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Accidental hypothermia is defined as an unintentional decreasein core body temperature to below
35°C. Hypother mia causes hundreds of deathsin the United States annually. Victims of accidental
hypother mia present year-round and in all climates with a potentially confusing array of signsand
symptoms, but increasing severity of hypothermia produces a predictable pattern of systemic organ
dysfunction and associated clinical manifestations. The management of hypothermic patientsdiffers
in several important respects from that of euthermic patients, so advance knowledge about hypo-
thermia is prerequisite to optimal management. The paucity of randomized clinical trials with
hypothermic patients precludes creation of evidence-based treatment guidelines, but a clinically
sound management strategy, tailored to individual patient characteristicsand institutional expertise
and resour ces, can nonethelessbe gleaned from theliterature. Thisarticlereviewsthe epidemiology,
pathophysiology, clinical presentation, and treatment of accidental hypothermia. Initial evaluation
and stabilization, selection of a rewarming strategy, and criteria for withholding or withdrawing
support are discussed. Key words. hypothermia, rewarming, thermoregulation. [Respir Care 2004;
49(2):192192192—-205. © 2004 Daedaus Enterprises]
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Introduction

The human body functions optimally with a core temper-
ature between 36.4 and 37.5°C, and core temperatures out-
side that narrow range are poorly tolerated. Accidenta hy-
pothermia is defined as an unintentional decrease in core
body temperatureto < 35°C (95° F) and isthe reported cause
of death in approximately 700 people per year in the United
States.t Advance knowledge of the pathophysiology and man-
agement of hypothermia is a prerequisite to providing opti-
mal care to hypothermic patients. The purpose of this article
is to provide clinicians with an overview of the epidemiol-
ogy, pathophysiology, clinica presentation, and treatment of
accidental hypothermia.

Epidemiology

Media reports of victims of accidental hypothermiatyp-
ically focus on young outdoor enthusiasts exposed to cold
conditions in wilderness areas. Perhaps underappreciated
is the frequency with which hypothermia occurs among
elderly individuals living in urban areas. Approximately
50% of all United States deaths attributed to hypothermia
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occur in persons = 65 years old (Fig. 1).2 Others at high
risk include homeless, chemically dependent, and men-
tally ill individuals.3-” Although the incidence of acciden-
tal hypothermia increases during the winter months, cases
are diagnosed throughout the year.568 A surprisingly large
number of cases occur in mild climates or in individuals
without a history of outdoor exposure.3-689 The rate of
hypothermia-related deaths in the United States has fallen
over the past 20 years (see Fig. 1).2 Whether thisis dueto
changes in reporting, improved preventive measures and
treatment, or changing weather patterns is unclear.

Normal Thermoregulation

Maintenance of anormal core temperature is contingent
upon balancing heat production with heat loss in light of
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ambient conditions and physical activity. Approximately
90% of heat escapes through the skin, with the remainder
lost viathe lungs.1© Table 1 outlines mechanisms and mod-
ifying factors that contribute to heat loss. The preoptic
nucleus of the anterior hypothalamus is responsible for
thermoregulation and mediates physiologic and behavioral
responses to cold exposure. Peripheral and cutaneous va-
soconstriction reduce heat loss from radiation, and shiv-
ering increases heat production. These physiologic re-
sponses, however, are easily overwhelmed by
environmental stressors, and the ability of humans to sur-
vive in temperate climates is based largely on behaviora
adaptation. The alert individual with intact peripheral and
central neurologic function experiences a feeling of being
cold, which prompts exercise, seeking shelter, or putting
on another layer of clothing.

The robustness of these physiologic and behavioral ad-
aptations differs among individuals. Conditions associated
with impaired heat production, increased heat loss, and
impaired thermoregul ation compromise the physiologic re-
sponse to cold exposure. Endocrine disorders, hypoglyce-
mia, malnutrition, impaired shivering, and extremes of age
can limit heat production.1011 As outlined in Table 1, a
number of conditions exacerbate heat loss, including skin
disorders and inappropriate peripheral vasodilation. Im-
paired thermoregulation arises from both peripheral and
central neurologic dysfunction. Individuals with peripheral
neuropathies, spinal-cord injuries, and diabetes may be
unaware of environmental conditions. Cerebrovascular ac-
cidents, trauma, neoplasms, neurodegenerative disorders,
and drugs can act centrally to disrupt hypothalamic func-
tion.1011 |n addition, sepsis, pancrestitis, carcinomatosis,
uremia, vascular insufficiency, and multisystem trauma
are al associated with hypothermia.l Table 2 summarizes
conditions that impair behavioral responses to cold expo-
sure. In our experience, impaired decision-making result-
ing from alcohol intoxication is the single most common
reason for accidental hypothermia in young, otherwise
healthy patients.

