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PREFACE

This final report documents the work conducted under Task Number 5 of
Contract Number DOT-CG-72074-A from January 17 to October 30, 1978. The work
was performed at Clemson University under the auspices of the U.S. Coast Guard,
with LTjg Steven F. Wiker serving as program monitor. The principal investiga-
tors were Drs. R. Michael Harnett, Fred R. Sias, and James R. Pruitt.
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1.0 INTRODUCTION

The literature on hypothermia resuscitation is voluminous. It includes
a large number of clinical observations as well as basic physiological and
medical experiments. As with much of clinical medicine, there are controversies
concerning the proper choice of therapy for resuscitating patients fram the
hypothermic state.

Hypothermia could be defined as "the clinical state of subnormal body
temperatute...' (Benazon, 1974). However, "normal temperature” and "body
temperature” are not precise terms since normal temperature has a diurnal

variation of 1 to 2 degrees centigrade. In addition, measurements taken at

different body locations show differences at any given time. Skin temperature
(even in protected locations such as the armpit) is almost always different from
deeper body locations such as rectal temperature, esophageal temperature,
tympanic temperature, or the temperature control location in the preoptic area
of the hypothalamus. Much of the experimental and clinical literature is based
on rectal temperature measurement which is affected by probe depth and possibly
external factors such as blood flow returning from the iegs. Despite the
inadequacies of rectal temperature, it has been used as a primary indicator of

deep~core temperature of the body.
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"Most clinical and research investigators would probably agree that a rectal
temperature below 35°C is indicative of "clinical hypothermia” and that a
temperature below 32°C is indicative of "severe hypothermia”.

The lowest recorded rectal temperature with survival from accidental
hypothermia is 18°C. Patients with a rectal temperature above 32°C will
normally recover spontaneously if removed from the cold environment and there
are not other underlying factors causing hypothermia (Weyman, et al., 1974).
Most resuscitation measures should be aimed at reviving hypothermia victims with
rectal temperatures below 32°cC.

Table 1 illustrates the levels of hypothermia and their associated physio-
logical characteristick. The effectiveness of resuscitative measures will be
closely coupled to physiological states at different rectal temperatures. It
should be noted ghat there is some variation in the temperatures at which the
literature indicates major changes to occur. Table 1 represents an attempt to
distill a consensus from this variation.

Death due to hypothermia is generally attributed to ventricular fibrilla-
tion in man (Alexander, 1945; Hervey, 1973; Swan, et al., 1955) although this is
not a proven fact since direct evidence, such as an EKG recording, is seldom
available at the time of death. The Dachau experiments (Alexander, 1945; Gagge,
and Herrington, 1947) and some animal experiments (Bigelow, et al., 1950a)
strongly suggest that ventricular fibrillation is the terminal event if patients
are not maintained by cardiac massage and artificial respiration. Some animal
experiments (Popovic and Popovic, 1974; Hamilton, et al., 1937) point to
respiratory failure as a terminal event but this is not considered to be the
case in man. Resuscitation of a hypothermia victim involves a number of
supportive and restorative measures some of which are conflicting. Table 2
lists the principal changes that must be affected in restoring a person to
normothermia. Each rewarming therapy considered in this report will be examined
from each of these viewpoints.

There is an extensive body of evidence indicating that seriously cooled
hypothermia victims should be handled carefully (Burton and Edholm, 1955;
Truscott, et al., 1973; Bigelow, 1959). By "carefully” it is meant that the
muscular exertion of the victim should be minimized. Even the process of
climbing aboard a ship may release pooled cold blood causing a continuing fall
in core temperature (afterdrop) and possibly fatal ventricular fibrillation.
Afterdrop is generally thought to be possible only when there is a source of

2




TABLE 1
LEVELS OF HYPOTHERMIA

oF ‘¢
99.6 37.6 "Normal®™ Rectal Temperature
98.6 37 "Normal"™ Oral Temperature
96.8 36 Increased Metabolic Rate in attempt to

balance heat loss
95.0 35 Shivering maximum at this temperature
93.2 34 Patients usually responsive and normal blood

pressure
91.4 33 SEVERE HYPOTHERMIA BELOW THIS TEMPERATURE
89.6 32 Consciousness clouded Pupils dilated

¢ most

87.8 31 Blood Pressure difficult to obtain | shivering ceases
86 30 Progressive loss of consciousness

