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tn modern  ca rd io logy  the method of phase  ana lys i s  of the ca rd i ac  cycle  is being used i nc r e a s i n g ly  
for  the a s s e s s m e n t  of ca rd iac  function [1, 2, 4]. This method, by de t e rmin ing  the r e l a t ionsh ips  between 
the va r ious  per iods  of the cycle,  enables  the con t rac t i l e  ab i l i ty  of the myocardiurn  to be a s s e s s e d  [5, 81. 

Although the act ion of hypothermia  on the body and, in p a r t i c u l a r ,  on the hear t  has been widely  in-  
ves t iga ted ,  insuff ic ient  at tention has been paid to the study of changes in the s t r u c t u r e  of left  v e n t r i c u l a r  
sys to le  under the influence of cooling. The c o m p a r a t i v e l y  few pape r s  on this subjec t  a r e  incomplete  and 
contain con t r ad i c to ry  informat ion  [10, 11]. 

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

In 17 expe r imen t s  the effect  of cool ing on the s t ruc tu re  of left  v e n t r i c u l a r  sys to le  was s tudied in a 
h e a r t - l u n g  p repa ra t i on  (HLP) of dogs, t he reby  excluding t h e r m o r e g u l a r i t y  changes in the ac t iv i ty  of the 
hea r t  dur ing cooling, which take place dur ing  the development  of hypo the rmia  in an an imal .  The volume of 
blood reaching  the p r epa ra t i on  f rom the venous r e s e r v o i r  was mainta ined at  a constant  level  by a spec ia l  
dos ing device [7], the "venous" p r e s s u r e  be ing  kept  constant .  To analyze  the cycle  of c a r d i a c  cont rac t ion ,  
synchronized  record ings  were  made of the E CG and of the p r e s s u r e  inside the left  ven t r i c l e  and aor ta ,  
m e a s u r e d  by a type EM-2-01 e l e c t r o m a n o m e t e r  (Hungary), on a type N-106 osc i I lograph .  The ca the t e r s  
were  in t roduced into the left ven t r i c l e  and the orif ice of the aor ta .  The minute volume was a lso  r e c o r d e d  
by P. M. StarkovTs method [6], the p r e s s u r e  in the left  a t r ium was measu red ,  and the mean dynamic  p r e s -  
sure  in the ao r t a  was ca lcula ted  by I. M. Sechenov 's  method.  The p r epa ra t i on  was cooled to 20 ~ 

The per iod  of concentra t ion of the m y o c a r d i u m  was de t e rmined  f rom the in te rva l  between the Q 
wave on the ECG and the beginning of the r i s e  of p r e s s u r e  in the ao r t a .  The dura t ion  of asynchronous  
cont rac t ion  was m e a s u r e d  f rom the Q wave to the beginning of the sha rp  r i s e  of p r e s s u r e  within the vent-  
t i t l e .  The per iod  of i s o m e t r i c  con t rac t ion  was m e a s u r e d  f rom the beginning of the r i s e  of p r e s s u r e  in the 
left  ven t r i c l e  to the beginning of the r i s e  of p r e s s u r e  in the aor ta ,  and the e jec t ion pe r iod  f rom the begin-  
ning of the r i s e  of the i n t r a - a o r t i c  p r e s s u r e  curve to the beginning of the i n c i s u r a  on this curve .  The d u r a -  
t ion of total  and mechanica l  sys to le  and var ious  ca lcu la ted  indices  were  also d e t e r m i n e d ,  the mechan ica l  
coeff icient ,  defined as the ra t io  between the total  t ime of cont rac t ion  and the e jec t ion  t ime ;  the i n t r a s y s -  

TABLE I. Changes in the Duration of the Phases 
of Cardiac C 7cle during Cooling (M• 

3 7 - - 3 5  ~ 3 1 - - 2 9  ~ 2 6 - - 2 4  ~ 2 2 - - 2 0  ~ 

0,40_____0,015 

0,26+-0,01 
O, 20+-0,009 

o, 14+-0,004 
o, 06+-0,002 

O, 08+-0,003 

0,12+-0. 006 
~ 0.14+-0,019 

0,69+-0,023 

0,44+-0,02 
0,36+_0,018 

O, 18:i:0,005 
0,08___0,003 

o, 10+__0,005 

0,26+-0,0i 4 
0,25__+0,033 

1,18_+_0,075 

0,66+-0,03 
0,55+-__0,028 

0,21_+0,013 
0, 11_--+-0,005 

O, 10• 

O, 45 ~.~.0,031 
0,52-+-0,065 

Duration of 
cycle 
Total systole 
Mechanical 
systole 
Tbtal period 
Asynchronous 
contraction 

Isometric con 
traction 

Ejection 
Diastole 

1,67+0, 10 

0,82_+0,05 
0,69+_0,047 

0,20• 
0, 13+-0,006 

0,07+-0,012 

0,62+-0,047 
0,85+-0,079 

folio index, defined as the r a t io  between the e j e c -  
tion t ime and the length of mechan ica l  sys to le  (in 
percent ) ;  the ra te  of i n c r e a s e  of the i n t r a v e n t r i c u -  
l a r  p r e s s u r e  dur ing  i s o m e t r i c  cont rac t ion ,  defined 
as the ra t io  between the d i f ference  between d ias to l i c  
p r e s s u r e s  in the ao r t a  and v e n t r i c l e  and the d u r a -  
tion of i s o m e t r i c  contrac t ion;  the volume ve loc i ty  
of e jec t ion  defined as the ra t io  between the sys to l i c  
volume and the dura t ion  of e jec t ion .  The work d u r -  
ing sys to le  was ca lcu la ted  by mul t ip ly ing  the di f -  
fe rence  between the mean p r e s s u r e  in the ao r t a  
and left  a t r i um (in em H20) by the sys to l ic  volume 
(in ram). 