Clinical Manifestations

The severity of hypothermiais categorized asmild (core
temperature 32-35°C), moderate (28—32°C), or severe
(< 28°C). Increasing severity of hypothermia produces a
predictable pattern of organ dysfunction and associated
clinical manifestations (Table 3). It is important for the
clinician to be familiar with the relationship between core
temperature and altered physiology, as it provides a blue-
print and rationale for management decisionsthat are often
unique to the hypothermic state. Of note, the use of this
classification systemis not applicable to patients with mul-
tisystem trauma. Hypothermia in that population is asso-
ciated with dismal outcomes, with a reported mortality
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Fig. 1. Rate of hypothermia-related death, by age and sex, in the United States, 1979-1996. (Adapted from Reference 2.)

Table1l.  Sources of Heat Loss and Exacerbating Factors

Normal
Mechanism Contribution Exacerbating Factors
(%)

Skin

Radiation (nonparticulate emission of heat from body) 55 Vasodilation (eg, acohol, spinal-cord injury)

Evaporation (cooling by conversion of fluid to vapor) 25 Skin disorders (eg, burns, psoriasis)

Conduction (transfer of heat by direct contact) 15 25-fold increase with water submersion

Convection (transmission of heat by movement of heated particles) minor Up to 5-fold increase in windy conditions
Respiratory

Evaporation 5 Cold, dry air

Table 2.  Causes of Impaired Behaviora Response to Cold Stress

Impaired cognition

Dementia

Drug-induced: alcohol, sedatives

Other encephal opathies: central nervous system, metabolic
Inadequate shelter and clothing

Homelessness, poverty

Wilderness exposure
Immobility

Neonates

Neuromuscular failure: stroke, hip fracture, spinal-cord injury

approaching 100% when core temperature falls below
32°C.12 Some authors advocate the use of a separate scale
for grading trauma-related hypothermia.13

The body’s initial response to cold stress is to generate
and conserve heat via activation of the sympathetic ner-
vous system. Shivering increases the metabolic rate and is
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associated with tachypnea, tachycardia, and oxygen con-
sumption up to 6 times the basal rate.’+ Blood pressure
risesasaresult of peripheral vasoconstriction and increased
cardiac output. In contrast, with progression to moderate
and severe hypothermia the initially elevated cat-
echolamines return to baseline as the patient enters a state
of globally depressed organ function.5 It isunclear whether
this marked shift from elevated to depressed oxygen con-
sumption is protective or merely reflects limited physio-
logic response to the stress of cold.

Patients presenting with accidental hypothermiado not cre-
ate a diagnostic conundrum when there is a clear history of
sustained exposure to a cold environment, but the presence of
comorhidities and absence of outdoor exposure can obscure
the diagnosis. Manifestations of individual organ dysfunction
viewed in isolation are a source of a broad, and miseading,
differentid diagnosis. Patients with moderate and severe hy-
pothermiapresent with profound neurol ogic deficitsthat could
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Table 3.  Physiologic Changes and Clinical Manifestations Associated With Hypothermia
Mild (32-35°C) Moderate (28-32°C) Severe (< 28°C)

Neurologic Confusion, amnesia Progressive | in level of Coma

Dysarthria €onsciousness Global loss of reflexes

Ataxia Pupils dilate | in EEG activity

| cerebral metabolism Hallucinations EEG silent at < 26°C
Metabolic and 1 catecholamines | metabolic rate Progressive | to 20% of basal

Endocrine 1 Vo, I Vo, metabolic rate

Shivering Loss of shivering

Hyperglycemia
Cardiovascular 1 HR Progressive | HR and CO | BP

1T CO Jwaves on ECG ! HR

1 BP 1 risk of atrial and ventricular | Cco

Prolonged PR and QT intervals arrhythmia Ventricular arrhythmias

Atria fibrillation at < 33°C Asystole at < 20°C
Respiratory 1 RR Progressive | RR and Vg Apnea at < 24°C

1 Ve Loss of airway protection Pulmonary edema

Bronchorrhea

<Oxyhemoglobin-dissociation curve is shifted to the left—
Renal Cold diuresis Cold diuresis | renal perfusion
Oliguria
<—Unpredictable changes in electrolytes—

Hematologic Hematocrit rises 2% per 1°C decline in core temperature (hemoconcentration)

Coagulopathy 1. Decreased enzyme function in coagulation cascade

2. Thrombocytopenia (marrow suppression and splenic sequestration)
3. Decreased platelet function (decreased thromboxane B, production)

Gastrointestinal Ileus, pancreatitis, gastric stress ulcers, impaired hepatic function

EEG = electroencephalogram, V02 = oxygen consumption, HR = heart rate, CO = cardiac output, BP = blood pressure, ECG = electrocardiogram, Vg = minute ventilation, RR = respiratory rate

be attributed to cerebrovascular accident, infection, or meta-
bolic encephalopathy. J (Osborn) waves (Fig. 2), which ap-
pear on eectrocardiograms at core temperatures below 33°C
and become more pronounced with further temperature de-
cline ¢ have precipitated the mistaken use of thrombolytics.1t
Hypothermia-associated arrhythmiaand hypotension canlike-
wise be misinterpreted as primarily cardiac or infectious con-
ditions.