Increased muscular rigidity
85.2 29 Slow pulse and respiration

Cardiac arrhythmia develops
82.4 28 Ventricular fibrillation may develop if heart irritated
80.6 27 Voluntary motion lost along with pupillary light

reflex, deep tendon and skin reflexes - appear dead
78.8 26 Victims seldom conscious
77.0 25 Ventricular fibrillation may appear spontaneously
75.2 24 ) Pulmonary Edema develops
73.4 23
71.6 22 > Maximum risk of fibrillation
69.8 21

/

68.0 20 Heart Standstill
66.2 19
64.4 18 Lowest Accidental Hypothermic patient with recovery
62.6 17 ISO-ELECTRIC EEG
48.2 9 Lowest Artificially Cooled Hypothermic patient with

recovery
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TABLE 2

REQUIREMENTS FOR RESUSCITATING HYPOTHERMIA VICTIMS

Maintain adequate cellular respiration

(a) maintain adequate circulation

(b) maintain suitable ventilation

Minimize additional heat loss

(a) remove patient from cold

(b) prevent other routes of heat loss

Restore normal body temperature

(a) apply heat

(b) stimulate normal body sources of heat

(c) restore all lost calories

Restore normal body homeostasis

(a) establish normal pH

(b) establish normal blood glucose levels

(c) restore proper kidney function

(d) restore normal fluid and electrolyte balance
Treat any non-environmental cause of hypothermia

Treat medical problems unrelated to hypothermia

[
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blood significantly colder than the body core; that is, when a significant
temperature gradient exists between body core and periphery.

There is also evidence from anecdotal clinical experience and surgical
hypothzrmia which suggests that the only measure of death is whether or not a
person can be resuscitated, regardless of the body temperature (Golden, 1973;
Jessen and Hagelsten, 1972; Stewart, 1972, Nemiroff, et al., 1977).

'uring the three decades since World War II a number of rewarming therapies
have been proposed for resuscitation of hypothermia victims. These range fram
simple hot showers, heating pads and trunk immersion in hot water to the inhala-
tion of hot moist gas«::s, diathermy, peritoneal irrigation, intragastric bal-
loons, extracorporeal blood warming and plumbed garments circulating warm
fluids.

In addition to these specific rewarming therapies two general approaches to

rewarming have attracted continuing debate. One pursues the rapid restoration

of lost heat through the application of active measures. The other seeks to
slowly restore body heat through the use of passive measures.

This report presents a picture of the rewarming problem and then summarizes
the open literature debate over rapid versus slow rewarming. The significant
literature information concerning selected specific rewarming therapies is
presented.

The specific therapies addressed were selected because they are particu-
larly difficult to evaluate by direct human research or because their applica-
tion in profound hypothermia poses particular problems. The therapies are de-
scribed in some detail, their advantages and risks are discussed qualitatively,
known contraindications for the therapies are delineated and discussed, and
specific guidelines for their application are summarized. Finally, conclusions
are drawn concerning the use of the therapies as first-aid treatments by emer-
gency medical technicians (EMT's). These conclusions are based strictly on
scientific and medical considerations. No legal implications of these conclu-
sions were considered. In addition to previously published facts and opinions,
medical and scientific opinions of the authors have been included in this

report.




2.0 THE REWARMING PROBLEM

This chapter presents the problems faced in rewarming victims of profound
hypothermia. The problem is first characterized in general terms and then in

detail by summarizing scientific and clinical observations relating to

physiologic anomalies which may affect the choice of a rewarming therapy.

2.1 General Nature of the Problem

|
Based on the current literature, the total rewarming problem may be i

stated simply as the restoration of all lost heat without precipitating

additional fatal side effects.

There is a growing body of evidence that hypothermia per se may not be
fatal above a rectal temperature of around 25°C. Below about 25°C ventricu-
lar fibrillation may appear spontaneously. There is evidence in dogs (Hughes,
1956) that even ventricular fibrillation may not be fatal for periods of over
one hour if appropriate rewarming and defibrillation is carried out. During
cardiac surgery man has survived circulatory standstill for long periods of
time. Nemiroff, et al., (1977) described 11 cases of cold-water near-drowning.
They indicate that physiologic responses to cold-water immersion serve to
prolong life, even during a 38-minute cessation of respiration. Their work is

summarized in the August, 1977, Scientific American (page 57). Niazi and Lewis I

(1958) report recovery of a woman from 9°C with no cardiac activity or

respiration for one hour.

