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In acute expe r imen t s  on dogs t ho raco tomy  was p e r f o r m e d  and a t r ia l  f lu t te r  and f i b r i l l a -  
tion induced. The threshold  levels  of cu r ren t ,  energy,  and charge  requ i red  to abolish 
these  a r r h y t h m i a s  w e r e  de te rmined  in the c a s e  of d i r ec t  appl icat ion of a monopola r  square  
pulse ranging in durat ion f r o m  1 to 15 m s e c  were  de te rmined .  The values of the c u r r e n t  
and energy  def ibr i l la t ing the a t r i a  when the e lec t rodes  were  applied d i rec t ly  to them were  
min imal  if the durat ion of the pulse  was 8 msec :  113•  mA and 10.4•  m W � 9  sec ,  
r e spec t ive ly ,  to abol ish  f lu t te r  and 275 �9 18.2 mA and 62.3 + 9.0 m W � 9  sec  to abol ish f ib r i l l a -  
tion. The  s t rength  of the cu r r en t  r e s t o r i n g  the nomotopic rhythm by d i rec t  s t r i a l  def ib-  
r i l la t ion was only one-f i f t ie th  of the s t rength  of the cu r r en t  p rev ious ly  es tabl i shed for  
t r an s tho rac i c  a t r ia l  def ibr i l la t ion in dogs.  The ef fec t iveness  of d i rec t  a t r ia l  de f ib r i l a -  
t ion under  expe r imen ta l  conditions points to the need fo r  development  of an adequate m e t h -  
od fo r  i ts  c l inical  applicat ion.  
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The bas ic  pr inc ip le  of def ibr i l la t ion of the h e a r t  is synchronizat ion  of excitat ion of the individual ce l l s  
of the myoca rd ium by means  of a powerful  e l ec t r i ca l  impulse  [2]. This  method has become widely used not 
only to abol ish ven t r i cu l a r  f ibr i l la t ion,  but a lso  for  the t r e a t m e n t  of a t r i a l  f ibr i l la t ion [2, 7, 8]. However ,  
during a t r i a l  def ibr i l la t ion,  s ingle  impulses  of the s a m e  p a r a m e t e r s  as those used  to abolish ven t r i cu l a r  f ib -  
r i l la t ion continue to act  on the whole h e a r t  [2, 6, 8, 11]. Yet the re  is abundant evidence to show that  the appl i -  
cat ion of a s t rong  cu r r en t  (20-50 A), e spec ia l ly  if r epea ted  pulses  have to be applied, can give r i s e  to se r ious  
compl ica t ions  [4, 9, 12]. 

In the p r e sen t  w r i t e r s '  opinion, during a t r i a l  def ibr i l la t ion it is poss ib le  to apply e lec t r i ca l  pu lses  not 
to the whole hear t ,  as is the cu r r en t  p rac t i ce ,  but d i rec t ly  to the a t r ia .  

In the invest igat ion desc r ibed  below values of the c u r r e n t  (I), energy  (E), and charge  (Q), essent ia l  for  
abol ishing a t r i a l  f ibr i l la t ion  and f lu t ter  when a squa re  e lec t r i ca l  pulse  between 1 and 15 m s e c  in durat ion was 
applied d i rec t ly  to the a t r ia ,  w e r e  de te rmined  in expe r imen t s  on dogs. 

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

Exper imen t s  we re  c a r r i e d  out on nine dogs weighing 12-20 kg and anes thet ized with pentobarbi ta l  (30 
mg/kg ,  in t ravenously) .  The an imals  we re  a r t i f ic ia l ly  venti lated,  thoraco tomy was p e r f o r m e d ,  the p e r i c a r d i u m  
opened, and the hear t  exposed.  At r ia l  f ibr i l la t ion and f lu t te r  we re  induced by shor t  e l ec t r i ca l  s t imula t ion  of 
the a t r i a  a f t e r  mechanica l  des t ruc t ion  of the s inoa t r ia l  node [1]. F o r  s t imulat ion,  squa re  pulses  2 msec  in 
duration, with a f requency  of 20 Hz, and with a vol tage 2.5 t imes  above the diastol ic  threshold  were  applied 
by b ipolar  e l ec t rodes .  In s o m e  exper imen t s ,  to mainta in  a t r i a l  f ibr i l la t ion,  two or  th ree  drops  of 0.1% m e t h -  
acholine solution were  applied to the s u r f ace  of the a t r i a  o r  1 ml  of 0.05% neos t igmine  solution was injected 
in t ravenously .  Cardiac  act ivi ty  was moni tored  by record ing  the ECG in s tandard  lead IL 