The hypotension associated with hypothermiais multifac-
toria. Dehydration, fluid shifts, and inappropriately increased
urine output deplete the intravascular volume and cause
hemoconcentration. The mechanism for this “cold diuresis’
is probably depressed secretion of antidiuretic hormone. Ini-
tial peripheral vasoconstriction in response to cold exposure
increases core intravascular volume and renal blood flow,
thereby decreasing antidiuretic hormone release. A subse-
quent decreasein coretemperatureimpairshypothalamicfunc-
tion, thereby further decreasing antidiuretic hormone levels
and promoting diuresis*1” The decrease in heart rate and
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cardiac output inmoderate hypothermiaappropriately matches
the decline in oxygen consumption that occurs with loss of
shivering. In severe hypothermia, however, cardiac output
becomes inadequate and contributes to hypotension and in-
adequate oxygen delivery.

Acid-Base Status

The changes in acid-base status that occur with hy-
pothermia are particularly germane to providers with an
interest in respiratory medicine. Patients with profound
hypothermia have an uncompensated metabolic acidosis
as a result of cardiopulmonary failure and hepatic in-
sufficiency. Patients with milder degrees of hypother-
mia, however, typically present with metabolic alkalo-
sis, when blood gases are corrected for the patient’s
temperature. Rosenthal discovered that blood pH in a
closed system rises by 0.015 units for each 1°C drop in
temperature (the Rosenthal formula).t®8 This phenome-
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Fig. 2. Twelve-lead electrocardiogram from hypothermic patient, showing J (Osborn) waves, bradycardia, and prolonged QT interval.

non is termed alpha-stat regulation and is present in
cold-blooded animal s (ectotherms) and probably humans
(homeotherms).19:20 The rise in blood pH with cooling
is due to buffering by the imidazole group of histidine
residues present in hemoglobin.2t As temperature de-
creases, more hydrogen ions bind to imidazole groups
and the concentration of free hydrogen ion decreases. In
order to maintain constant total-body carbon dioxide
content, ectotherms hyperventilate relative to their total
carbon dioxide production,2° which elevates arterial pH,
reduces P,co,, and maintains aneutral pH. For example,
the acid-base status of 37°C blood with apH of 7.40 and
Paco, Of 40 mm Hg is equivalent to that of 25°C blood
with apH of 7.60 and P,co, of 22 mm Hg.2* That is, the
pH of neutrality rises as the temperature decreases. In
contrast, hibernators develop respiratory acidosisin or-
der to maintain a pH of 7.40, despite a decrease in core
temperature. This is referred to as pH-stat regulation.2°
In practice, arterial blood gas samples are routinely
heated to 37°C prior to analysis. The blood gas values at
37°C are uncorrected for temperature, and corrected val-
ues based on the patient’s core temperature are derived
from the Rosenthal formula and similar corrections for
P.co, and P,o,. Whether hypothermic patients should be
managed with a pH-stat strategy in which the corrected pH
is maintained at 7.40, or with an apha-stat approach in
which ventilation is adjusted to maintain an uncorrected
pH of 7.40, is a source of ongoing debate. Some animal
models indicate that a pH-stat strategy during deep hypo-
thermic circulatory arrest reduces ventricular irritability
and improves postoperative neurologic outcomes,22-25 but
support for these findings in humans is inconsistent and
limited to infants.2627 In contrast, comparisons of apha
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stat and pH-stat ventilation in adults undergoing coronary
artery bypass graft with hypothermic cardiopulmonary by-
pass indicate that apha-stat regulation improves neuro-
logic outcomes.28-30 A number of investigators have found
that the al pha-stat approach improves cellular enzymefunc-
tion, myocardial function, myocardial electrical stability,
and cerebral blood flow.19.21.31-33 However, there are few
direct comparisons of alpha-stat and pH-stat management
in the setting of sustained hypothermia,34 and it is unclear
whether studies from the surgery literature are applicable
to the management of accidental hypothermia, in which
the duration of hypothermia and rewarming is longer. At
this juncture we recommend the use of uncorrected arterial
blood gas values (ie, an alpha-stat approach) to assess the
adequacy of ventilation in hypothermic patients.

Initial Stabilization

Because organ function recovers as core temperature
rises, it is critical that clinicians focus primarily on sup-
portive care and rewarming, and not put undue emphasis
on the evaluation and treatment of individual signs and
symptoms of hypothermia. Another tenet of early manage-
ment is that manipulation of the patient should be kept to
a minimum, as movement and invasive monitoring may
precipitate arrhythmia.

Temperature Monitoring
Detecting alow core temperature clinches the diagnosis
of accidental hypothermia and provides the clinician with

a wedlth of information about the patient’s pathophysio-
logic state at any given temperature. Sublingual, rectal,
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esophageal, bladder, tympanic, and pulmonary artery sites
are acceptable for monitoring; axillary temperatures are
less reliable. With a patient suffering moderate or severe
hypothermia, temperature should be monitored continu-
ously from multiple sites. Rectal temperatures often lag
behind other core sites during rewarming, independent of
the falsely low values that occur with inadvertent insertion
of the thermometer into cold stool. Furthermore, the site of
rewarming interventions also may produce discrepancies
in core temperature. For instance, peritonea lavage may
elevate bladder temperatures more rapidly than at other
Sites.