1f some circulation is maintained by closed chest massage and the lungs are

ventilated, patients can survive for extended periods at very low temperatures.
It has been concluded (Jessen and Hagelsten, 1972) that the only sure indication
of death from hypothermia is the inability to resuscitate the patient.
Nemiroff, et al., (1977) recommends continuing resuscitation efforts, "until the
patient is rewarmed and still does not respond.”
| If a patient is unconscious with.shivering suppressed or absent, it may be
1 assumed that the patient is severely hypothermic and requires definitive treat-
% r ment. A moderately hypothermic patient still shivering but with clouded con-
: sciousness may become severely hypothermic if left untreated or mishandled.

This report examines the effectiveness of methods for treating profound

hypothermia as generally characterized by rectal temperatures below
|
! 6




32°c, depressed rates of respiration, acidosis, hypovolemia (reduced blood

volume), clouded consciousness or unconsciousness, generally cooled organ sys-
tems and irritable myocardium. It will be assumed that a significant tempera-
ture gradient exists in the victim's body between core and periphery and that he
is thegefore susceptibie to afterdrop. The following paragraphs outline speci-

fic aspects of the rewarming problems with which a therapy must contend.

2.2 Fluid shifts

In cold exposure, diuresis (increase in urine output) occurs in spite
of diminished glomerular filtration and renal blood flow (Tansey, 1973). This
serves to diminish blood volume; but Hervey (1973) cites Moyer, et al., (1956) .
and Kanter (1962) who observe that changes in renal function due to cold
exposure tend to be masked by circulatory changes. According to Keatinge (1969)
cold diuresis, "is probably a physiological mechanism for removing some of the
blood volume when this becomes excessive as a result of constriction of: blood
vessels in the cold."™ Hervey (1973) called it, "a volume regulatory response to
increased filling of deep capacitance vessels."”

: There is considerable evidence that blood volume decreases as patients and
animals are cooled to low temperatures. According to Popovic and Popovic (1974)
the blood volume decreases, "to 60 percent of normal volume after 6 to 8 hours
at a body temperature of 15°C." They also indicate that, "the circulating
blood volume increases during rewarming.” The increase in volume may be up to
130 percent of the value prior to cooling.

A number of authors report that the decrease in blood volume is accompanied
by an associated concentration of the blood (Popovic and Popovic, 1974; Hervey,
1973; Burton and Edholm, 1955; Keatinge, 1969). The hemoconcentration results
in hematocrit approaching 60 percent (Hervey, 1973) and blood viscosity
increasing 2 percent for each 1°C decrease in temperature (Hedley-Whyte, et
al., 1976). Barbour, et al., (1944) attribute hemoconcentration to shifts of
fluid into cells. They suggest that increased cellular activity in the cold
results, in the production of osmotically active metabolic end products that
require the movement of water into the cells. However, Popovic and Popovic
(1974) conclude, "the mechanism of hemoconcentration induced during cooling is

not well understood.”

e b e 7o o Ry I t]
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There is also evidence (Barbour, et al., 1944) that fluid shifts into cells
are reversed producing increased extracellulgr fluid when the central nervous
system becomes sufficiently chilled to abolish reflex responses to cold.

Tansey (1973) cautions that, "While one expects a hemoconcentration both
from contraction of plasma volume and from fluid shifts, hemodilution can occur
with blood loss, with parenteral fluids, or with aspiration of hypotonic water.”

There are indications that the severity of fluid shifts is directly related
to the duration of cold exposure and, therefore, to the rate of onset of hypo-
thermia. Tansey (1973) cites slow rewarming as appropriate for "prolonged cold
exposure (greated than 6 hours)", in part, because of "hemoconcentration fram
fluid shifts". Keatiﬁge (1969) indicates that excretion of water can produce a,
"serious loss of blood volume during prolonged hypothermia."™ Burton and Edholm
(1955) contrast acute and chronic hypothermia as follows: "In chronic hypother-
mia...the duration of exposure produces marked changes in blood volume and
depletion of glycogen reserves." Any problems which arise from the shift of
fluids, such as the tendency toward hypovolemia and hemoconcentration, may be
expected to be worse if a given level of hypothermia was arrived at through slow

onset than if through rapid onset.
2.3 Edema

Edema has been corisidered one of the complications of hypothermia and

may be a significant factor in the choice of a rewarming therapy. Edema is a
frequent finding in clinical medicine. Pulmonary edema, cerebral edema and
peripheral edema, are three separate entities with different etiologies.
Pulmonary edema is generally associated with either pulmonary capillary membrane
damage, left-heart failure, or mitral valvular disease (Guyton, 1976; Beeson and
McDermott, 1971) but also accompanies anoxia. Peripheral edema may have several
causes including a decrease in plasma proteins, increased capillary permeabi-
lity, right-heat failure, and "pore stretch"” due to increased capillary pres-
sure. Guyton (1976) points out that edema resulting from right-heart failure
generally requires fluid retention by the kidneys. Cerebral edema commonly
results from a direct injury to the brain.

