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Abstract

Objective – To review current knowledge surrounding the effects, treatment, and prognosis of hypothermia in
people, dogs, and cats, as well as the application of therapeutic hypothermia in clinical medicine.
Etiology – Hypothermia may be a primary or secondary condition, and may be due to environmental exposure,
illness, medications, anesthesia, or trauma. Hypothermia has been applied therapeutically in human medicine
for a variety of conditions, including postcardiac arrest. In veterinary medicine, the technique has been applied
in cardiac surgeries requiring bypass and in a patient with intractable seizures.
Diagnosis – Hypothermia can be diagnosed based on presenting temperature or clinical signs, and appropriate
diagnosis may require nontraditional thermometers.
Therapy – Rewarming is the primary treatment for accidental hypothermia, with intensity ranging from passive
surface rewarming to extracorporeal rewarming. The goal is to return the core temperature to a level that restores
normal physiologic function of all body processes. Other supportive therapies such as intravenous fluids are
typically indicated, and if cardiopulmonary arrest is present, prolonged resuscitation may be required. In cases
of secondary hypothermia, reversal of the underlying cause is important.
Prognosis – There are few prognostic indicators in human and veterinary patients with hypothermia.
Even the most severely affected individuals, including those presenting in cardiopulmonary arrest, have
potential for complete recovery with appropriate therapy. Therapeutic hypothermia has been shown to
improve outcome in people following cardiac arrest. Further studies are needed to examine this appli-
cation in veterinary medicine, as well as appropriate therapy and prognosis for cases of spontaneous
hypothermia.

(J Vet Emerg Crit Care 2017; 27(2): 151–163) doi: 10.1111/vec.12572
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Abbreviations

aPTT activated partial thromboplastin time
PT prothrombin
TBI traumatic brain injury
TTM targeted temperature management

Introduction

Hypothermia is defined as a subnormal body temper-
ature in a homeothermic organism.1 Hypothermia can
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occur due to environmental exposure (accidental), or
can be secondary to illness, medications, anesthesia, or
trauma. Hypothermia is an uncommon cause of death in
people, with approximately 1,500 deaths in the United
States and 300 in the United Kingdom annually.2,3

The incidence of hypothermia in veterinary patients
is unknown. Despite advances in medicine, there are
still many uncertainties regarding the best treatment of
hypothermia in both human and veterinary patients,
and prognosis remains difficult to predict even in the
most severely affected individuals.

Therapeutic hypothermia has been introduced as
a technique for select disease processes in human
medicine, and is beginning to be applied in veteri-
nary medicine. Familiarity with the pathogenesis and
physiologic effects of hypothermia is necessary to prop-
erly guide treatment of the hypothermic patient and
to safely apply therapeutic hypothermia in appropriate
cases.
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Normal Thermoregulation

Heat is produced as a result of normal metabolism. At
rest, the primary contributors are the highly metaboli-
cally active brain and major trunk organs, with 20–30%
generated in skeletal muscle.4 This can be altered by
changes in basal metabolic rate, muscle activity, hor-
mones such as thyroxine and growth hormone, and
sympathetic stimulation.4 The human body is described
as having 2 compartments: the peripheral tissue com-
partment and the core compartment. The core compart-
ment comprises the head and trunk, and is defined as
containing well-perfused tissues where temperature is
held fairly constant.5 This comprises 50–60% of body
mass in adults.6 The peripheral compartment is com-
prised of the arms and legs, containing nonhomogenous
temperature.5 Typically this compartment is 2–4°C be-
low the temperature of the core compartment, and tem-
perature tends to decrease distally in the limbs and to-
ward the skin surface.5,7

All heat produced by the body is eventually lost to the
environment to maintain homeostasis.5 Heat loss can oc-
cur through convection, conduction, radiation, or evap-
oration. Convection is heat transfer from the body to the
surrounding air, while conduction is the direct transfer
of heat between the body and surfaces in contact with
the body. Radiation is heat loss to objects in the envi-
ronment that are not in direct contact with the body and
does not depend on the temperature of the surround-
ing air. All objects that have temperatures greater than
absolute zero emit electromagnetic radiation, and this
transfers heat in the form of infrared thermal radiation.8

Evaporative heat loss occurs when moisture on the skin
or from the respiratory tract changes state from liquid to
gas. When evaporation occurs, heat is dissipated.8

Heat loss in normal animals is primarily through con-
vection or conduction, unlike the radiant heat loss of
human beings.9 Evaporative heat loss through panting
is also an important mechanism in dogs. The heat con-
tent of the peripheral compartment can change dramat-
ically with alterations in the surrounding environment.
Flow of heat from the core to the periphery is depen-
dent on conduction of heat through large vessels into
the limbs and subsequently into tissues.5 Convection
can be altered through changes in peripheral blood flow
(such as with vasoconstriction), arterio-venous counter-
current exchange, and the inherent core-to-peripheral
heat gradient (as heat will tend to flow down its con-
centration gradient). Conduction primarily depends on
the diffusion coefficient of the tissue itself.5 Fat is an ef-
fective insulator, conducting only one-third of the heat
of other tissues.4 Fur acts as an insulator by trapping air
against the skin, which has a low thermal conductivity.10

However, rain-soaked or wet fur does not effectively in-

sulate, as water has a high thermal conductivity, and
a wet patient is predisposed to hypothermia.4 Other
predisposing factors for developing hypothermia in-
clude minimal body fat, high surface area:body mass
ratio, age, immobility, underlying disease, and lack of
acclimatization.1,3,11 Geriatric patients in particular are
susceptible to developing hypothermia as they typically
have many predisposing factors, as well as impaired
physiologic responses to the cold.3 Neonates are simi-
larly predisposed, due to their high surface area:mass
ratio and decreased heat production.12–14