Depar tment  of Normal  Physiology,  Kuban Medical  Inst i tute ,  Kra snoda r  (P re sen t ed  by A c a d e m i c i a n  
V. V. Par in ) .  T r a n s l a t e d  f rom Byulleten t t~ksper imenta l 'no i  Biologi i  i Meditsiny,  Vol. 63, No. 6, pp. 18- 
21, June, 1967. Or ig ina l  a r t i c l e  submit ted  F e b r u a r y  25, 1966. 
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Changes in the ECT (top curve) in the in t ra -aor t ic  p ressure  
(2nd curve f rom the top), and p ressu re  within the left ventricle 
(bottom curve) during cooling. 

TABLE 2. Changes in Certain Indices of Left Ventricular 
Systole during Cooling (M• 

Index ] 37 -35~ 31-29~ 26-24~ 22-20~ 
i 

Mechanical coeffi- 0,85~0,06 
cient 

Intrasysmlic index 1 60i2,0 

Rate of increase of / 1168-~68,9 
intraventricular pres- / 
sure (in mm Hg/sec) i 

Volume velocity of I 17,09:i:2,17 
ejection (in ml/sec) 

1,44___0,06 

73+_0,7 

860• 

14,23~-1,50 

2,14~0,17 

81+_1,0 

739• 

11, 95• 

3,10+__0,48 

89__.1,0 

792~96,8 

8,65• 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

As the temperature  fell, the duration of the cycle increased progress ive ly  (Table 1, figure). As the 
total duration of the cycle increased,  so also did the duration of both systole and diastole of the left ven- 
tr icle.  This was accompanied by a marked internal reorganizat ion of systole; a comparat ively small  in-  
c rease  in the period of contraction and a much la rger  increase in the ejection time were observed.  The 
increase in the ejection time remained stat is t ical ly significant (P < 0.001) * until  25 ~ With a further  de- 
c rease  in the temperature ,  the period of contraction no longer continued to increase,  because the period 
of i sometr ic  contraction was shortened. The decrease  in the period of i sometr ic  contraction at t empera -  
tures below 25 ~ was associated with a fall in the mean in t ra -aor t ic  p ressu re  f rom 104 (m • mm at 
37-35 ~ to 66 (m ~=4.8) mm at 22-20 ~ 

When the changes in the contracti le power of the heart  under the influence of cooling were a s sessed  
on the basis  of the resul ts  of phase analysis of left ventr icular  systole, two at f i rs t  sight contradic tory  ten- 
dencies were noticed. On the one hand, the ejection time increased,  leading to an increase  in the mechani-  
cal coefficient and in the intrasystol ic  index (Table 2). This increase  in the duration of ejection, together 
with the change in the ratio between the ejection t ime and the total period of contraction, and also between 
the ejection t ime and the duration of mechanical systole i~ generally taken to be a sign of improvement  in 
the working capacity of the hear t  and of an increase  in the efficiency of cardiac contract ion [3-5]. On the 
other hand, the rate of increase  of the int raventr icular  p ressure  fell during the period of i sometr ic  con- 
traction and the volume velocity of ejection of blood also diminished (Table 2). These facts demonstrate  a 
reduction in the contractile power of the myocardium under the influence of cooling. 

Calculation of the work done by the hear t  during systole showed that it amounted to 31.19 (m• 
g / c m  at the initial temperature ,  45.36 (m• g / cm at 31-29~ (m• g / c m  at 26-24 ~ and 48.29 
(m:~6.60) g / c m  at 22-20 ~ 

�9 The value of P was calculated by the method of direct  differences.  
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Consequently, a considerable increase in the work of the heart was observed down to 30 ~ (P < 0.001). 
Other investigators have reported an increase in the systolic work during cooling. On this basis, the view 
has been expressed in the Western literature that moderate hypothermia improves the working capacity 
of the isolated heart. In a survey, for instance, Badeer [9] reaches the following conclusion: hypothermia 
improves the contractile power of the myocardium; the total working capacity of the isolated heart is in- 

creased during moderate hypothermia, I consider that this conclusion is not justified. 

As a result of hypothermia, the automatism of the heart is depressed, leading to slowing of the heart 
rate. The duration of systole is especially increased. If the inflow is constant, this effect is accompanied 
by considerable filling of the heart with blood and by an increase in the stroke volume in accordance with 
Starling's Law. This explains the increase inthe ejection time and the increase in the ejection time and 
the increase in the systolic work. The Starling mechanism masks the decrease in the contractile power of 
the myocardium developing as the temperature falls to 30 ~ 

The processes of automatic regulation of the cardiac activity thus compensates, up to a certain limit, 
the decrease in the contractile power of the myocardium taking place as a result of the direct effect of 
temperature on the metabolic processes. 
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