‘3 Critchley (1943), in his study of Shipwreck Survivors, describes sailors
having to cut boots off of swollen feet. However, "immersion foot” may be

directly responsible for this edema rather than whole body hypothermia. Immer-

sion foot results from, "prolonged soaking of limbs in water at 15°C or below"
(Critchley, 1943).
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The etiologies of the types of edema that are reported in hypothermia are
not clear. It is also not clear whether edema, particularly pulmonary edema, is
a consistent finding in acute immersioq hypothermia, although pulmonary edema is
a frequent complication in elderly individuals found in the hypothermic

state.

Pulmonary Congestion and Edema

Barbour, et al., (1944) report earlier work (Walther, 1862) describing
edema in the lungs of rabbits dying from hypothermia. They also cite Talbott
(1941), who described a similar congested condition of the lungs in the body of
a patient who died of hypothermia.

Woodruff (1941) describes experiments in hypothermia using dogs. He re-
ports that one dog out of eleven showed acute pulmonary edema while the hearts
of eight showed edema.

The Dachau experiments (Alexander, 1945) report:

"a great number of experimental subjects showed a profuse
oversecretion of mucus, with vesicular foam at the mouth reminis-
cent of that seen in pulmonary edema. However, there were not
other definite clinical signs of pulmonary edema, and ausculta-
tion showed merely sharpening and impurity of breath sounds. This
foaming at the mouth sometimes appeared as an early symptom at
329c - 359C of body temperature. It had no prognostic signif-
icance with regard to the fatal or non-fatal outcome of any one
experimentes.."”

A monograph by Lathrop (1972) describes the terminal symptoms of a hypo-
thermia victim on Mt. Adams in 1966: "A terminal event was labored breathing
which produced a frothing foam at the mouth. This, we now realize was
characteristic of the terminal pulmonary edema of acute hypothermia." Lathrop
cites, "probable edema and hemorrhage in lungs" as associated with rectal
temperatures below 78°F (25.6°C). He states that "The frequency with which
pulmonary edema is present in fatal cases of acute hypothermia, is a new finding
in the medical literature on this subject. Often one of the terminal events
before death is labored breathing in which a whitish froth may well into the
mouth from the congested lungs." He further states, without reference, that an
Oregon pathologist, Dr. Warren Hunter, "found evidence of pulmonary hemorrhage
and edema in each of 10 fatal cases of accidental hypothermia which he
reviewed.” He is also said to have, "found that pulmonary edema is very often

present as a terminal symptom in such deaths.”

Tansey (1973), in prescribing treatment for "whole body hypothermia®, says
that, "In view of depressed respiration and probably atelectasis with aspiration
or anoxic pulmonary edema, oxygen supplement and cautious pulmonary toilet with

9
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endotracheal suction and intermittent positive pressure breathing should be
initiated."

There is another possible explanation for the pulmonary congestion de-
scribed by Talbott (1941), Alexander (1945) and Lathrop (1972). The ciliated
cells which line the nasopharynx and the tracheobronchial tree, save for the
terminal bronchioles and alveoli, serve to clean these respiratory passages by
propelling mucus and waste material toward the mouth. They are normally very
effective. Bouhuys (1977) indicates that, "In airways with mucus-secretory
elements, the cilia move in thin fluid and are covered with a mucous layer.
This two-phase liquid system ... is essential for mucociliary transport.” Best
and Taylor (1961) indicate that,

"The efficiency of the cilia depends in part on the viscosity
and stickiness of the material which is in contact with them. Their
effectiveness may,K be varied by changing the properties of this
material as well as by an increase or decrease in the rate or force
of their beating."