Temperature is regulated by the thermoregulatory
center of the anterior hypothalamus. Thermoreceptors
are present in the hypothalamus itself as well as the
skin, spinal cord, abdominal viscera, and great veins.
Both heat and cold receptors exist, with cold receptors
predominating. Stimulation of the cold receptors results
in rapid responses such as widespread vasoconstric-
tion and piloerection to minimize heat loss, mediated
by the sympathetic nervous system. Later physiologic
responses aim to increase heat production through in-
creased skeletal muscle activity (ie, shivering) and thy-
roxine secretion.3,4

Classifications of Hypothermia

Hypothermia is classified as primary (accidental) or sec-
ondary. Primary hypothermia occurs when an animal
with normal heat production is exposed to a cold envi-
ronment for a prolonged period. Secondary hypother-
mia results from an illness, injury, or drug therapy that
alters the heat production and thermoregulatory ability
of an animal.1 Secondary hypothermia can occur even
in relatively warm environments.2 Commonly encoun-
tered causes of secondary hypothermia include surgery
and anesthesia,13 trauma, critical illness,1 and follow-
ing overzealous treatment of heatstroke.15 Wong pro-
posed a classification scheme for human hypothermia
patients in 1983 that was intended to be for communi-
cation only, based on arbitrary intervals, and was with-
out specific clinical implications.16 Clinical hypothermia
was described as mild, moderate, deep, and profound,
corresponding with decreasing body temperature only.
This scheme was widely adopted in both human and
veterinary medicine to describe hypothermic patients,
although it may be more accurate for patients with pri-
mary hypothermia.1 Oncken et al noted in a retrospective
review of veterinary hypothermia that adverse effects
occur at higher temperatures in secondary hypothermia
as compared to primary, and proposed a separate clas-
sification scheme for secondary hypothermia patients
(Table 1).1

In human literature, the Swiss system of staging hy-
pothermia (Table 2) is preferred when core temperature
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Table 1: Classifications of hypothermia based on core temperature

Primary hypothermia Secondary hypothermia§

Mild 32–37°C (90–99°F)∗§ 36.7–37.7°C (98–99°F)
Moderate 28–32°C (82–90°F)∗§ 35.5–36.7°C (96–98°F)
Severe 20–28°C (68–82°F)∗§ 33–35.5°C (92–96°F)
Profound/Critical Profound < 20°C (< 68°F)§ Critical < 33°C (< 92°F)

∗Data modified from Dhupa.12

§Data modified from Oncken et al.1

Table 2: Swiss Hypothermia Staging System

HT I Clear consciousness with shivering 32–35°C (89.6–95.0°F)
HT II Impaired consciousness without shivering 28–32°C (82.4–89.6°F)
HT III Unconsciousness 24–28°C (75.2–82.4°F)
HT IV Apparent death 13.7–24°C (56.6–75.2°F)
HT V Death due to irreversible hypothermia < 9–13.7°C (48.2–56.6°F)

Modified from Durrer et al.17 HT, hypothermia.

Table 3: Markers used to determine hypothermic death in people

HT IV (apparent
death) HT V (death)

Physical
examination

No vital signs,
compressible chest,
kneadable
abdominal muscles

No vital signs, chest
not compressible,
abdominal muscles
not kneadable

ECG Ventricular fibrillation
or asystole

Asystole

Core temperature Above 13.7°C
(56.6°F)

Below 13.7°C (56.6°F)

Serum potassium
concentration∗

< 12 mmol/L > 12 mmol/L

∗Human literature suggests that serum potassium concentration should
only be used to classify HT IV versus HT V when the patient has been
asphyxiated and is hypothermic, such as in avalanche burials or drowning.
Modified from Durrer et al.17 HT, hypothermia.

can’t be readily measured, such as in mountain rescue
scenarios.2 The advantage to this system is that it is
based on physical examination findings that are cor-
related with certain degrees of hypothermia, and core
temperature does not necessarily need to be measured to
apply the scale. Various versions of this classification sys-
tem have been adopted by human medical groups such
as the International Commission for Mountain Emer-
gency Medicine. However, it can be difficult to sepa-
rate Hypothermia Level IV from Hypothermia Level V
based on physical examination alone, and other markers
have been recommended by International Commission
for Mountain Emergency Medicine to classify these pa-
tients (Table 3).17

Physiologic Effects of Mild, Moderate, and Severe
Hypothermia

Behavioral/neuromuscular
A healthy animal responds to cold temperature exposure
and mild hypothermia by behavioral changes, such as
seeking shelter or curling up. As shivering and nonshiv-
ering thermogenesis begin, heat production increases,
but at the cost of significantly increased basal metabolic
rate, energy requirements, and oxygen consumption.5

Ataxia may be seen in veterinary patients with mild
hypothermia;18 people display confusion or amnesia.3,19

If thermogenesis fails, the animal progresses to moderate
and severe levels of hypothermia.

The core temperature below which shivering ceases
varies widely in human reports, and has been re-
ported to fall between 24 and 35°C (75–95°F).3,19 Ini-
tially muscle stiffness predominates, but as moder-
ate hypothermia approaches severe, hyporeflexia is
apparent, which progresses to areflexia at core tem-
peratures < 28° (< 82°F).19 For every 1°C drop in
core temperature there is a 6–7% decline in cerebral
blood flow, resulting in a concurrent deterioration in
mentation.9 Altered mental status may result in mal-
adaptive behavior, such as no longer seeking shelter. At
body temperatures < 33°C (< 92°F) there are significant
changes in cerebral electrical activity, and temperature-
dependent enzymes in the brain cease to function.20 Be-
low 29°C (85°F), the hypothalamus loses all ability to reg-
ulate body temperature, worsening the hypothermia.4

The electroencephalogram shows no activity at 20°C
(68°F).3,21 Cerebral edema is possible in moderate to
severe hypothermia, secondary to decreased cerebral
blood flow and ischemic injury.9 Despite this, the marked
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reduction in metabolic demands inherent in the suppres-
sion of brain and muscle activity significantly increases
tolerance to ischemia.3 In a normothermic state, the brain
can withstand 5–6 minutes of ischemia. With every 5°C
(9°F) decrease in core temperature, this time doubles.22