Endotracheal Intubation

Although there is concern that endotracheal intubation
predisposes hypothermic patients to cardiac arrhythmia,3>
large case seriesindicate that in experienced hands the risk
is small.>8:3¢ Hence, the threshold for intubating patients
should be the same as in other patient populations. Oral
intubation is preferable because hypothermic patients are
coagulopathic, but the risk of epistaxis appears to be mod-
est with the nasal intubation approach.37:38 We avoid the
use of neuromuscular blockers. They are largely ineffec-
tive at core temperatures below 30°C, and impaired renal,
hepatic, and plasma enzyme function make metabolism
and clearance unpredictable, thereby increasing the risk of
providing inadequate sedation to paralyzed patients. Sup-
plemental oxygen should be given empirically.

Cardiac Arrest

Standard protocols for managing bradycardic and ven-
tricular arrhythmias are widely viewed as inapplicable in
the setting of moderate and severe hypothermia. Cardio-
version of ventricular arrhythmias is uncommon at core
temperatures below 30°C, athough a trial of electrical
defibrillation is appropriate in pulseless patients, as there
are case reports of successful cardioversion at substan-
tially lower coretemperatures.3940 Animal studiesand case
reports suggest that bretylium increases the threshold for
ventricular fibrillation and allows cardioversionin severely
hypothermic patients,#:-45 but there are insufficient data to
support routine use of bretylium. Data from a porcine
model of hypothermic cardiac arrest indicate that admin-
istration of epinephrine or vasopressin results in superior
coronary perfusion pressures, greater rates of cardiover-
sion, and improved short-term survival, compared to sa-
line placebo,*647 but we are unaware of any clinical stud-
ies supporting the use of those medications. An animal
model suggests that transcutaneous pacing for brady-
arrhythmias may improve hemodynamics if there is evi-
dence of inadequate cardiac output,® but efficacy in hu-
mansisunproven. Transvenouspacingisnot recommended,
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as it may precipitate ventricular arrhythmias.4® Because
the majority of arrhythmiaswill resolve spontaneously dur-
ing rewarming, it is imperative that attempts to manage
cardiac arrest do not unduly delay interventions to correct
the underlying hypothermia.

The literature supports both open- and closed-chest car-
diac massage in arrested hypothermic patients. Compared
to closed massage, open massage in normothermic patients
produces superior coronary vessel perfusion,s° and can be
effectively combined with mediastinal irrigation and car-
diopulmonary bypass in hypothermic patients.5152 Many
ingtitutions, however, lack the expertise and resources
needed to safely and promptly perform the prerequisite
|eft-lateral thoracotomy. Closed-chest massage is aviable,
and not necessarily inferior, aternative; one hypothermia
survivor received more than 6 hours of closed-chest com-
pressions.53 Theterm “ cardiac massage” isprobably amis-
nomer in this setting. External compressions create swings
in intrathoracic pressure that produce forward blood flow
independent of the flow generated by direct compression
of the heart.>*

Volume Resuscitation

Most patients with severe hypothermia are intravascu-
larly depleted and will require intravenous fluids through-
out the warming process. Fluids should be warmed to
40—42°C in a commercial fluid warmer to avoid exacer-
bating heat |oss. However, hypothermic patients have con-
comitant impaired myocardial contractility, so clinicians
must be vigilant for signs of volume overload. Arterial
catheters provide continuous blood pressure monitoring
and facilitate arterial blood gas monitoring, which is par-
ticularly important when peripheral vasoconstriction and
hypotension interfere with pulse oximetry. Central venous
pressure monitoring is helpful in patients with unclear vol-
ume status, but contact between the catheter and myocar-
dium should be minimized because of the lowered thresh-
old for arrhythmia. Catheterization of a femoral vein may
be safer than internal jugular or subclavian sites, and pul-
monary artery catheterization is best avoided altogether.
Hypothermia may also elevate the risk of vascular perfo-
ration during right heart catheterization.ss A tria of low-
dose pressors is warranted in euvolemic patients who re-
main hypotensive despite rewarming.

Laboratory Evaluation

The broad spectrum of organ dysfunction associated
with severe hypothermia requires close laboratory moni-
toring. Renal function is often impaired as a result of
decreased perfusion, and electrolyte changes are unpre-
dictable. In the absence of disseminated intravascular co-
agulation, hypothermia-induced coagulopathy reverses
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with rewarming, and hence the severity of in vivo clotting
dysfunction is not accurately reflected in routine coagula-
tion studies, since they are performed at 37°C.56-58 The
presence of thrombocytopenia, elevation of clot degrada-
tion products, and depletion of fibrinogen suggest the pres-
ence of disseminated intravascular coagulation, regardless
of core temperature. Patients with hypothermia are at risk
of both depression and elevation of blood sugars.2 Typical
symptoms of hypoglycemia may be absent as a result of
depressed nervous system function.

