i m e s  pe r  shift) in 35 d r i v e r s  working on the f i r s t  and second shifts .  

The invest igat ion r evea l ed  a r egu la r  slowing of the hea r t  ra te  toward  the end of the working day, 
suggest ing s t rengthening of the influence of the pa ra sympa the t i c  division of the autonomic ne rvous  sys t em 
on the hea r t .  
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Fig. 1. Var ia t ion pu l sog ram 
of subject  K. Before  (D,  during 
(2), and a f t e r  (3) work .  Absc i s sa ,  
TRR (see);  ordinate ,  N. 

This  hypothes is  is  a lso conf i rmed  by the c h a r a c t e r  of the va r i a t ion  curves ,  which a re  dis-  
p laced to the r ight  toward  the 8th-9th hour  of work  (Fig.  1). However,  
on the pulse r e c o r d s  shown, var iab i l i ty  of the durat ion of the card iac  
cyc les  is  not inc reased ,  as  would be expected  during predominance  of 
pa ra sympa the t i c  influences [3, 9, 11, 13] but, on the con t ra ry ,  it is r e -  
duced, a cha r ac t e r i s t i c  fea ture  of inc reased  tone of the sympathet ic  
sys tem.  In subject  K. (Fig.  1), for  instance,  the coeff icient  of va r i a t ion  
a f t e r  work for  3 h inc reased  f r o m  1.3 to 2.6 and r ema ined  at this  level  
until the 7th hour  of work,  but it fel l  to 2.1 toward the end of the shift. 
In addition, the blood adrenal in  level  of the subjects  rose  on the a v e r -  
age f r o m  13 to 15 pg %. Admittedly,  as  Kass i l '  [6] points  out, the blood 
adrenal in  level  often does not co r respond  to the "tuning" of the auto- 
nomic ne rvous  sys t em.  

Fo r  a more  detai led study of the changes in regula t ion of ca rd iac  
act ivi ty ,  the au to -co r re l a t ion  function was  calcula ted.  This  enabled 
per iodic  components  in the sequence of ca rd iac  in te rva l s  to be  dist in-  
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Auto-cor re la t ion  curve  of sub- 
Before  (A) and a f t e r  (]3) work .  
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guished. R e s p i r a t o r y  a r r h y t h m i a  is known to be inverse ly  p ro -  
por t ional  to the pulse r a t e  [6], and it can se rve  as  an index of 
the influence of the pa ra sympa the t i c  nervous  s y s t e m  [1, 2]. Slow 
waves  a re  cons idered  to be the r e su l t  of a f luctuating change in 
the level  of act ivi ty  of the cen t e r s  of the sympathet ic  nervous  
s y s t e m  [5], and it is  c la imed that  the r e t i c u l a r  fo rmat ion  of the 
b r a in  s t em pa r t i c ipa t e s  in the i r  fo rmat ion .  

The cons iderable  var iab i l i ty  of the au to -co r r e l a t i on  cu rv es  
obtained makes  the i r  ana lys i s  much more  difficult.  However ,  
by compar ing  the dynamics  of the indices obtained it was  pos-  
sible to detect  a d e c r e a s e  in the ampli tude of the r e s p i r a t o r y  
waves  and a s imul taneous  i nc r ea se  in the s tead iness  of the p ro -  
ce s s  toward the end of the working day (Fig. 2). 

Calculat ion of the values  of the au to -co r r e l a t i on  function 
of the pulse - the magnitude of the change at which the coeff i -  
cient  of co r r e l a t i on  has  the value 0.3 (0.3 m) and 0 (m 0) "- showed 
that  the l a t t e r  is  m o r e  sensi t ive .  It rose  significantly toward 
the end of the working shift (m 0 by 77.2% but 0.3 m by only 
2 2 . 6 ~ ,  indicating an inc rease  in the influence of the sympathe-  
t ic nervous  s y s t e m  and of all  the neuroendoer ine  m e c h a n i s m s  
connected with it. 

Spectral  ana lys i s  was used  to calcula te  the dis t r ibut ion of 
d i spe r s ions  of the card iac  in te rva l s  at different  f requencies .  As 
the r e s u l t s  given in Fig. 3 show, toward the end of the working 
day the re  was  a d e c r e a s e  in the r e s p i r a t o r y  f luctuat ions with a 
m a r k e d  i nc r ea se  in the d i spe r s ion  at the ze ro  point.  According 
to Baevski i  et  al.  [2], the magnitude of th is  index r e f l ec t s  the 
influence of cen t ra l  r egu la to ry  m e c h a n i s m s  on the function of 
the s ino -a t r i a l  node, effected through the sympathe t ic  division 
of the autonomic nervous  sys t em,  in these  invest igat ions d is -  
pe r s ion  at  the zero  point of the spec t rum inc reased  significantly 
toward  the beginning of the 4th hour  of work  on the ave rage  by 
17.7%, a f t e r  6 h of work  by 45.6%, and a f t e r  the end of work  
(8-9 h) by 55.7%. Fig. 3. Spectral  cu rves  of subjects  U. 

and N. Before  (1) and during (2) work .  
The invest igat ions thus showed that  work  act ivi ty  of d r i v e r s  

causes  s imul taneous  and prolonged act ivat ion of both the sym-  
pathetic and the pa ra sympa the t i c  divis ions of the autonomic nervous  sys t em.  Whereas  act ivat ion of the 
pa r a sympa the t i c  sys t em can be r ega rded  as a mani fes ta t ion  of an asthenic  r e sponse  due to the p e r f o r m a n c e  
of the complex  functions a s soc ia t ed  with driving an automobile ,  intensif icat ion of the ro le  of the sympathe-  
t ic nervous  sy s t em  re f l ec t s  the degree  of mobi l iza t ion of the body r e s e r v e s  in o rde r  to mainta in  working 
abil i ty at a sufficiently high level .  

Weakening of the adaptive and t rophic  influences of the sympathe t ic  division fac i l i ta tes  the onset  of 
changes  in higher  ne rvous  act ivi ty  c h a r a c t e r i s t i c  of fatigue,  as  was  conf i rmed  by the r e su l t s  of additional 
inves t igat ions  using methods commonly  employed in work  physioIogy (ehronore f lexomet ry ,  the c r i t i ca l  f r e -  
quency of fusion of f lashes ,  c a r r y i n g  capaci ty  of the v isual  sys tem,  r e sponse  to a moving object ,  and so on). 
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