Cardiovascular
With mild hypothermia, there is an initial peripheral
vasoconstriction secondary to sympathetic stimulation.
This minimally decreases heat loss by reducing flow of
heat from the core compartment to the periphery.5 The
sympathetic stimulation also results in tachycardia. In
moderate hypothermia, bradycardia predominates due
to decreased spontaneous depolarization of the cardiac
pacemaker cells.3,9 Because of this, bradycardia caused
by hypothermia is typically unresponsive to atropine.3,9

Moderate to severe hypothermia is also marked by va-
sodilation and hypotension, primarily caused by re-
duced !1-receptor affinity for norepinephrine with de-
creasing temperature.1,23 Hypovolemia secondary to the
diuretic effects of cold (see section on renal effects of
hypothermia) may also contribute to hypotension. The
net effect of these changes is a progressive reduction in
cardiac output as hypothermia progresses.

Arrhythmias and conduction abnormalities are abun-
dant in hypothermic patients. Cold slows myocardial
conduction, resulting in abnormal depolarization and
repolarization. Specifically, prolonged action potential
duration, lengthened PR and QT intervals, and widened
QRS complexes may be seen. 3,24 The J wave or Osborn
wave is a positive deflection at the QRS-ST segment
frequently seen in people with hypothermia.3,24 Dr. Os-
born first identified this ECG “current of injury” at the
J-point in dogs with experimentally induced hypother-
mia in 1953.25 While there are no published reports of
this finding in clinical veterinary medicine, it may be
seen rarely in a clinical setting.12 Initially thought to
be pathognomonic of hypothermia, the J-wave has also
been identified in people with other conditions such
as hypercalcemia, or can be an inherited variation.26,27

When associated with hypothermia, the amplitude, and
duration have been observed to increase with decreas-
ing body temperature, and a visible J-wave can persist
for 12–24 hours after normothermia is achieved.28 The
J-wave typically resolves with rewarming and does not
require specific treatment.

Sinus bradycardia, junctional bradycardia, premature
atrial, and ventricular beats, atrial fibrillation, idioven-
tricular rhythm, ventricular tachycardia, and ventricular
fibrillation are arrhythmias documented in people with
hypothermia.24 Both slow and rapid atrial fibrillation as
well as ventricular tachycardia have been documented in
hypothermic dogs, and isorhythmic AV dissociation in

1 cat.29–32 Atrial fibrillation is the most common arrhyth-
mia in severely hypothermic people, and appears to be
common in veterinary patients as well.24,33 Ventricular
fibrillation becomes increasingly common with decreas-
ing temperature, and at lower temperatures will be re-
fractory to defibrillation until the body temperature is in-
creased above 26–27°C (80–82°F).9 As noted previously,
hypothermia-induced bradyarrhythmias typically are
refractory to atropine; in addition, they are often refrac-
tory to pacing due to higher electrical thresholds being
required.24 Most arrhythmias and conduction abnormal-
ities resolve spontaneously and do not require specific
treatment aside from rewarming. If rewarming does not
occur, bradycardia eventually progresses to asystole.

Respiratory
Mild hypothermia is marked by tachypnea, increased
respiratory secretions and bronchospasm.3,14 Moder-
ate hypothermia results in respiratory depression
(slower respiratory rate and smaller tidal volumes) be-
cause carbon dioxide production decreases secondary
to decreased metabolism. Respiratory depression can
progress to apnea in severely hypothermic patients. A
left shift of the oxygen-hemoglobin dissociation curve
occurs at 30°C (86°F), impairing oxygen offloading to
tissues.3 This, along with capillary blood sludging, pre-
disposes to peripheral tissue hypoxia.13 However, oxy-
gen consumption and carbon dioxide production de-
crease to 50% at 30°C (86°F).3 Due to these reduced
metabolic requirements, the cellular damage is mini-
mized despite the hypoxic environment.14

Hepatic/gastrointestinal
Hypothermia results in reduced hepatic blood flow,3

hepatic enzyme activity, hepatic metabolism,1 and bile
flow.34 Hepatic impairment reduces clearance of endoge-
nous substances such as lactate as well as medications.3

Therefore, any drugs that require hepatic metabolism
should be administered cautiously during hypothermia.
The metabolism of many medications has been docu-
mented to be affected by hypothermia, including propra-
nolol, fentanyl, morphine, midazolam, phenobarbital,
pentobarbital, propofol, volatile anesthetics, and neuro-
muscular blocking agents such as vecuronium, rocuro-
nium, and atracurium.18,34

Decreased gastrointestinal motility occurs at core
temperatures of 34°C (93.2°F), and generalized ileus
is observed by 28°C (82°F).3 There is increased risk
of gastrointestinal ulceration in hypothermic patients,
likely due to reduced local perfusion, increased gas-
tric acid production, and reduced duodenal bicarbon-
ate secretion.3,35 Pancreatitis was commonly noted on
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autopsy in people who succumbed to hypothermia36

and is thought to be secondary to poor perfusion
and microcirculatory thrombosis.3 Insulin production
is decreased during hypothermia, which can result in
hyperglycemia.9

Renal
The phenomenon of “cold diuresis” is one of the earliest
effects of mild hypothermia, and occurs before any re-
duction in core temperature.3 Cold diuresis refers to the
increase in urine production with exposure to cold tem-
peratures, and is initially caused by increased renal blood
flow secondary to peripheral vasoconstriction.3 With
progression of hypothermia, this diuresis is augmented
by reduced antidiuretic hormone concentration.9 Fluid
loss at this stage can be dramatic and result in hypov-
olemia. In moderate to severe hypothermia, renal blood
flow is reduced due to low cardiac output and the hypo-
volemia from the earlier diuresis.18 Acute kidney injury
is common in people with accidental hypothermia and
is characterized by ischemic injury on histopathologic
examination.3

