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The phase structure of the cardiac contraction was determined from the curves of pressure 
in the left ventricle and in the carotid artery, recorded synchronously with the ECG in rab- 
bits and rats during surgical pneumothorax and artificial respiration. A significant direct 
correlation was found between the duration of the cardiac cycle and the duration of the in- 
dividual phases of systole and diastole. 

The phase s t ruc ture  of the card iac  cycle in smal l  labora tory  animals  (rats and rabbits) ,  by cont ras t  
with l a rger  animals  (cats and dogs), has been inadequately studied. Considerable in teres t  in this subject  
has  been a roused  by investigations of the phase s t ruc tu re  of the card iac  cycle in rabbi ts  and ra ts  by the 
method of polycardiography [4, 6, 7]. However,  tile mos t  prec ise  method is that of determining the phase 
s t ruc ture  f rom the curves  of p r e s su re  within the chambers  of the hear t  and in the grea t  vesse ls .  

This paper descr ibes  the resul ts  of an investigation of the phase s t ruc ture  of contract ion of the left 
ventricle in normal  rabbits  and ra ts  f rom the curves  of p re s su re  in the left ventr ic le  and in the carot id 
a r t e ry .  

The in t racardiac  hemodynamics  and phase s t ruc ture  of cardiac  contract ion were investigated in 
acute exper iments  on 20 heal thyrabbi ts  and 20 ra t s  anesthetized with ehloralose and urethane (50 mg/kgand  1 
g/kg respect ively)  during openpneumothorax and art if icial  resp i ra t ion .  The curves  ofpre  ssure  in the left ven- 
t r ic le  and in the carot id a r t e r y w e r e  r ecorded  in each animal consecut ively and synchronously with the record ing  
of the ECG in leads I and II with a tape winding speed of 50-100 m m / s e c .  The curves  were r ecorded  on a 
type ]~KG 5-01 Hungarian f ive-channel e lec t rocard iograph .  The p res su re  was measured  by means of s p e -  
cial polyethylene ca theters .  The end of one of them, drawn out into a point like a needle, was introduced 
into the carot id  a r t e ry ,  while the other ,  connected to a needle, was inser ted into the left ventr icle.  Essen-  
tial conditions for the work were stabili ty of the zero  m a r k e r  and equal amplif icat ion during recording  of 
the p res su re  curves  in the left ventr ic le  and carot id a r t e ry .  F rom the curves  thus obtained, the p res su res  
in the various periods of the cardiac  cycle were determined in wave complexes of equal duration, and the 
phase s t ruc tu re  of cardiac  contract ion was studied~ 

The phase of asynchronous  contract ion was determined f rom the curve of in t raventr ieular  p r e s su re  
in the S--r  interval .  The point S coincided in time with the beginning of the Q wave of the ECG while the 
point r coincided with the apex of the R wave [1]. The point r also served as the origin of the phase of 
i somet r ic  contract ion (r--K). Its end determined the point K which lay on the curve of in t ravent r icular  
p ressu re  and its distance f rom the zero  line gave the diastolic p ressu re  in the carot id a r t e ry .  The point 
K also served as the origin of the phase of expulsion (K--h). Its end on the curve of in t ravent r icu lar  p res -  
sure  was determined by the point m, corresponding in t ime to the end of the T wave of the ECG [1]. This 
point was chosen because of the lack of c la r i ty  and somet imes  the absence of the ineisura  on the descending 
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TABLE I .  Phase Structure of Left-Ventricular Systole in Healthy 
~tbbits and Rats (in see; M~ m) 

Rabbits . . . . .  
P,&ts . . . . . . . 
P 

Rabbits ..... 
Rats..,.... 
P 

Rhythm(in Duration of periods of ven~ieular systole 
asynchronous R--R (msec) bead per EMS diastole con=action 

minute) 

0,20-+0,002 [ 300,0 
0,15-+0,005 400,0 

<O,001 

I 
0,122-+0,001 0,077-+0,002 ] 0,01-+0,00O! 
0,084-+0,004 0,065-+0,002 [ 0'01+--0'0001 

<0,001 <0,001 

isometric 

contractions 

0,049-+0,001 
0,031--+0,001 

<0,001 

Duration of periods of ventrieular systole 
period of expulsion I ventricular 
contraction I diastole 

0,059-+---0,001 
0,041-+---0,0001 
<0,001 

0,063-+0,0011 0,036-----0,001 
0,043-+0,001 0,031+0,001 

<0,001 <0,01 

atrial systole 

0,041-----0,001 
0,034-4-0,001 
<0,001 

TABLE 2. Re la t ionsh ip  be tween  Dura t ion  of  Ca rd i ac  Cont rac t ion  
and C o r r e s p o n d i n g  P h a s e s  in Rabbits  and Rats 