Cherniack, et al., (1972), indicate that, "Ciliary activity carries particles
and macrophages ... to the larger bronchi where the cough reflex is important in
their clearance." They further indicate that the cilia beat, "at a rate of
approximately 1000 to 1500 times each minute..." and that, "this causes the
mucus to flow toward the glottis at the rate of approximately 10 to 20 mm/min.”
Acéording to Best and Taylor (1961), "The cilia are not influenced by nerve
impulses, but are very susceptible to chemical changes in the blood.... Ciliary
action is depressed by cold and increased when the temperature of the cells is
raised slightly above normal." Bouhuys (1977) cites Iravani (1967) indicating:
"In a 0.2-mm diameter rat airway, beat freguency was 13/sec at 35°C, and 2/sec
at 20°C...” and Hakansson and Toremaln (1965) indicating: "“in the rabbit
treachea, 20/sec at 379C, and 7/sec at 20°C." Boujuys also indicates that,
“mucus has plasfic and elastic, as well as viscous, properties." He states
that, "In conformance with a property of plastic materials, a certain minimum
stress must be exerted before mucus moves at all.” This supports the notion
that a thermally~induced slowing of ciliary activity could not only slow
mucociliary transport, but could actually stop it completely. Clearly, the
depressing effects of hypothermia upon cilia activity can allow the accumulation
of mucus secretions in the respiratory tree presenting a clinical picture
resembling pulmonary edema. Of course, the possibility should not be overlooked
of the simultaneous existance of pulmonary edema and mucus accumulation due to

cold-induced cilia inactivity.
10




Cerebral Edema

The literature on cerebral edema is also conflicting. According to Popovic
and Popovic (1974), “There are several reports that hypothermia protects against
cerebral edema..," (Clausen, et al., 1970; Fay, 1959). The Popovics also cite
Herrmann and Dittmann (1970) who mention indications of cold-induced swelling of
the brain.

According to Khalil (1957), cerebral edema, "has been reported to follow
the use of [extracorporeal blood cooling]."

The Dachau report (Alexander, 1945) also shows that autopsies revealed,
"edema of the brain and marked congestion of all cerebral vessels" in "those
cases where there had been additional cooling of the neck and occiput."” The
Dachau experiments also point to an increase in spinal fluid pressure in cases
with marked additional cooling of the neck and occiput.

Hedley-Whyte, et al., (1976), cite Bloch (1967b) cautioning that,

"Relapse into coma or confusion can occur with rewarming,
but improvement occurs if the temperature is allowed to fall
again. These changes appear to be the result of an increase in
cerebrospinal fluid pressure. Patients who become increasingly
drowsy during rewarming promptly become more alert when cerebro-
spinal fluid pressure is reduced by lumbar puncture with removal
of cerebrospinal fluid. Some patients who develop acute pulmonary
edema during rewarming experienced dramatic relief within a few
minutes of reduction of cerebrospinal fluid pressure.”

Peripheral Edema

Barbour, et al., (1944) concluded from e#periments conducted with twelve
monkeys (Macacca Mulatta) cooled to 23°C and rewarmed, "If any edema is
present in monkeys at these low body temepratures, we were unable to establish
it definitely, although some apparent swelling was noted about the shoulders and
forearms in one case.” Their results with rats were quite different. They
report: "At 16°C, the rats were completely prostrated in a condition resem-
bling deep anesthesia. At this point considerable edema of the face, eyelids,
and jaw as described by Hamilton [1937), was a constant finding." They
conclude: "Subcutaneous edema tends to occur and is augmented on rewarming the
animal, which procedure increases greatly the hydration of blood, at least
relatively.”

A paper on accidental hypothermia (Duguid, et al., 1961) review twenty-

three cases of hypothermia. Most were elderly individuals with associated,
"
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*states of disability and illness" including respiratory infection and heart
failure. Duguid states: "Peripheral edema was present in over half the

cases.”

Summary on Edema
Edema per se is not mentioned in Burton and Edholm's monograph "Man in a

Cold Environment' (1955) in regard to immersion hypothermia but they do mention
a, "fluid shift from the plasma to the tissue.”" Keatinge (1969) acknowledges
the possible contribution of "increased vascular permeability” to a, "loss of
blood volume during prolonged hypothermia.” As indicated in Section 2.2,
Barbour, et al., (1944) attributed hemoconcentration to shifts of fluid into
cells which may reverse themselves later in cooling producing increased extra-
cellular fluid.

It is reasonable to épeculate that edema observed in conjunction with
hypothermia might be connected etiologically with the other fluid shifts
discussed in Section 2.2, If this connection exists, one may anticipate that
the severity of edema would be worse for hypothermia of long duration than short
duration.