Clinical pathology abnormalities
The effects of hypothermia on the coagulation system are
complex, but culminate in a clinically hypocoagulable
state. Cold directly inhibits the enzymatic clotting cas-
cade despite normal concentrations of clotting factors.37

This process is not reflected in standard prothrom-
bin/activated partial thromboplastin time (PT/aPTT)
analysis since the blood is warmed for testing.37 There-
fore the hypothermic patient will likely have normal
PT/aPTT values despite the clinical coagulopathy. A sig-
nificantly prolonged PT/aPTT should trigger a search for
concurrent disease or toxicosis. The inhibition of coag-
ulation factors is reversible with rewarming alone; ad-
ministration of plasma products in these patients is not
appropriate.3,37 Contributing to the coagulopathy is the
effect of hypothermia on platelet function and transient
thrombocytopenia. Platelets are temporarily sequestered
in the spleen and liver in hypothermic patients; this ab-
normality is typically reversed with rewarming.9 Poor
platelet aggregation due to impaired platelet function
also occurs and is multifactorial. Production of throm-
boxane B2 (a marker of thromboxane A2 concentration)
is temperature dependent;38 hypothermic patients also
have decreased platelet granule secretion and decreased
von Willebrand factor receptor expression.39

A recent study investigating the effect of in vitro hy-
pothermia on thromboelastography tracings found tem-
peratures ! 30°C (86°F) resulted in a significant increase
in K values and decrease in ! values.40 K and ! values are

both numeric values derived from the TEG tracing curve,
and are indications of the rate of clot formation.41 The ul-
timate strength of the clot was not affected.40 It is impor-
tant to note this was an in vitro study and samples were
obtained from healthy, normothermic animals. Throm-
boelastography has been evaluated in healthy dogs with
induced hypothermia; prolonged R and K times were
identified.42 R time corresponds to the time from the
start of the test, to the initial formation of a fibrin clot.41

This study also identified reduced platelet counts and
reduced platelet aggregation in these dogs.42

Leukopenia often occurs in response to hypothermia
and may be noted on CBC.43 This is typically attributed
to a decreased circulating pool of leukocytes, impaired
release from bone marrow, and compromised neutrophil
and monocyte migration into tissues, although the exact
mechanism of these changes is poorly understood.44,45

These changes are associated with increased infection
rate and impaired wound healing in people with peri-
operative hypothermia,46 but this has not been found in
dogs.47

Electrolyte imbalances are often seen in hypother-
mia and are unpredictable.1 In general, patients tend
to exhibit serum hyponatremia and hyperkalemia due
to reduced function of membrane sodium/potassium
pumps.9 In people, serum potassium concentration >

12 mmol/L is considered a negative prognostic indi-
cator and is cited as a deciding factor for termination
of cardiopulmonary resuscitation of the hypothermic
patient.17

Blood glucose concentration is frequently affected by
hypothermia and depends greatly on the temperature
and duration of exposure. Hyperglycemia is seen early
in hypothermia and can be attributed to the effects of
increased sympathetic tone and decreased insulin pro-
duction. Hypoglycemia may develop in prolonged or
severe hypothermia, and is due to consumption of phys-
iologic energy stores, decreased gluconeogenesis, and
diuresis.20

Diagnosis

Any patient presenting with a history of exposure to
cold temperatures should have a temperature mea-
sured. Core temperature measurements are ideal; in
human medicine a probe in the distal one-third of
the esophagus is preferred for core temperature mea-
surement in hypothermic, intubated patients.2 Rectal
temperature measurement at 15 cm is recommended in
people when esophageal measurement is not possible,
but tends to lag behind core temperature changes.2

Infrared measurements of skin temperature, aural, and
oral thermometers are often inaccurate in hypothermic
people, presumably secondary to vasoconstriction and
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wider-than-normal core to peripheral temperature
gradient.2 In addition, rectal thermometers commonly
used in veterinary medicine do not register tempera-
tures in the ranges of moderate to severe hypothermia.
This could lead to underestimation of the severity
of the patient’s condition. The use of nonstandard
thermometers, such as electronic thermistor-type probes
is recommended.2,9

Ruling out death in severely hypothermic patients can
be challenging. The combination of unconsciousness,
bradycardia, poorly palpable pulses, and hypoventila-
tion may lead to a misdiagnosis of death. In people, de-
termining if a patient is truly deceased or has a chance
of recovery with aggressive care is important, as this
may direct a rescue team toward discontinuing resus-
citation efforts. The delineation between Hypothermia
Level IV (apparent death) and Hypothermia Level V
(death due to irreversible hypothermia) is made based on
electrocardiographic and physical examination findings,
serum potassium concentration, and may be correlated
to core temperature (Table 3).17 An electrocardiograph
should be performed to confirm a lack of electrical activ-
ity, and emergency room ultrasound can be utilized to
visualize cardiac contractions.20 Even patients present-
ing with true asystole may be able to recover; resuscita-
tion even after hours of cardiac arrest in people has been
documented.17

Therapy

Rewarming should be considered the main treatment
for primary hypothermia. It is important to attempt to
identify underlying causes of secondary hypothermia
and to treat these concurrently.