E lec t r i ca l  a t r i a l  def ibr i l la t ion was c a r r i e d  out by means  of two e lec t rodes  made f rom soft  thin wi re  
gauze. The shape and s ize  of the e lec t rodes  were  chosen individually and they were  applied d i rec t ly  to the 
r ight  o r  left  a t r i um so that  the g r e a t e r  p a r t  of the a t r i a  was beneath them. The e lec t rodes  were  s ecu re ly  

L a b o r a t o r y  of Exper imen ta l  Cardiology,  P. K. Anokhin Inst i tute of Normal  Physiology,  Academy of Med- 
ical  Sciences  of the USSR, Moscow. (Presen ted  by Academic ian  of the Academy of Medical Sciences of the 
USSR A. M. Chernukh.) T rans l a t ed  f r o m  Byulleten '  l~ksper imenta l 'noi  Biologii i Meditsiny, Vol. 85, No. 4, pp. 
397-400, April ,  1978. Original  a r t i c l e  submit ted  July  14, 1977. 

0007-4888/78/8504-0427507.50 �9 1978 Plenum Publishing Corpora t ion  427 



TABLE 1. Thresho ld  Values of Square Pulse ,  8 m s e c  in Duration, Abolishing Atr ia l  
F lu t t e r  (A) and Fibr i l la t ion  (B) by Di rec t  At r ia l  Def ibr i l la t ion in Nine Dogs (M=tm) 

Atrial flutter 

Atrial fibrillation 

Voltage (V)*, 
in V 

11,6+1,2 
(7,6--16,6) 

28,3_I ,7 
(24--32,6) 

Charge (Q), in 
Currentin mA (1)% mA. sec 

113+13,7 l 0,9-1-0,11 
(74--173) (0,59-- !,38) 
275-]- 18,2 2,2+__0, | 4 
(230--320) (1,84--2,56) 

Energy (E), in 
m W  �9 s e c  

10,4 2,6 
(4,4--22,9) 
62,3+9,0 
(44,1--83,4) 

*The r e s i s t a n c e  of the a t r i a  during appl icat ion of the pulse va r i ed  be tween  83 and 120 
~2, mean  103~2~2. 
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Fig. 1. Curves  showing threshold  s t rength  of cu r r en t  
(I), energy  (E), and cha rge  (Q) as  functions of durat ion 
of monopolar  squa re  pulse  (t), abol ishing a t r i a l  f lu t te r  
in a dog weighing 13 kg. Absc i s sa ,  pu lse  durat ion (in 
msee) ;  ordinate,  th reshold  va lues  of c u r r e n t  (in mA), 
energy  (in mW. sec) ,  and charge  (mA �9  during d i rec t  
appl icat ion of pulse  to a t r ium.  

fixed to the myoca rd ium.  Square monopolar  pulses  with a durat ion of between 1 and 15 m s e c  were  used for  
defibr i l la t ion.  The exper imen ta l  appara tus  cons is ted  of a square  pulse gene ra to r ,  an emi t t e r  fol lower,  and a 
dc source ,  so that  square  pulses  up to 600 mA could be  obtained, with a load of 100 ~. 

