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Figure 1 -- Ef feet of temperature on spontaneous
heart rate of isolated perfused rat
hearts. n = 24

Hearts were also paced at each tempera-
ture and certain excitability characteristics
were determined. During and immediately
following a regular beat, the heart goes
through brief phases during which it is first
inexcitable {or has decreased excitability!
and then is briefly hyperexcitable. These
phases are indicated in Figure 2. If the
heart is stimulated during the refractory
period, there will be no response; if it is
stimulated during the hyperexcitable period,

Figure 2 � Schematic representation of
excitability characteristics of the
heart during a single beat.

extra beats or even fibrillation may occur.
In the present study we determined the dura-
tion of these periods by introducing extra
stimuli at varying intervals after a regular
driven beat and measured the effect of
temperature on their durations. The results
are indicated in the graph on the left of
Figure 3, The points on the graph represent
the mean + SEM of the time after the initial
stimulus when the refractory period  open
circles! or hyperexcitable period  closed
circles! ends. Note that although the re-

Figure 3 � Effect of temperature on the duration
of the refractory periods and
hyperexcitable periods of isolated
perfused rat hearts in the absence
 left graph! aud presence  right graph!
of propranolol in the perfusate. n = 2A

fractory period increases with decreasing
temperature, the hyperexcitable period also
increases.  The actual duration of the
hyperexcitable period is reflected by the
distance between the two lines.! This
phenomenon may account for the increased
tendency of the hypothermic heart to de-
velop ventricular fibrillation especially
if there are external factors that may evoke
extra beats that could occur during the

hyperexcitable period.

There have been suggestions in the litera-
ture that plasma levels of catecholamines
 norepinephrine and epinephrine! may be in-
creased during hypothermia and may account for
the increased susceptibility of the heart to
develop arrhythmias  Warner, et al. 1970; Hoff-
man, et al. 1955!. Since, in our preparation,
the perfusate does not contain any catechola-
mines, this mechanism cannot account for the
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prolonged hyperexcitable periods found at low
temperatures. However, isolated hearts do con-
tain significant amounts of norepinephrine with-
in the sympathetic ~erve endings present in the
muscle which may be released by the electrical
stimulus pacing the hearts  Blinks 1974!. In
order to determine whether this norepinephrine
might be contributing to the excitability
characteristics of the heart, the experiments
were repeated with propranolol 10 M, added
to the perfusate. Propranolol blocks the effect
of catecholamines on S-receptors in the heart
and eliminates the usual increase in heart rate
or contractile force that occurs in the presence
of catecholamines. The results are indicated
in the graph on the right in Figure 3.

Propranolol significantly prolonged the
hearts' refractory periods and decreased the
duration of the hyperexcitable periods at all
temperatures. This suggests that the endo-
genous catecholamines may indeed play an
important role in the cold-dependent prolonga-
tion of the hyperexcitable period and the
development of ventricular fibrillation,
Furthermore, these studies strongly suggest
that 8 � blockers such as propranolol may be
useful in preventing victims of accidental
hypothermia from developing this fatal
arrhythmia.

These studies indicate that hypothermia
has a direct effect on the heart that is
independent of any accompanying changes in
neural or humoral input, These changes
include a temperature-dependent decrease in
duration of refractory and hyperexcitable
periods, The increase in the hyperexcitable
period that occurs at low perfusate tempera-
tures could account for the increased
susceptibility of cold hearts to develop
ventricular fibrillation. Furthermore, the
ability of the B-blocker, propranolol, to
decrease the hyperexcitable periods in these
preparations strongly suggests that use of
adrenergic-blocking agents should be considered
when treating victims of accidental hypothermia,
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