Rewarming
Three methods of rewarming are recognized: passive
surface, active surface, and active core rewarming. Pas-
sive surface rewarming allows the animal’s intrinsic heat
production to increase core temperature via shivering
while preventing further heat loss. These methods in-
clude drying wet fur and covering with blankets or bub-
ble wrap, and are best suited to an otherwise healthy
patient with mild hypothermia.1,14 Passive surface re-
warming will likely be ineffective as a sole treatment if
there is an absence of shivering.24

Active surface rewarming applies heat to the surface
of the animal to increase core temperature. These meth-
ods include water blankets, forced warm air, heat lamps,
and water bottles; these are ideal for patients with mod-
erate to profound hypothermia. Care must be taken to
avoid burns since patients may not be able to move away
from a heat source and vasoconstricted skin cannot dif-
fuse direct heat appropriately. It has been suggested that

active surface rewarming be applied only to the trunk;
heat applied to the limbs may result in peripheral vasodi-
lation, hypotension, and decreased neuronal feedback to
the thermoregulatory center.1

Active core rewarming involves directly supplying
heat to the core compartment, and can involve a range
of interventions. These include warmed intravenous flu-
ids, warmed/humidified inhaled air, warm water ene-
mas, warm urinary bladder/peritoneal/pleural lavage
with sterile isotonic crystalloid fluid, and extracorporeal
rewarming. It has been recommended to warm IV fluids
to 40–42°C (104–107.6°F), and peritoneal/pleural lavage
to 40–43°C (104–109.4°F).13 Fluids can be warmed using
numerous methods, including but not limited to immer-
sion of IV tubing in warm water, microwaving of the
fluid bag, in-line fluid warmers, and prewarming of flu-
ids in a convection oven.48,49 Microwave heating of fluid
bags has been shown to be an effective way to increase
the temperature, but there can be major differences in
amount of time required to warm to the appropriate
temperature. One group suggested a mathematical al-
gorithm to calculate the time necessary, based on the
wattage of the microwave, and overall recommended
microwaving for < 80 seconds to avoid overheating.50 In
addition, there are concerns regarding uneven heating
and potential instability of the non-polyvinyl chloride
components of the bags during microwaving.51,52 Warm-
ing of the fluid bag alone may be insufficient to provide
warm fluids to the patient, as significant heat is lost in the
fluid line.53 An in-line warming device can significantly
increase the outflow temperature of fluids.48

Warmed, humidified air is most easily administered
in intubated patients using commercial humidifiers, but
there are also devices that deliver warmed, humidified
oxygen to the spontaneously breathing patients.a The
benefit of warmed air is not the overall increase in core
temperature, as this is typically only 0.5°C ("1°F) per
hour. It is instead delivery of warm air directly to the
major vessels in the neck and chest, and thereby warming
of the brainstem and cardiac tissue.54

When core rewarming is instituted, active surface re-
warming should always be performed concurrently to
avoid creating temperature gradients.1 Core rewarming
methods are typically reserved for severe to profound
hypothermia, although there is no contraindication to
using some of the less invasive core warming meth-
ods (warmed inhaled air, warmed intravenous fluids) in
moderate hypothermia. It is recommended to maintain
active rewarming until 37°C (98.6°F) to restore coagu-
lation and cardiovascular function to normal.1 Once a
patient has been rewarmed to this temperature, with-
drawal of active forms of rewarming with continued
passive rewarming is prudent to avoid creating hyper-
thermia. Body temperature should be monitored closely
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even after active rewarming stops so that subsequent
temperature decreases can be identified and active re-
warming reinstated as indicated.

Prehospital rewarming is instituted during the rescue
of hypothermic people; the intensity varies depending
on the degree of hypothermia. Mildly affected patients
who are still shivering are typically treated by prevent-
ing further heat loss (exchanging wet clothes for dry,
insulating the patients) and providing hot drinks, and
such people are not always hospitalized.17 Similar steps
such as drying the haircoat and wrapping in blankets
seem reasonable for owners to take during transport
of mildly affected (conscious and shivering) hypother-
mic veterinary patients. Any patient that is more
severely affected (not shivering or unconscious) must
be treated more gently; people with more advanced
hypothermia are handled carefully to avoid triggering
life-threatening arrhythmias.17 “Rescue collapse” is
cardiac arrest that occurs in deeply hypothermic people
related to rescue and transport, and is due to cardiac
arrhythmias triggered by interventions such as catheter-
ization and inadvertent further cooling.2 While this
complication has not been documented in veterinary
patients, owners should be instructed that any uncon-
scious or non-shivering veterinary patient suspected
to be hypothermic should be transported rapidly and
carefully to a veterinarian, with rewarming instituted
at the hospital. If there is likely to be a significant delay
until an owner can reach a veterinarian, beginning
passive and active surface rewarming is reasonable until
appropriate veterinary care can be instituted.

Other therapies
Fluid support during rewarming is essential, as patients
typically will be hypovolemic due to earlier cold di-
uresis. Fluid overload can occur if normal shock vol-
umes are administered due to the return of vascular tone
with rewarming and endothelial leakage, particularly in
cats.1 Moderate intravascular support through a com-
bination of crystalloids and colloids should be goal di-
rected and involve frequent reassessment. Fluids should
be supplemented with glucose and electrolytes as clini-
copathologic data dictate. In addition, administration of
room-temperature fluids may result in further drop in
core temperature, and thus fluids should be warmed to
avoid this.1,55 Vasopressors should be reserved for those
with hypotension unresponsive to fluid therapy, but are
likely to be ineffective unless adequate rewarming is also
provided.24

As neutrophil function is decreased in hypothermia,
and leukocyte sequestration occurs, prophylactic an-
tibiotics may be administered at the discretion of the
clinician. Antibiotics are recommended in people with

primary hypothermia who are pediatric, geriatric, or
immunocompromised.14,20 Hypothermic patients may
have reduced hepatic metabolism and therefore it is rea-
sonable to avoid administration of antibiotics until nor-
mothermia is achieved.

Despite the presence of coagulopathy in hypothermic
patients, plasma transfusion is not recommended. As
noted previously, there is no inherent coagulation factor
deficiency, simply an inhibition of the enzymatic reac-
tions. Therefore supplementing plasma will not correct
the coagulopathy; only rewarming can reverse the co-
agulopathic defect.3,9 In addition, transfused plasma is
typically administered at room temperature, which may
lead to further core temperature drop.

There has been no benefit seen to corticosteroid or
thyroxine administration in people; therefore, their rou-
tine use in hypothermic veterinary patients cannot be
recommended.56 Mentation should be monitored with
rewarming, and if not improving despite increasing core
temperature, cerebral edema may be present and should
be treated with standard hyperosmotic agents such as
mannitol.