Other Measures

Hypothermia-induced ileus is common, and place-
ment of an orogastric tube is routinely indicated. A
Foley catheter is necessary for monitoring the adequacy
of volumeresuscitation and course of renal insufficiency.
Wet clothes contributeto conductive heat loss and should
be removed. The skin should be kept dry and covered
with insulating material. Providers should defer warm-
ing the extremities until intravenous access is estab-
lished and volume resuscitation is underway. Premature
warming of the extremities may result in the return of
cooler blood to the central circulation with consequent
further decline in core temperature. This phenomenon,
referred to as “afterdrop,” entails a decrease of only
0.3-1.5°C in experimental models,>9-¢° yet it can be
clinically important in critically ill patients. Peripheral
vasodilation with external warming may also exacerbate
hypotension. Empirical antibiotics are appropriate for
patients with suspected aspiration or sepsis.

During the transition from initial stabilization to em-
barking on a rewarming strategy, it is important to assess
the patient for risk factors for thermal instability. Theiden-
tification of predisposing intoxications, medications, and
medical conditions such as hypothyroidism and adrenal
insufficiency alows the clinician to tailor treatment to
address specific causes of hypothermia. Furthermore, with
recognition of these entities, clinicians are better able to
anticipate the response to various rewarming interventions

and adjust the aggressiveness of their approach accord-
ingly.

Rewarming Options

Methods to correct hypothermia fall into one of 3 cat-
egories of rewarming: passive external, active external,
and active internal. Table 4 summarizes minimally-inva-
sive rewarming techniques, based on those categories. The
reported efficacy of the various treatments differs. Differ-
ences in patient characteristics, severity of hypothermia,
institutional expertise, and study design probably account
for the discrepancies in the findings of the published re-
search. Regardless, individual responses to minimally-in-
vasive interventions are unpredictable, and it is unclear
whether combining modalities has an additive effect.

Passive External Rewarming

The crux of passive externa rewarming is to eliminate
any sources of heat loss and to alow the core temperature
to correct via endogenous heat production. A dispropor-
tionate amount of radiative and convective heat loss oc-
curs at the head and neck, so it is particularly important
they are covered.1013 \With shivering, heat production can
increase up to 5-fold above baseling®! alowing healthy,
mildly hypothermic individuals to rewarm spontaneously
in atimely fashion. In contrast, experimental models sug-
gest that loss of shivering slows the rate of rewarming by
up to 37%.%° Since shivering is impaired at core temper-
atures less than 32°C, patients with moderate or severe
hypothermia can be expected to warm slower initialy.
Individuals with concomitant decreased muscle mass, de-
pleted glycogen stores, or endocrinopathies likewise have
decreased capacity for endogenous heat production. More-
over, the 3-5-fold increase in oxygen consumption that
accompanies vigorous shivering can be problematic for
patients with limited cardiopulmonary reserve.l3 Greater
reliance on active rewarming, coupled with meperidine,
may be necessary in that population.

Table 4. Noninvasive Rewarming Interventions
Category Options Comments Rewarming Rate (°C/h)
Passive External Unwarmed blankets Including head and neck reduces evaporative heat |oss 0.54
Humidified inspired air Including head and neck reduces evaporative heat loss Unknown
Active External Forced heated air After-drop risk low with adequate intravenous fluids 1-25
Warm-water immersion Difficult to monitor patient 2-4
Heat cradles, diathermy Limited experience, risk of burns Unknown
Active Internal 42°C humidified air Low heat transport capacity 05
40-42°C intravenous fluids Fluid temperature entering patient lower Unknown
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Active External Rewarming

Forced heated air units act by preventing heat loss while
providing convective heat transfer. Such units are widely
available and can be easily and rapidly instituted. Both an
experimental human model and a randomized, controlled
trial found warming rates with forced heated air superior
to passive rewarming,263 and a small case series suggests
it isaviable treatment option even in the setting of severe
hypothermia.4® As previously noted, premature active re-
warming can precipitate “ afterdrop” and hypotension, but
these risks appear to be modest with concomitant admin-
istration of warm intravenous fluids.

Patients with core temperatures as low as 23°C have
been successfully managed with warm-water immersion.4
However, that approach poses substantial barriers to mon-
itoring and resuscitation, and safer techniques have largely
supplanted warm-water immersion. There are limited data
supporting the use of heat cradles, warm blankets, circu-
lating warm-water blankets, and radio wave hyperther-
mia.36.6566 Peripheral vasoconstriction makes the skin of
hypothermic patients especially vulnerable to burninjuries
from externally applied heat sources.

Active Internal Rewarming: Minimally Invasive
Methods

A number of interventions, ranging from airway re-
warming with warm, humidified air to full cardiopulmo-
nary bypass, fal into the category of active internal re-
warming. In order to better understand the efficacy
differences of these approaches, it is helpful to review the
concept of specific heat. Specific heat is defined as the
number of kilocalories (kcal) required to warm 1 kg of a
substance by 1°C. The specific heat of water is 1 kcal/kg/
°C, and thus 10 kcals are required to raise the temperature
of 1 kg (1 L) of water by 10°C. The specific heat of the
human body is 0.83 kcal/kg/°C. One can calculate the heat
needed to raise the temperature of a 70-kg patient from
25°C to 35°C as follows:

70 kg X 0.83 kca/kg/°C X 10°C = 581 kcals (or 58
kcal/°C in temperature gain).