Edema, either pulmonary, cerebral, or peripheral is not consistently
reported in the literature on immersion hypothermia. Yet there are sufficient
references to observations of edema and to related mechanisms to preclude its
dismissal as a physiological anomaly unrelated to cold exposure. An implication
of this conclusion is that rewarming therapies intended for treatment of pro-
found hypothermia should be analyzed for their effects on edema.

2.4 Electrolyte and Acid-Base Changes

Electrolyte Changes

There have been numerous studies of electrolyte changes during experimen-
tal hypothermia but the results are conflicting and controversial. Serum
potassium has been found to increase in dogs (Smith, 1956; Bigelow, et al.,
1950b) and in man (Langdon and Kingsley, 1964), to remain the same in dogs
(Axelrod and Bass, 1956), and to decrease in dogs (Kanter, 1963; Gollan, et al.,
1957) and in rabbits (Grote ‘and Schweikhordt, 1969). If the potassium
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concentration could be shown to rise consistently, this might explain the
increased cardiac irritability and the tendency toward ventricular fibrillation
that is often found in hypothermia victims. Popovic and Popovic (1974) further
point out, "The potassium ion concentration in hypothermia can be compensated by
glucose administration which tends to return the excitability of the hypothermic

heart to normal levels.” The reference cited for this is Spurr, et al., (1959).
Jessen and Hagelsten (1978) report that, "plasma electrolytes are usually normal

when the treatment starts, but during the last phase of the rewarming, a severe

S -

hypopotassemia is often provoked.” They conclude that, "it may well be respon-
sible for some of the deaths which are reported after the active rewarming has
stopped and the bcdy core temperature has reached almost normal values.”
Alterations in potassium distribution are generally assumed to be due to
| changes in membrane permeability and/or alterations in the sodium-potassium pump

due to hypothermia (Popovic and Popovic, 1974). They further state, "In
moderate hypothermia there is no change in serum sodium concentration, but the
plasma level falls when the body temperature of an experimental animal is

decreased below 25°C."

Hyperphosphatemia induced in rats by hypothermia has been reported (Popovic
| and Popovic, 1974). Calcium changes are as varied in the literature as potas~

sium with serum levels found to be elevated in dogs (Axelrod and Bass, 1956;

Smith, 1956), unchanged in rats (Nowell and White, 1963), and decreased in
rabbits (Grote and Schweikhordt, 1969). The magnesium concentration in the
plasma was reported to rise in rats during hypotheria (Nowell and White, 1963).

In summary, Popovic and Popovic (1974) state, "Hypothermia induces some
changes in the electrolyte metabolism, but the overall picture is still quite
obscure.... Different techniques of cooling, different species of animals, and
the precooling state of experimental animals or patients greatly affect the
results obtained during cooling.

Tansey (1973) cautions that, "Blood electrolytes must also be interpreted

with cognizance of ...fluid shifts [which have occurred].”"

Adic~Base Changes

The literature on acid-base balance has also been summarized by Popovic and

Popovic (1974),

) "During cooling and rewarming the pH value of the blood of experi-
ﬁl mental animals or of patients decreases (cold acidosis), sometimes
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even when bicarbonate is adminstered. Both respiratory and metabolic
acidosis develop during cooling. This acidosis is very pronounced

tut does not appear to be harmful. However, during surface cooling,

a much decreased pH of the blood might be associated with the increased
tendency toward ventricular fibrillation."” .

They also state, "During rewarming, metabolic acidosis occurs even if it were
not observed during the cooling process. However, the acidosis disappears after
rewarming is completed.”
Keatinge (1969) cites as causes of acidosis:
1. failure of acid excretion,
2. respiratory depression,
3. increased solubility of COz, and

4. lactic acid forming faster than it can
be metabolized during shivering.

He concludes that, "All these factors together do not normally cause dangerous
acidosis while the body temperature remains low"; but he cites Fairley, et al.,

(1957) indicating that "severe acidosis may develop during rewarming."
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3.0 RAPID VERSUS SLOW REWARMING

i The two general approaches to rewarming loosely referred to as rapid and
slow rewarming have been often debated. Each therapy has its proponents and its
detractors. W.R. Keatinge and A.R. Behnke support rapid rewarming while H.
Hil?mgn advocates slow rewarming. This chapter presents a cross section of lit-

erature representing the continuing debate over the better approach to

rewarminge.