Antiarrhythmic therapy may be warranted and
should be tailored to the specific arrhythmia present.
Ventricular fibrillation may be unresponsive to defib-
rillation until significant rewarming has taken place.
Pacing for bradyarrhythmias is generally not re-
quired and may be ineffective due to higher threshold
requirements.24 In fact, excessive increase of the heart
rate in a hypothermic patient may decrease myocardial
contractility.34,57 Any treatment in these cases should not
be considered ineffective until it has been administered
to a normothermic patient without the desired response,
as the majority of arrhythmias and ECG abnormalities
resolve spontaneously with rewarming.24

Should cardiopulmonary arrest be present in a
severely hypothermic patient, prolonged resuscitation
may be required and can be successful.58 In human lit-
erature, there are numerous reports of patients surviv-
ing seemingly insurmountable periods of non perfus-
ing ventricular fibrillation or even asystole. The lowest
recorded core temperature in a surviving person was
13.7°C; this patient survived with neurologic deficits.59

Two hundred seventy-three minutes of manual CPR in
a hypothermic patient is the longest recorded with in-
tact neurologic outcome, although manual CPR was fol-
lowed by cardiopulmonary bypass in this case.60 One
man was resuscitated through cardiopulmonary bypass
and extracorporeal rewarming and had complete recov-
ery after 6 hours and 52 minutes of hypothermic cardiac
arrest.60 There is 1 report of a man with hypothermic
cardiac arrest resuscitated after 6.5 hours of manual CPR
with peritoneal lavage, warm intravenous fluids, and
blankets.61 It was 70 minutes from the onset of cardiac
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arrest until start of CPR. While family members did not
find him to be mentally altered, his physicians found
he had “slow cerebration” on examination.61 Peritoneal
lavage and warm intravenous fluids were successfully
used as the sole methods of rewarming in an elderly pa-
tient in ventricular fibrillation with a core temperature
of 24°C (75.2°F).62 Such reports are important because as
veterinarians, we often receive patients after prolonged
cardiopulmonary arrest, and these cases show that sur-
vival may be possible in cases of hypothermia. While
extracorporeal rewarming is limited to centers offering
dialysis or cardiac bypass, other rewarming techniques
used in the reports can be used in any facility. Extracor-
poreal rewarming has long been considered the gold
standard of care in people with hypothermic cardiac
arrest.63 A recent review of accidental hypothermia rec-
ommended avoiding extracorporeal rewarming unless
the patient does not respond to standard medical ther-
apy, due to the risks of hemorrhage and thrombosis.2

In regards to specific medications and therapies dur-
ing CPR in the hypothermic patient, guidelines vary in
human medicine. The American Heart Association rec-
ommends administering vasopressors and defibrillation
according to standard advanced life support guidelines
concurrent with rewarming.64 The European Resuscita-
tion Council recommendations differ slightly. This group
recommends up to 3 defibrillations in severe hypother-
mia, but if these are unsuccessful, withholding addi-
tional attempts until the core temperature exceeds 30°C
(86°F). They also recommend withholding epinephrine
until the temperature is > 30°C (86°F), and doubling the
interval between doses until > 35°C (95°F).65 There have
not been guidelines regarding hypothermic cardiopul-
monary resuscitation published in veterinary medicine.

Complications

Complications associated directly with rewarming can
include afterdrop, rewarming shock, increases in the
metabolic rate and subsequent increases in oxygen con-
sumption, burn injury from surface rewarming, and
overzealous treatment resulting in hyperthermia.1,13 The
“afterdrop” phenomenon, in which body temperature
drops during rewarming, is theorized to be due to move-
ment of cold peripheral blood to the core, and warm core
blood to the periphery.1 It is important to anticipate the
possibility for afterdrop as rewarming begins and take
care to actively warm the animal’s trunk rather than ex-
tremities, and to use core rewarming techniques when
possible. Proper application of active external and min-
imally invasive core rewarming has eliminated reports
of afterdrop in human medicine.2

Rewarming shock refers to surface rewarming result-
ing in rapid peripheral vasodilation and blood pooling,

particularly evident when extremities are warmed in the
absence of core rewarming. An already compromised
cardiovascular system is unable to compensate for this,
and hypotension and distributive shock result.1,13 Fluid
therapy with warmed IV fluids concurrent with external
rewarming is recommended to avoid rewarming shock
and afterdrop.1 However, cats in particular appear to
be prone to volume overload as temperature returns to
normal.1 Fluid therapy should be goal directed in all
patients, and may need to be more conservative in hy-
pothermic cats. “Rescue collapse,” or cardiac arrest sec-
ondary to rescue efforts, is the most dramatic immediate
complication seen in severely hypothermic people.2

Following the rewarming period, there is a high rate
of multiorgan dysfunction in people, presumably sec-
ondary to ischemia-reperfusion injury. This can require
hemodialysis, mechanical ventilation, and extended hos-
pital stays. In veterinary patients, these complications
can be not only life threatening, but may result in eu-
thanasia due to associated financial burden or poor prog-
nosis. The frequency of multiorgan dysfunction follow-
ing hypothermia in veterinary patients is unknown.

Prognosis

There is no validated prognostic indicator of survival
from hypothermia in human or veterinary patients.
Blood potassium concentration, lactate concentration,
and pH have all been evaluated.17 A recent review of
accidental hypothermia victims from Norway supported
that severe hyperkalemia may be prognostic. No patients
with serum potassium concentration > 12 mmol/L sur-
vived, and survivors had significantly lower potassium
concentration on admission than nonsurvivors.58 These
investigators also found better survival in more recent
time periods (1999–2013 compared to 1985–1998), likely
due to more proficient care techniques and changes in at-
titude regarding outcomes in these patients.58 However,
it should be noted this study had a very small sample
size of 34 people.