The response to administering warm intravenous fluids
illustrates this concept. Crystalloids are typically warmed
to 40—42°C in awarm water bath or microwave and then
rapidly infused into the patient. If 1 L of 42°C sdline is
infused into a patient with a core temperature of 25°C, the
heat transfer will be: 1 kcal/kg/°C X 1 kg X (42°C —
25°C) = 17 kcals. Thisis sufficient heat to raise the tem-
perature of the aforementioned 70 kg patient by 17 -+
58 = 0.29°C. The actual heat transferred with infusion of
42°C fluids can be substantially less than that. The tem-
perature of warmed saline decreases rapidly in room-tem-
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peratureair, and further cooling isproportional to thelength
of tubing traversed prior to reaching the patient.67-6° Rapid
infusion using = 25 cm of tubing maximizes heat delivery.
A tympanic thermometer can also be used to directly mea-
sure the temperature of the fluid as it enters the patient.”°
Although their impact on the core temperature of a 25°C
patient is relatively modest, warm intravenous fluids play
an important role in the resuscitation of traumavictims, in
whom temperature elevations of 1-2°C could be life-sav-
ing. Regardless, warming crystalloid and blood prior to
infusion is indicated for al hypothermic patients, as ad-
ministering room-temperature (21°C) fluids causes addi-
tional heat loss. Active interna rewarming with 65°C fluid
improved recovery ratesin animal studies, without precip-
itating hemolysis, but experience with humans is lack-
ing.7172

The use of heated inspired air is minimally invasive and
has been examined in several studies. The small volume of
water present in fully saturated air, however, limits the
potential for heat transfer with inspired air to only about
10 kcal/h.23 This is consistent with a reported rewarming
rate of approximately 0.5°C/h attributable to the use of
warm inspired air.6273-75 Most commercial ventilators will
not heat air beyond 41°C. Because the use of higher tem-
peratures is of modest clinical benefit and carries the risk
of patient injury and ventilator damage, we do not recom-
mend measures to circumvent that 41°C ceiling. Humidi-
fied air prevents evaporative heat loss and is readily avail-
able; humidity is arguably amoreimportant factor than the
temperature of the inspired air.

Active Internal Rewarming: Body Cavity Lavage

Lavage of body cavities with warm fluid is of variable
efficacy. Easy access to the stomach, bladder, and colon
make them attractive sites for irrigation, but there is a
paucity of data supporting this approach.** The contribu-
tion to rewarming is probably nominal, as these cavities
have a small mucosal surface area available for heat ex-
change. Given the modest benefit, gastric lavage in non-
intubated patients arguably poses an unacceptable risk of
aspiration. To avoid mucosal injury, care must be taken to
heat isotonic fluids to no higher than 45°C. All variations
of body cavity lavage require matching the volume of the
instilled and recovered fluid.

Pleural cavity lavage entailsinfusing large volumes (10—
120 L/h) of 40—-45°C fluid through a thoracostomy tube
placed in the 2nd or 3rd anterior intercostal space in the
midclavicular line. The fluid is drained via a 2nd thora-
costomy tube in the 4th, 5th, or 6th intercostal spacein the
posterior axillary line.7677 Alternatively, warm saline can
be repeatedly infused and drained through a single chest
tube, using 1520 min dwell time. Pleural lavage offers
rapid, albeit variable, rewarming. Experience with humans
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Table 5.  Extracorporeal Rewarming Interventions

Rewarming Method

Advantages

Disadvantages

Cardiopulmonary bypass

Continuous arteriovenous rewarming

Very rapid rewarming (7-10°C/h)
Provides full circulatory support
Allows oxygenation

Treatment of renal failure/electrolytes

Rapid rewarming (3-4°C/h)

Less available

Requires trained perfusionist
Potential for delays in initiating
Anticoagulation standard

Requires adequate blood pressure

Rapid initiation

Trained perfusionist not required
Anticoagulation not required

Hemodialysis and hemofiltration Widely available

Rapid initiation; 1-catheter option

Cannot oxygenate or dialyze blood
Less available
Less experience with non-trauma patients