3.1 General Discussion-

The effort to avoid side effects during rewarming has resulted in two
general schools of thought, each with sub-categories. The two dominant ap~
proaches to hypothermia resuscitation may be termed "rapid rewarming” and "slow
] rewarming”. There appears to be general agreement that intermediate warming
rates should be avoided (Burton and Edholm, 1955, Hervey, 1973).

4 The extremes of viewpoints are illustrated by Bloch (1967a) who states

"There does not appear to be any harm resulting from slow rewarming following

prolonged hypothermia” and Meriwether and Goodman (1972) who state, "Rapid
rewarming by water immersion is recommended for treating patients with severe
accidental hypothermia."” Fernandez, et al., (1970) point out that the main
controversy is not between core rewarming and external rewarming but between
"passive external rewarming"” and "active external rewarming”.

The review by Fernandez, et al., (1970) of the literature regarding fast

and slow rewarming is particularly appropriate:

"The major controversy has been between the use of passive
external rewarming and active external rewarming. Active |
external rewarming means the direct application of exogenous i
heat directly to the surface of the body while passive rewarm- f
ing utilizes the heat produced by the patient without the

addition of artificial heat to the body surface. The authors

with the greatest experience have favored slow, usually passive,

external rewarming.

"In 1958, Emslie-Smith, described eight patients with
! accidental hypothermia, all of whom died. In only three
cases was the method of rewarming recorded. Those three
b patients were rewarmed by electric blanket. It is of note
e1 that rewarming was slow. No patient was rewarmed in less
than 12 hours.
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"Duguid and co-workers, in 1961, reported 23 cases of
accidental hypothermia. Six patients were 'actively' re-
warmed and all died. Seventeen patients were passively
rewarmed. Ten patients died during rewarming and an addi-
tional four died later in the hospitalization, yielding
a total mortality of 87%. Again, the important point is
that none of the 23 patients were rewarmed in less than
24 hours. The authors concluded from these results that
passive rewarming was the method of choice in their
hypothermic patients.

"In 1962 Prescott and his colleagues, rewarmed nine
patients passively over prolonged periods of time and
six died.

"Fruehan [1960] treated eight accidentally cooled patients.
Four were rewarmed actively and four passively. One of the
eight survived. Although the survivor was passively rewarmed,
the author emphasizes that this patient had the most rapid rate
of rewarming.

"Recently, Maclean and associates [1968] reported. enzyme
changes in 25 accidentally frozen patients. Ten patients
recovered. While the method of rewarming was not stated, all
four patients who were rewarmed in less than 12 hours survived.

"The results of human experiments performed on persons
of block 5 of Dachau in 1942 support the rapid active rewarming
method. These sordid investigations proved to the satisfac-
tion of the executioners that the best method. of resuscitating
hypothermic prisoners was by rapid and intensive rewarming."

A variation on the simplified rapid vs. slow debate are the following steps

recommended by Bangs. (1976) for treatment of chronic hypothermia (partial list):

1. Rewarm the victim only when it can be done
properly.

2. Handle the victim gently.
3. Prevent further heat losses.

4. In the field do not rewarm too fast.

5. Rewarm the core first.

He recommends rewarming in a hospital, "If at all possible”, or a, “safe
environment where ...[the victim] can be rewarmed properly with proper
monitoring, equipment and medicine....” Further he indicates that if rewarming
has to be done in the field, "it is probably safest to do it slowly. Slowly
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means most anything except submerging the victim in hot water.” His objective

is to avoia, "blood vessel dilation and shocke.es."

3.2 Spontaneous or Passive Rewarming

Slow spontaneous (or passive) rewarming has long been advocated as the
proper therapy for hypothermia at least in chronic hypothermia of a slow onset
and long duration (Rees, 1958; Whitby, 1964; Maclean, et al., 1974). Talbott
and Burton (1952) recommend slow rewarming at a rate of about 1/2°C per hour.
Bloch (1967a) recommends even slower rewafming such as 19C in 400 minutes.
Bloch also recommends that too rapid spontaneous rewarming be slowed by drugs
such as chlorpromazine.

The rationale behind such slow rewarming protocols is that it will avoid
rewarming hypotension and afterdrop of deep body temperature perhaps due to
cutaneous vasodilatation, and the return of cold peripheral blood to the body
core. In addition, slow rewarming is said to allow fluid shifts due to hypo-
thermia to be corrected.

Maclean, et al., (1974), referring to Talbott and Burton (1952), points out
that the body tries to restore normal temperature at all levels of hypothermia
above 23.89C. Part of the corrective mechanism is shivering which may be
present intermittently down to a temperature of 23.8°C.