While cardiac arrest at presentation has not been di-
rectly evaluated, human case reports imply that even
the most severely affected can recover without long-
term complications. There are few indications in peo-
ple with hypothermia to terminate or not attempt CPR;
these include obvious signs of irreversible death (de-
capitation, hemisection, rigor mortis, decomposition),64

avalanche burial for > 35 minutes, airway packed with
snow, serum potassium > 12 mmol/L, and if the patient
is rewarmed to > 32°C with persistent asystole.17 Car-
diac arrest known to occur prior to cooling is associated
with worse outcome in people,2 and cold water drown-
ing may have improved survival over warm water.66
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Therapeutic Hypothermia/Targeted Temperature
Management

Therapeutic hypothermia or “targeted temperature
management” (TTM) is the intentional and tightly con-
trolled reduction of a patient’s core temperature. The
rationale for using TTM varies depending on the dis-
ease being treated but centers around the reduction in
metabolic demand. Following cardiac arrest, traumatic
brain injury (TBI), or global ischemic events, mild hy-
pothermia is proposed to reduce blood–brain barrier
permeability, modulate the inflammatory response, re-
duce cerebral and other organ metabolic demand, re-
duce mitochondrial injury and mitochondrial dysfunc-
tion, attenuate the excitatory neurotransmitter response
and calcium-dependent signaling, reduce reactive oxy-
gen species production, and reduce cell death from
necrosis and apoptosis.67,68 Most importantly, follow-
ing out-of-hospital cardiac arrest of adults, TTM is the
sole treatment shown to improve neurologically intact
survival.69,70 The facts that this treatment does not need
to be in place prior to arrest, and can be instituted after
the return of spontaneous circulation have been key to
its success in human medicine.

Application of TTM in human medicine
The first trials that examined TTM were published in
2002, and similarly reported increased survival and im-
proved neurologic status as compared to standard nor-
mothermic treatment.71,72 Older recommendations for
TTM were cooling to 32–34°C (89.6–93.2°F) for 12–24
hours in adults who are resuscitated following out-
of-hospital arrest with an initial rhythm of ventricu-
lar fibrillation or ventricular tachycardia that remain
comatose.69,70,73 It is thought that patients resuscitated
after pulseless electrical activity and asystole may also
benefit.73 The application in patients having experienced
in-hospital arrest is less clear, with most studies showing
no difference from standard therapy and no improve-
ment in neurologic function. Poor compliance and poor
application of therapy may confound these results.74,75

Currently, the American Heart Association guidelines
state that TTM should be applied in all comatose adult
patients with return of spontaneous circulation after car-
diac arrest, at a selected and steadily maintained temper-
ature between 32-36°C, for at least 24 hours.69 Unlike ear-
lier recommendations, this included patients with any
rhythm, cause of arrest, or location of arrest, due to the
general evidence of benefit and little harm in all groups.
The temperature range was altered to give clinicians a
choice of avoidance of some side effects in patients who
might be at increased risk, such as bleeding at lower tem-
peratures. These guidelines also recommended against

pre-hospital cooling, and emphasize the avoidance of
fever.69 A 2013 Cochrane review investigated the use of
TTM in children, but was unable to comment on efficacy
due to a lack of strong studies.76

Targeted temperature management has also been ap-
plied clinically following TBI. Targeted temperature
management may be effective in patients with TBI with
intracranial hypertension if maintained for 48 hours–-5
days and followed by slow rewarming (1°C ["1.8°F]/4
hours).67 A Cochrane review concluded that TTM may
be effective at reducing death or unfavorable outcome in
people with TBI, but significant benefit was only found
in low-quality trials.77

Process of TTM
The full process of TTM is beyond the scope of this dis-
cussion and the reader is referred elsewhere.34 Briefly,
TTM involves 3 stages: induction, maintenance, and re-
warming. During induction, the goal is to reduce the
core temperature to the chosen level of hypothermia
(typically 32–34°C [89.6–93.2°F]) as quickly as possible.
Cooling techniques involve the use of circulating cool
water pads, cold saline infusion, bladder irrigation, ice
packs, and endovascular catheters to increase convective
or conductive heat loss.34 It has been recommended by
some to avoid the use of ice packs as these have been
associated with overshoot and delayed time to target
temperature. Endovascular catheters are typically mul-
tilumen heat exchangers that allow rapid and precise
cooling. Recently, there has been concern for high risk
of catheter thrombosis using this technique; however
the rate of thrombus formation was similar to other
indwelling femoral catheters and the risk was reduced
with concurrent use of heparin.78

During the maintenance phase of TTM, the tem-
perature is tightly controlled and only minor fluctu-
ations are acceptable (0.2–0.5°C ["0.36–0.9°F]).34 Cur-
rent recommendations are to maintain hypothermia
for 12–24 hours.69 During this time, intensive nursing
care is required and mechanical ventilation is typically
necessary.79 In the rewarming phase, the core tempera-
ture is slowly increased to normothermia, with special at-
tention to avoiding hyperthermia. This is typically done
at a rate of 0.2–0.5°C ("0.36–0.9°F)/hour.34 Temperature
must be monitored carefully and the gold standard is
considered to be blood temperature measured with a
pulmonary arterial catheter.34 Most other devices do not
detect changes in core temperature rapidly enough to
work with the fast-acting cooling devices now in use,
and the lag time can result in overshoot and excessively
low core temperatures.34 Esophageal and rectal temper-
atures can be used, but have lag times of approximately
5 and 15 minutes compared to the gold standard.34
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Each stage has its own challenges and associated com-
plications. Induction is associated with hypovolemia,
electrolyte disturbances, and hyperglycemia, although
this can be minimized by rapid induction. Shivering is
also a challenge in this stage; shivering will not only
increase the core temperature but also increases the
metabolic rate and oxygen consumption. This can be
avoided with proper sedation and analgesia; small doses
of opiates are effective at attenuating shivering in peo-
ple. Benzodiazepines, propofol, and clonidine are also
frequently used. Paralytic agents are reserved for short-
term use and are not recommended for use during the
maintenance phase. Surface or skin counterwarming is
the process of providing warmth to the hands, face, or
feet, and is effective at reducing shivering in people.34

In the maintenance phase, complications are similar to
those seen with any prolonged sedation, such as bed
sores, pneumonia, and other infections.34 With rewarm-
ing comes the return of electrolyte and hemodynamic im-
balances, which are best avoided with slow rewarming.34

A recent trial by Nielsen et al examined the appli-
cation of TTM at 33°C versus 36°C (91.4 versus 96.8°F)
and found no difference in mortality and neurologic out-
come between these groups.80 There was an increase in
serious adverse effects in the 33°C group, such as hy-
pokalemia and longer duration of ventilation than in the
36°C group.80 This study included patients with arrest
rhythms other than ventricular fibrillation or pulseless
ventricular tachycardia; therefore, further study is re-
quired to determine if there should be a change in stan-
dard temperature goals.