Modest rewarming rate (2-3°C/h)
Requires adequate blood pressure

Anticoagulation not required
Treatment of renal failure/electrolytes

islimited to case reports and small case series.”476-79 The
use of open mediastinal irrigation for rewarming dates
back to the 1950s. More recently it has been combined
successfully with open cardiac massage and cardiopulmo-
nary bypass in hypothermic patients in cardiac arrest.5%.52
The preferential warming of the myocardium may allow
for more rapid cardioversion in these patients. Many med-
ical centers, however, lack the expertise and resources to
safely employ this approach. Mediastina lavage is not
recommended for patients with perfusing rhythms.
Peritoneal lavage with warm saline or dialysateiswidely
available, relatively simple to initiate, and is a diagnostic
test for occult abdominal trauma, which we have observed
in a sizeable number of young, otherwise healthy hypo-
thermic patients. Placement of 2 or more catheters in the
intraperitoneal spaceimproves rewarming rates by increas-
ing net flow through the cavity. Direct irrigation of the
liver is believed to accelerate the recovery of hepatic func-
tion and thereby facilitate the clearance of toxins and lactic
acidosis. Instillation of warm dialysate, with 20—-30 min
dwell time, allows for removal of dialyzable toxins and

treatment of concomitant renal failure or rhabdomyoly-
3'5_80—84

Active Internal Rewarming: Extracorporeal Methods

Table 5 compares extracorporeal rewarming methods.
The use of cardiopulmonary bypass in the successful treat-
ment of accidental hypothermia dates back to 2 case re-
ports from the late 1960s.8586 Both patients had perfusing
rhythms, but the majority of patients in subsequent pub-
lished series received cardiopulmonary bypass in the set-
ting of cardiac arrest.8” Indeed, cardiopulmonary bypassis
an attractive option in patients suffering cardiac arrest, as
it provides rapid rewarming, circulatory support, oxygen-
ation, and can be combined with hemodialysis.848889 Fem-
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oral-femoral bypassand medial sternotomy approaches ap-
pear to be equally effective.8” As outlined in Table 5, the
primary disadvantages of cardiopulmonary bypass are lack
of availahility, delay in initiating treatment, and need for
anticoagulation. Data supporting the use of heparin-coated
cathetersin lieu of full anticoagulation in high-risk groups
such as trauma victims are very limited.®°

In continuous arteriovenous rewarming, the patient’s
blood pressure generates flow from the femoral artery
through a countercurrent fluid rewarmer. Blood then re-
enters the patient through the contralateral femoral vein.ot
Aluminum tubing within the fluid rewarmer maximizes
thermal conduction between a 40°C water bath and the
circulating blood. The resultant rewarming rates are ex-
cellent, albeit slower than those obtained with cardiopul-
monary bypass.®1-92 Compared to cardiopulmonary bypass,
continuous arteriovenous rewarming can be more rapidly
initiated and requires less specialized equipment and per-
sonnel to operate. Heparin-coated arterial and venous cath-
eters are percutaneously placed at the bedside, and addi-
tional anticoagulation is unnecessary. A prospective,
randomized study found that continuous arteriovenous re-
warming reduced fluid requirements and improved short-
term survival in trauma patients, compared to a multifac-
eted minimally invasive strategy.92 Thereported experience
in other populations, however, is limited.93.94

Extracorporeal venovenous rewarming, continuous
venovenous hemodialysis, arteriovenous hemodialysis,
and hemofiltration are additional options for directly
rewarming blood.®s-101 Extracorporeal venovenous re-
warming entails catheterization of 2 central veins and
use of aroller pump to maintain flow.%¢ The flow and
rewarming rate are slower than with cardiopulmonary
bypass and continuous arteriovenous rewarming. He-
modialysis and hemofiltration are useful in the setting
of renal insufficiency, electrolyte abnormalities, volume
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overload, or following ingestion of a dialyzable tox-
in.95:97 |nsertion of 2-way flow catheters allows for di-
alysis following cannulation of a single vessel, which
may be important in patients with difficult vascular ac-
cess. The reported clinical experience with these ap-
proaches is favorable but limited to case series that had
only a modest number of patients.

Selecting a Rewarming Strategy

Deciding on a rewarming strategy is a complex but not
insurmountabl e task. An evidence-based approach to man-
agement is severely hampered by the paucity of published
randomized clinical trials on the subject. The heterogene-
ity of study populations, institutional expertise, and clini-
cal presentation further undermine an algorithmic approach
to hypothermia decision-making. Nonetheless, a number
of useful general guidelines can be gleaned from the lit-
erature.

First, the aforementioned passive external rewarming
measures are appropriate for all hypothermia victims, re-
gardless of severity.

Second, passive external rewarming should be adequate
for most patients with mild hypothermia. Published case
series suggest that, in the absence of severe underlying
disease, passively warmed patients with mild hypothermia
have good outcomes.5:8:38

Third, although faster rewarming is not proven to
reduce mortality, there is a strong physiologic rationale
for using invasive methods to hasten rewarming in ar-
rested patients. Cardioversion at core temperatures be-
low 28°C is unlikely, and extracorporeal rewarming,
preferably with cardiopulmonary bypass or continuous
arteriovenous rewarming, is appropriate in that popula-
tion. In our experience, extracorporeal rewarming may
also reduce tissue loss in a patient with a deeply frozen
limb. In centers that lack by-pass capability, combina-
tions of active external rewarming, body cavity lavage,
and other forms of extracorporeal rewarming are indi-
cated.