Phase of cardiac r R 1 y=ax+ b 
contraction 

Rabbits Expulsion (E) 0,618 0,338 E=0,333-RR--0,003 
Diastole (D) 0,729 0,500 }I=0,500 .RR--0,022 

Rats Isometric con- 
traction (I) 

Expulsion (E) 
Diastom (D) 

I 

0,734 
0,313 
0,911 

0,246 
0,302 
0,475 

H~0,246 -RR--0,004 
E=0,302 -RR--0,001 
~=0,475 .RR--O,O07 

* Coeff ic ient  of  r e g r e s s i o n .  

p a r t  of the cu rve  of p r e s s u r e  in the c a ro t i d  a r t e r y  used  to d e t e r m i n e  the end of  the expuls ion  phase  and the 
dura t ion  of  p r o t o - d i a s t o l e  [8]. The in te rva l  S- -n  c o r r e s p o n d e d  to the dura t ion  of  e l e c t r o m e c h a n i c a l  sys to le  
(EMS), i .e . ,  the t ime dur ing  which c on t r a c t i on  and expuls ion  take p lace .  

Dias to le  of the  v e n t r i c l e  c o r r e s p o n d e d  to the in te rva l  n- -h .  The point  h was  found by dropping  a p e r -  
pend icu la r  to the cu rve  of  i n t r a v e n t r i c u l a r  p r e s s u r e  f r o m  the middle  of the P wave of  the ECG. At r i a l  
sys to le  was  d e t e r m i n e d  by the in te rva l  h- -S .  

Unlike o the r  me thods  [4, 6, 7], this method  thus p r e d e t e r m i n e s  the s h o r t e r  dura t ion  of  the phase  of  
a s y n c h r o n o u s  con t r a c t i on  and the longer  du ra t ion  of the phase  of i s o m e t r i c  con t r ac t ion .  

The sys to l i c  p r e s s u r e  in the left  ven t r i c l e  of  r abb i t s  was  102 =~ 3.0,  and in r a t s  101 • 5.0 m m  Hg. The 
final d ias to l i c  p r e s s u r e  in the left  ven t r i c l e  was  2.0 • 0.2 and 1.3 • 0.4 m m  Hg,  r e s p e c t i v e l y .  The sys to l i c  
p r e s s u r e  in the ca ro t id  a r t e r y  was  v i r tua l ly  indis t inguishable  f r o m  the p r e s s u r e  in the lef t  ven t r i c l e ,  while 
the d ia s to l i c  p r e s s u r e  was  70.0 ~- 0.3 m m  Hg in rabb i t s  and 61.3 • 8.0 m m  Hg in r a t s .  

C o m p a r i s o n  of  these  r e s u l t s  (Table 1) with those  in the l i t e r a tu r e  [4, 6, 7] obtained by  the method of 
p o l y c a r d i o g r a p h y  with a c lo sed  t ho rax  showed that  in both r abb i t s  and r a t s  the phase  of  a s y n c h r o n o u s  con-  
t r a c t i o n  was  much  s h o r t e r  whi le  the phase  of  i s o m e t r i c  concen t r a t i on  was  much  longer .  

In the p r e s e n t  e x p e r i m e n t s  the open pneumotho rax  could have had a defini te  ef fec t  on the dura t ion  of 
the phases  of  sys to le  and d ias to le ,  fo r  with the f a s t e r  r h y t h m  there  was  a r e l a t ive  i n c r e a s e  in the dura t ion  
of the c o n t r a c t i o n  pe r iod  and sho r t en ing  of the expuls ion  pe r iod  [3, 8]. 

Despi te  the m a r k e d  d i f fe rence  in the dura t ion  of the pe r iods  of c o n t r a c t i o n  and expuls ion,  the d u r a -  
t ion of  the EMS a c c o r d i n g  to these  o b s e r v a t i o n s  was c lo se ly  s i m i l a r  to tha t  found by o the r  w o r k e r s  [4, 7]. 

To inves t iga te  the p r e s e n c e  and c h a r a c t e r  of  c o r r e l a t i o n  be tween  the dura t ion  of  the individual phases  
of  the c a r d i a c  cyc le  and the h e a r t  r a t e  in r abb i t s  and r a t s ,  the app rop r i a t e  coef f ic ien t s  of  c o r r e l a t i o n  (1") 
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were calculated (Table 2). As Table 2 shows, in rabbits the duration of the phases of expulsion and diastole 
was closely correlated with the duration of the cardiac cycle. In rats this correlation was observed for the 
phases of isometric contraction, expulsion, and diastole. 
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