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Mechanisms that may be responsible for this
relationship, and their bearing on certain
problems of iz vivo penicillin resistance, have
been discussed.
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Anesthetized dogs subjected to acute pro-
gressive hypothermia succumb in one of 3
ways(1). TUnder pentobarbital anesthesia
the majority (60%) terminate in ventricular
fibrillation (VF) at heart temperatures of
25°-19°C, terminus usually being preceded
by extrasystolic activity. A proportion
(15%) terminate in asystole at 18°-15°C.
The remainder (25%) exhibit a period of
asystole of variable duration (5-80 sec.) or an
exceedingly slow heart rate (less than 16 b.p.
m.) either of which is followed by VF. The
latter type of death has been termed “asys-
tolic fibrillation” (AF) and occurs at tem-
perature range intermediate between the 2
former groups, i.e. 20-17°C(1).

It would be of interest to discover whether
each group represented a distinct segment of
the population or whether each type of death
was a direct consequence of the terminal tem-
peratures which were otherwise distributed
along a predictable curve. Statistically the
question is whether the population of animals
employed was homogeneous regarding suscep-
tibility to VF, i.e. whether terminal tempera-
tures are uniformly distributed as opposed
to a distribution exhibiting bi- or trimodali-
ties. This could be determined only after a
large group of “control” experiments had ac-
cumulated. Such a series of animals, simi-

larly treated, is now available to make the
analysis possible.

Methods. Results from a total of 110 mon-
grel dogs of both sexes, weighing between 8-
18 kg, are included. All animals were anes-
thetized with pentobarbital (30-35 mg/kg)
and cooled to terminus by immersion in an
iced bath. Details of the method have been
previously reported(2). Heart temperatures
were measured thermoelectrically with a
catheter thermocouple inserted into the right
auricle via the right jugular vein. Rectal
temperatures were measured with a rectal
thermocouple. The accuracy of the tempera-
ture recording instrument is within =+ 0.5°C.
All animals were allowed to breathe spon-
taneously until a heart temperature of 25 =+
1°C was reached. At lower temperatures,
they were respired artificially by means of a
positive pressure respirator.

Results. When all terminal heart tempera-
tures were plotted in a frequency nomogram,
it became apparent that they deviated greatly
from a Gaussian distribution. Nevertheless
there was no evidence of bimodality to sug-
gest that the animals terminating in asystole
or asystolic fibrillation were derived from a
different population from that showing extra-
systoles followed by VF.

A simple transformation of the terminal
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Log-normal distribution of terminal tem-
peratures in hypothermic dogs.

FIG. 1.

temperatures into their logarithmic equiva-
lents revealed that this distribution. like many
other biological variables. was in fact a log-
normal distribution(3): i.c. the logarithms of
the terminal temperatures were distributed
along a normal Gaussian curve. Thus a pro-
bit-log temperature plot according to the
method suggested by Gaddum(3) gives a
good approximation of a straight line (Fig.
1) which is verified by a chi-square test using
the method of maximum likelithood(4).

Similar results were obtained from the
analysis of the rectal temperatures although
the slope of the line and the median are dif-
ferent. This would be expected since it is
known that in moderate hypothermia rectal
temperatures are usually lower than heart
temperatures and the 2 measurements show
no strict parallelism during further cooling
(2).

The median lethal temperature (LT;,) was
found to be 20.1°C for heart temperatures
and 19.8°C for rectal temperatures. The
95% confidence limits respectively were: 21.3
to 18.9 and 23.8 to 17.8.

Discussion. The analysis indicates that
under the experimental conditions employed,
the terminal temperatures of hypothermic

HYPOTHERMIA

dogs are distributed uniformly along a log-
normal distribution curve with no evidence
that the population of dogs was heterogeneous
regarding susceptibility to hypothermia. It
appears rather that dogs terminating in asys-
tole or AF do not belong to a different seg-
ment of the population from those succumb-
ing to VF. It seems most probable, therefore,
that terminal events are related to terminal
temperatures rather than vice versa. This is
of particular importance, since it places major
emphasis on terminal temperature rather than
mode of death.

However, this conclusion may not be valid
in the case of animals subjected to modifica-
tions of the standard procedure, e.g. adminis-
tration of pharmacologic agents, since such
agents may depress the myocardium and pre-
cipitate asystole at relatively high tempera-
tures, or conversely predispose to fibrillation
at temperatures above or below the range of
controls. Nevertheless, the analysis here pre-
sented provides a potent tool for the investiga-
tion of pharmacologic or other agents on the
responses of the hypothermic heart. Probit-
log temperature curves can be plotted for
treated and control groups and a statistical
comparison made which would include not
only the median temperature and its confi-
dence limits but also the slope of the probit
line, i.e. the spread of the mortality distribu-
tion.

Summarv. The distribution of terminal
temperatures following induced hypothermia
in dogs was statistically analyzed for evidence
of inhomogeneity. It was found that the data
from over 100 animals could be adequately
expressed by a log-normal distribution with-
out any evidence of heterogeneity. This sug-
gests that the different terminal events (i.e.
fibrillation vs. asystole) which occur under
induced hypothermia are determined by the
terminal temperatures rather than vice versa.
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