Thresho ld  values  of c u r r e n t  (I) and vol tage  (V) w e r e  es tab l i shed  during appl icat ion of pulses  of s t epwise -  
inc reas ing  s t rength.  The r e su l t s  we re  r eco rded  on a two-channel  $1-17 osc i l loscope .  The cu r r en t  was d e t e r -  
mined by measu r ing  the vol tage drop  on a 1~ r e s i s t o r ,  connected in s e r i e s  with one of the e l ec t rodes .  The 
vol tage was de te rmined  by connecting the osc i l loscope  in para l l e l  into the e lec t r ica l  c i rcui t .  The values of the 
cu r r en t  and vol tage stopping a t r i a l  f lu t te r  and f ibr i l la t ion fo r  each pulse  durat ion (t) we re  used to ca lcula te  the 
charge  (Q) by the equation Q = It, and the energy  (E) by the equation E = IVt. 

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

The expe r imen t s  showed that  e l ec t r i ca l  pu lses  of sui table  p a r a m e t e r s ,  if applied d i rec t ly  to the a t r ium,  
abol ished a t r i a l  f ibr i l la t ion and f lu t te r  and r e s t o r e d  the nomotopic rhy thm of the an ima l s '  ca rd iac  act ivi ty.  
Repeated m e a s u r e m e n t s  of the def ibr i l la t ing c u r r e n t  during appl icat ion of a pulse  of the s a m e  dura t ion  gave 
the minimal  threshold  values of the cu r r en t  abolishing a t r i a l  f lu t te r  and f ibr i l la t ion.  Individual d i f fe rences  in 
threshold  values  of the c u r r e n t  were  obse rved  in d i f ferent  an imals .  The l imi t s  of va r i a t ion  of the values  of 
the cur ren t ,  vol tage,  energy,  and cha rge  fo r  an 8 - m s e c  pulse  abolishing a t r ia l  f ibr i l la t ion and f lu t ter  in dogs 
a r e  given in Table  1. They show that  much lower  va lues  of cu r ren t ,  voltage,  charge ,  and energy  a r e  requ i red  

to abolish a t r i a l  f lu t te r  than f ibr i l la t ion.  

Dete rmina t ion  of the threshold  def ibr i l la t ing values  of the cur ren t ,  charge ,  and energy  with a change in 
the durat ion of the pulse  f r o m  1 to 15 m s e c  showed how they depend on the durat ion of action [I = f(t), Q = f(t), 
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Fig. 2. Curves showing threshold strength of current 
(I), energy (E), and charge (Q) as functions of duration 
of monopolar  pulse (t) based on averaged data of d i rec t  
a t r ia l  defibri l lat ion in nine dogs. Abscissa ,  pulse du r -  
ation (in msec);  ordinate, threshold s t rength of cu r ren t  
(D, energy (E), and charge  (Q) in % of corresponding 
values for  a pulse 8 msec  in duration. 

E = f(t)]. The c h a r a c t e r  of this relat ionship for  abolition of atr ial  f lut ter  and fibri l lat ion was the same.  Curves 
reflecting the values of the threshold strength of cur ren t  (I), energy (E), and charge  (Q) as a function of du ra -  
tion of a monopolar  square  pulse (t), plotted f rom the absolute data of one experiment,  a re  given in Fig. 1. Av-  
eraged curves  based on data of nine experiments  a re  i l lustrated in Fig. 2. Threshold values of current ,  
charge,  and energy corresponding  to a definite pulse duration a re  given in this f igure as percentages  of the 
current ,  charge,  and energy corresponding  to a pulse with a duration of 8 msec .  As Figs.  1 and 2 show, the 
threshold s t rength of cur ren t  (]) was g rea t e s t  for  a pulse 1 msec  in duration. With an increase  in the pulse 
duration f rom 1 to 8 msec  the strength of the cu r ren t  gradually fell, but with a fur ther  increase  in pulse 
duration, the s t rength of the cur ren t  remained prac t ica l ly  unchanged. The function has two minima: the 
energy was minimal for pulses with durations of 1 and 8 msec.  The charge (Q) increased with an increase  
in pulse duration. 