Adverse effects
Adverse effects related to TTM reflect the expected ef-
fects of mild hypothermia on all body systems. While
some of these effects are “normal” or “physiologic” for
a hypothermic patient, they may be undesirable and re-
quire treatment nonetheless.34 A recent review of out-of-
hospital cardiac arrest patients treated with TTM found
arrhythmias, pneumonia, metabolic, and electrolyte dis-
orders, and seizures to be common.81 The occurrence of
seizures was within the range previously reported for pa-
tients following cardiac arrest. Sustained hyperglycemia
and seizures treated with anti-convulsants were asso-
ciated with increased mortality; however, this associa-
tion has been demonstrated previously in other critically
ill populations and thus may be unrelated to the TTM
specifically. This study also found an increase in bleed-
ing events and sepsis following invasive procedures but
these were not associated with increased mortality.81 In
fact, despite the known multifactorial coagulopathy in
hypothermia, significant bleeding problems in the gen-
eral TTM population have not been reported.34 Shiv-

ering, cardiovascular changes, insulin resistance, de-
creased drug clearance, leukopenia, and thrombocytope-
nia have also been reported as common complications of
TTM.34 Medications cleared through hepatic metabolism
are typically reduced in dose or frequency, and thera-
peutic drug level monitoring is recommended.82 Despite
these effects, the benefits of TTM are generally consid-
ered to outweigh the risks in the studied patient popu-
lations, and the 2012 Cochrane review found there was
no significant difference in adverse events between TTM
and control populations.34,70,81,83

Application of TTM in veterinary medicine
The veterinary literature has limited reports of TTM;
most reports describe its use in select referral centers
to facilitate cardiac bypass and surgery. The cannulae
needed in small breed dogs are often too small to allow
high flow rates typically needed in bypass, with the re-
sult being low venous return to the patient. Induction of
hypothermia decreases oxygen consumption and allows
metabolic demands to be met using the same small can-
nulae and a low flow rate used during cardiac bypass.
This also minimizes organ dysfunction in the event of
low circulation or circulatory arrest.84,85

Moon et al published a case series in 1993 of 19 dogs
where hypothermia was applied intraoperatively in car-
diac or extensive thoracic/abdominal surgery. Thirty-
two percent of the dogs experienced cardiac arrest, al-
though all were successfully resuscitated and overall
90% survived. The temperatures used in this study were
much lower than what is now used in TTM and were ap-
plied for a shorter duration.86 Since that time there have
been numerous case reports and case series describing
the use of TTM in surgical correction of congenital and
acquired heart defects in a number of dogs and 1 cat, with
perioperative survival rates of 93–100%.84,85,87 Hayes et al
published a case report of a dog with TBI and intractable
seizure activity in which TTM was applied as a compo-
nent of the seizure management.88 The patient made a
full neurologic recovery following discharge.88 This is
the first report of therapeutic hypothermia in veterinary
medicine used outside a surgical setting. However, it
should be noted that TTM is not currently recommended
as standard care in people with TBI.77

The use of TTM following cardiac arrest has not been
reported in clinical veterinary medicine. Applications
are somewhat difficult to extrapolate from human litera-
ture, as the recommendations for TTM are generally for
those with out-of-hospital cardiac arrest with ventricu-
lar fibrillation, which is an uncommon rhythm for our
veterinary patients. The recently published RECOVER
guidelines recommend mild therapeutic hypothermia at
33°C (91.4°F) ± 1°C ("1.8°F) for 24–48 hours in dogs and
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cats that remain comatose after successful resuscitation
from cardiopulmonary arrest if mechanical ventilation,
24 hour monitoring, intensive nursing care, and ad-
vanced critical care are available.89,90 If this level of care
is not available, TTM should not be undertaken and
transfer to a tertiary care facility should be considered.
However, if mild accidental hypothermia is present
following cardiac arrest, the RECOVER guidelines
recommend not to rapidly rewarm.89,90 The emphasis
on avoidance of fever in the human literature in post
arrest care should also be considered when managing
these veterinary patients. Future prospective trials on
use of TTM in postarrest care and TBI are needed.

Summary and Recommendations

The effects of accidental hypothermia are complex, af-
fect nearly everybody system, and are potentially life-
threatening. Prominent among these are arrhythmias,
cardiovascular depression, coagulopathy, and a reduc-
tion in the metabolic rate. Aggressive care is required
in most patients, and centers around increasing the core
temperature through a variety of rewarming techniques.
The majority of adverse effects of hypothermia are re-
versible when the core temperature has been returned
to normal. Patients presenting in cardiopulmonary ar-
rest with primary hypothermia may require prolonged
CPR. As evidenced by the human literature, complete
recovery is possible, even without the use of advanced
life support methods.

Targeted temperature management is used frequently
in people who remain comatose after cardiac arrest and
has improved survival and neurologic outcome. Appli-
cation of TTM to veterinary patients at this time is pri-
marily limited to facilitating the use of bypass in cardiac
surgery in small breed dogs. The use of TTM following
cardiopulmonary resuscitation in veterinary medicine
requires further investigation.

Footnotes
a RES-Q-AIR, RESQ Products. Sooke, BC, Canada.
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