Much of the literature supporting slow rewarming involves clinical cases
where patients are either elderly and/or have consumed considerable alcohol.
The survival rates in these populations are not good; but it is not reasonable
to ascribe them to rewarming rate.

Spontaneous rewarming is certainly a viable therapy in mild hypothermia.
Truscott, et al., (1973) state, "Bringing the patient into a warm environment
and conserving body heat (passive rewarming) will usually suffice." He
concludes, "The optimal method of rewarming is still controversial.... Most
authors, however, believe that passive surface rewarming is less hazardous."

Tansey (1973) concludes that, "Slow rewarming becomes appropriate with pro-
longed cold exposure (greater than 6 hours) where hemoconcentration from fluid
shifts, increased blood viscosity, exhaustion of glycogen stores, and acidosis
all contribute to an upset 'milieu interieur' which will be aggravated by rapid

rewarming and which will revive spontaneously if further cold is prevented."




Passive slow rewarming is not as simple as it might seem at first glance.
In the hospital environment, a technique generally used is to place the person
in a bed, lightly covered, at normal room temperature. Normal room temperature,
of course, varies with British and European rooms being often maintained at
lower temperatures than those in the United States. If the room temperature is
close to the lowered body temperature of the patient and the air is still,
little heat will be lost by convection, conduction, or radiation. Extremities
may be below room temperature making possible a net gain in heat from the
environment.

Some heat will be lost from the body through respiration due to the heat
that must be expended to warm and humidify the room air. Heat loss by respira-
tion will be moderate if the room humidity is high and room temperature is not
much helow body core temperaturé.

The heat that is to be used in passive rewarming is largely from metabolic
activity, which may be less than 50 percent of normal at body temperatures below
259C, with small amounts being contributed by the environment. At tempera-
tures below about 30°C shivering will be largely suppressed and the sole
source of heat is the depressed basal metabolism of the patient. At
temperatures above about 32°C shivering will become the dominant source of
heat for a spontaneously rewarming patient. The heat generated by shiverng may
be several times greater than the resting metabolic rate if the patient did not
exhaust his muscle energy supplies during cooling. If energy supplies were
severely taxed during the patient's cooling period, shivering may not be able to
contribute significantly to a spontaneously rewarming patient.

If spontaneous rewarming is being used as a first-aid measure, the situa-

tion may be quite different than described above. A blanket or a sleeping bag

intended to prevent further heat loss will temporarily draw heat from the 1
patient if it has not been pre-warmed. Generally, insulation does not conserve
heat until the surface layer of the insulation has been raised to body tempera- {
ture.

A second significant factor in a rescue scenario is that air temperature
may be very cold. The heat lost through respiration may be a large part of
the total heat production of the body under conditions of no shivering, a basal
metabolic rate depressed below 50 percent, and continuing significant heat loss
by warming.and and humidifying cold, dry ambient air. Spontaneous rewarming
would be most unsatisfactory under these conditions. If the patient is

shivering, spontaneous rewarming may be completely adequate.
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Another consideration is contrary to intuition. Mild surface rewarming
methods such as hot water bottles, heating pads, and even body to body heat
exchange in a sleeping bag, can suppress shivering, by warming the skin, and
thereby remove a rewarming mechanism more effective than the mild surface heat.
Of course, it is not possible to make a conclusive statement since such rela-
tively mild surface heat might not suppress shivering in the middle temperature
ranges of hypothermia. At lower temperatures, say below 28°C, shivering is
alrecady suppressed and mild surface heat will have little effect on the rate
of spontaneous thermogenesis. At temperatures above about 30°C suppressing
shivering may slow rewarming, but the patient will probably be in no danger
anyway and the surface heat will make him feel better. Of course, in all of
this discussion it has been assumed that major routes of heat loss are removed.

The major unanswered question is whether a rapidly cooled, deeply hypother-
mic patient with suppressed shivering can be helped by relatively mild applica-
tion of surface heat as a first-aid procedure. Since human studies can not be
extended to temperatures where shivering is suppressed, answers must be sought
elsewhere. Clinical observations and animal research can give indications which

are subject to some uncertainty.

3.3 Active Surface Rewarming

The objective of rapid surface rewarming is to introduce heat into a
hypothermia patient at a very high rate. This seems to be intended to accom-
plish the following: .

1. Minimize the time the victim is in the
hypothermic state.

2. Quickly revitalize a weakened and <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>