The rec iproca l  relationship between cur ren t  strength and pulse duration between 1.25 and 8.3 msee  was 
d iscovered previously  during vent r icu lar  defibri l lat ion by monopolar  and bipolar  sinusoidal pulses [2, 5, 10]. 
The resul ts  of the present  investigation indicate a s imi l a r  relat ionship during the abolition of atr ial  f lutter 
and fibril lation by di rec t  action of a monopolar  square  pulse on the atr ia .  It can accordingly be concluded 
that e lect r ical  defibril lation of the atr ia ,  like defibril lation of the ventr ic les ,  obeys a s t r e n g t h - d u r a t i o n  of 
st imulation law. 

The c r i t e r i a  fo r  determining the optimal pulse durat ion must  be the minima of the functions I = f(t), 
E = f(t), and Q =f(t). The r i sk  of injury to the myocard ium is reduced at the energy minimum because of a 
dec rease  in the thermal  effect. At the charge  minimum the effect of t issue e lec t ro lys is  is reduced. The 
minimum of cur ren t  amplitude must  be regarded  as the most  important  cr i ter ion,  because of a high cu r ren t  
strength, even with minimal  energy and charge,  can cause injury to the myocard ium and impair  its contract i le  
power [5, 8, 10]. 

According to the resul ts  of this investigation, the optimal duration of the monopolar  square  pulse for  
d i rec t  atr ial  defibril lation is 8 msec .  Atrial  defibril lation with a pulse of this duration cor responds  to minima 
of cu r ren t  and energy,  but the charge  is very  high. One possible way of overcoming the e lec t ro lys is  effect is 
by using bipolar  pulses [3, 5, 11]. 

As a resul t  of these investigations the optimal duration of the monopolar  square  pulse and threshold 
values of current ,  energy,  and charge  required  for  the abolition of atr ial  f ibri l lat ion and f lut ter  by di rec t  ap-  
plication of e lectrodes  to the a t r ia  were  thus determined.  Atr ia l  f ibril lation by this method requires  a much 
smal l e r  cu r r en t  than t rans thorac ic  defibrillation. According to the wr i te r s  f data, t rans thorac ic  atr ial  defib- 
ri l lat ion in dogs by means of a bipolar  sinusoidal pulse with a duration of 10 msec  was effective if the strength 
of the cur ren t  was 13.1 =~1.2 A, and f lut ter  was abolished by a cur ren t  with a strength of 5.2 • 0.3 A. These 
values of the cur ren t  a re  a lmost  50 t imes g rea t e r  than the mean cu r ren t  required for  d i rec t  atrial  def ibr i l la-  
tion (Table 1). 
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Signs of premature  maturation and activation of the pituitary-adrenocortical  system were 
observed in the ear ly  postnatal period (70-90 h) in the progeny of rats adrenolectomized 
1-3 and 7-9 days before parturition. The s t ronger  response to s t r e s so r  action than in the 
control (progeny of rats undergoing mock adrenalectomy and intact rats) was evidence of 
premature  maturation of their  suprahypophyseal regulatory mechanism also. Signs of func- 
tional exhaustion in the pi tui tary-adrenocort ical  system and also in the thyroid gland were 
found in sexually mature (6-10 months) rats obtained from adrenalectomized females. 

KEY WORDS: adrenalectomy; progeny; adrenals; functional exhaustion. 

Experimental investigations and clinical observations have demonstrated the effects of pathology of the 
maternal endocrine glands on the development and formation of the functions of the fetal glands [2, 4, 5, 8, 13]. 
In the postnatal period the consequences of these effects have been inadequately studied. Yet data on this prob- 
lem could help to promote a bet ter  understanding of the mechanism of origin of some congenital endocrin- 
opathies, andwould be important for the choice of tactics in prevention and treatment.  

In the investigation described below the effect of adrenalectomy on pregnant rats on the state of the 
pituitary-adrenocortieal  system of their progeny was studied. 

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

Altogether 420 animals of the f i rs t  generation obtained from noninbred albino rats,  either adrenalec- 
tomized 1-3 and 7-9 days before parturition, subjected (at the same time) to mock adrenalectomy, or intact, 
were investigated. The state of adrenocortical function was assessed in the newborn {70-90 h) and sexually 
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