The optimal approach is less clear for a patient with
(1) adequate blood pressure (ie, mean arterial pressure
> 60 mm Hg) but moderate or severe hypothermia or
(2) mild hypothermia that has not responded to passive
rewarming. Some authors advocate the use of temper-
ature cutoffs to initiate invasive rewarming mea-
sures,35.66.87 as rapid temperature correction may reduce
the window of time the patient is vulnerable to devel-
oping arrhythmias. However, the presence of comorbid
conditions appears to be a much more consistent predic-
tor of mortdity than initid core temperature4-6838102103 A
number of studies report good outcomes with minimally-
invasive rewarming of hemodynamically stable patients
suffering moderate or severe hypothermia.34.6.63:84.104
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Studies of the relationship between rewarming rate
and postoperative cognitive function in patients under-
going hypothermic coronary artery bypass graft are po-
tentially relevant to the management of accidental hy-
pothermia. One study following hypothermic coronary
artery bypass graft found better 6-week postoperative
cognitive function among patients rewarmed at slower
rates,105 although no difference in cognitive function
was observed in a subsequent comparable study of di-
abetics undergoing bypass surgery.1°¢ Of note, patients
in both studies were rewarmed by over 13°C/h, which is
substantially faster than the rate reported with cardio-
pulmonary bypass in the setting of accidental hypother-
mia. At this juncture there is insufficient evidence to
make firm recommendations on the management of he-
modynamically stable patients with severe hypother-
mia.

The Decision to Defer Rewarming

The presentation of a dead and a profoundly hypo-
thermic patient may be indistinguishable, particularly
upon initial evaluation in the field. Hence, the adage
“no one is dead until they are warm and dead” is not
without merit. Hypothermia victims have survived pro-
longed periods of cardiopulmonary resuscitation,3 pre-
sented with core temperatures as low as 13.7°C,1°7 and
recovered after 45 min of submersion in 4°C water.108
Furthermore, the reported long-term outcome of survi-
vors of severe accidental hypothermia is excellent. An
extensive neurologic evaluation of survivors of severe
hypothermia complicated by cardiac arrest found no
evidence that hypothermia-induced injury affected qual-
ity of life.199 Subjects were young and healthy at base-
line and were able to resume their former lifestyles,
despite requiring up to 30 days to regain consciousness.
Whether older age and comorbid conditions result in
less favorable outcomes in these circumstances is un-
clear.

The underlying cause of hypothermia, the reversibil-
ity of that process, and the presence of comorbid con-
ditions are consistent predictors of outcome,4-6838.102
but a simple marker for irreversible injury remains elu-
sive. Serum potassium > 10 mmol/L is believed to be a
marker of extensive cell death and was associated with
100% mortality in 2 series of avalanche and climbing
accident victims.103.110 However, a subsequent case re-
port of survival of a hypothermic patient with an initial
serum potassium of 9.5 mmol/L calls into question the
use of 10 mmol/L as an absolute cutoff for withholding
resuscitation.®® Renal failure, drug toxicities, rhabdo-
myolysis, and adrenal insufficiency are al reversible
causes of hyperkalemia that should be considered prior
to attributing elevated potassium levels to irreversible
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cell death. Other purported markers for worse outcome
areadvanced age, low presenting pH, renal insufficiency,
ammonia > 250 umol/L, fibrinogen < 50 mg/dL, co-
agulopathy, cardiac arrest, need for mechanical venti-
lation, Glasgow coma scale = 5, vasopressor require-
ment, absence of outdoor exposure, and greater duration
of exposure. But none of these factors taken in isolation
is sufficiently predictive to preclude resuscita-
t| On_4,5,66,102,103,111,112

Hypothermia victims who are diffusely frozen, who
have clearly lethal injuries, or are critically ill and can-
not be treated for a prolonged period need not be re-
suscitated. In the absence of clear-cut signs of irrevers-
ible injury, the decision to forego resuscitation is
contingent upon the patient’s comorbidities and advance
medical directive, the reversibility of any underlying
acute illness, and the need to triage other critically ill
individuals. In clinically ambiguous situations we agree
with the American Heart Association recommendation
to rewarm patients to at least 35°C before declaring
futility and withdrawing support.113

Summary

Victims of accidental hypothermia present year-round
and in all climates, with a potentially confusing array of
life-threatening systemic organ dysfunction. Advance
knowledge of the pathophysiology and management of
hypothermia allows clinicians to “see the forest through
the trees,” and thereby pursue a diagnostic and thera-
peutic course most advantageous to the patient. The
optimal approach to rewarming in severe hypothermia
is unknown, but studies of rewarming rates and associ-
ated neurocognitive outcomes ultimately may serve as
an additional guide to making treatment decisions. For
now, the choice of rewarming strategy is largely dic-
tated by individual patient characteristics and institu-
tional resources and expertise. Since even profound,
global hypothermia is potentially reversible with re-
warming, resuscitation should be withheld only in se-
lected circumstances. Regardless of advances in treat-
ment, accidental hypothermia will probably remain a
resource-intensiveillnesswith substantial mortality. Pre-
vention of accidental hypothermia through patient edu-
cation and provision of shelter to at-risk individuals
remains an important public health priority.
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