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Abstract: Accidental hypothermia is an unintentional drop of core temperature below 35 ◦C. Annually,
thousands die of primary hypothermia and an unknown number die of secondary hypothermia
worldwide. Hypothermia can be expected in emergency patients in the prehospital phase. Injured
and intoxicated patients cool quickly even in subtropical regions. Preventive measures are important
to avoid hypothermia or cooling in ill or injured patients. Diagnosis and assessment of the risk
of cardiac arrest are based on clinical signs and core temperature measurement when available.
Hypothermic patients with risk factors for imminent cardiac arrest (temperature < 30 ◦C in young and
healthy patients and <32 ◦C in elderly persons, or patients with multiple comorbidities), ventricular
dysrhythmias, or systolic blood pressure < 90 mmHg) and hypothermic patients who are already
in cardiac arrest, should be transferred directly to an extracorporeal life support (ECLS) centre. If a
hypothermic patient arrests, continuous cardiopulmonary resuscitation (CPR) should be performed.
In hypothermic patients, the chances of survival and good neurological outcome are higher than
for normothermic patients for witnessed, unwitnessed and asystolic cardiac arrest. Mechanical
CPR devices should be used for prolonged rescue, if available. In severely hypothermic patients in
cardiac arrest, if continuous or mechanical CPR is not possible, intermittent CPR should be used.
Rewarming can be accomplished by passive and active techniques. Most often, passive and active
external techniques are used. Only in patients with refractory hypothermia or cardiac arrest are
internal rewarming techniques required. ECLS rewarming should be performed with extracorporeal
membrane oxygenation (ECMO). A post-resuscitation care bundle should complement treatment.

Keywords: accidental hypothermia; cardiac arrest; cardiopulmonary resuscitation; emergency
medicine; extracorporeal life support; rewarming
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1. Introduction

Accidental hypothermia is the involuntary drop of the core temperature below 35 ◦C [1].
Accidental hypothermia may be caused in a healthy subject by exposure to a cold environ-
ment (primary accidental hypothermia) or triggered by other conditions, most commonly ill-
ness, intoxication, or trauma, called secondary hypothermia (Table 1). The pathophysiology
of accidental hypothermia in injured or ill patients has been described in detail elsewhere [2].
This article does not cover therapeutic hypothermia, which is intentionally-induced hy-
pothermia used in fields such as cardiac surgery, and as part of a post-resuscitation care
bundle after cardiac arrest in neonates and adults.

Table 1. Conditions associated with secondary hypothermia, adapted from [3]. Subtitles are marked
in italics. Reprinted with permission.

Impaired Thermoregulation Decreased Heat Production Increased Heat Loss

Central nervous system failure Endocrine failure Dermatologic lllness

Anorexia nervosa Alcoholic or diabetic ketoacidosis Burns

Stroke Hypoadrenalism Induced vasodilation

Traumatic brain injury Hypopituitarism Medications and toxins

Hypothalamic dysfunction Lactic acidosis

Metabolic failure Iatrogenic

Neoplasm Insufficient fuel Emergency childbirth (possibly without prevention of hypothermia)

Parkinson’s disease Extreme physical exertion Cold infusions

Pharmacologic effects (anaesthetic drugs) Hypoglycaemia Heat-stroke treatment

Stroke, haemorrhagic or ischaemic Malnutrition

Toxins Other associated clinical states

Neuromuscular compromise Carcinomatosis

Peripheral failure Extremes of age Cardiopulmonary disesae

Acute spinal cord transection Impaired shivering Major infections

Peipheral neuropathy Inactivity Multiple trauma

Shock

As accidental hypothermia develops, vital signs decrease until cardiac arrest occurs.
Hypothermia has detrimental effects on the function of multiple organs, including heart,
brain, kidney, blood coagulation, and, possibly, the immune system [4,5]. Overall, acci-
dental hypothermia increases morbidity and mortality in affected victims. The aim of this
work is to provide an up-to-date overview on clinical aspects of accidental hypothermia.

2. Epidemiology

Accidental hypothermia has been recognised since ancient times [6]. Throughout his-
tory, hypothermia has been a disease of war and disasters such as avalanches, earthquakes
and tsunamis [7–9]. Nowadays in developed countries, primary hypothermia affects mainly
people who live, work, and recreate outdoors putting themselves at risk in cold environ-
ments and homeless people. In less developed countries primary hypothermia affects
homeless people and people in mass accidents; for example, victims of avalanches burying
villages and travellers in poorly protected mountain areas. In general, the risk of accidental
hypothermia from exposure to cold increases with decreasing temperature, but many cases
among homeless individuals occur during periods of low and moderate cold stress [10].
Secondary hypothermia has been recognised as a phenomenon in elderly and patients with
multiple comorbidities, mainly in Japan, which has the oldest population worldwide [11].
Countries with comparably old populations may see similar rises in coming decades. In
the United States, primary hypothermia is the cause of at least 1500 deaths a year. From
1995 to 2004 about 15,000 patients presented annually to hospitals with hypothermia and
other cold-related conditions [12]. The incidence of accidental hypothermia in European
countries and New Zealand ranges from 0.13 to 6.9 cases per 100,000 per year [13–16].
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Hypothermia is responsible for about 2 deaths per 100,000 per year in Scotland and 5 per
100,000 per year in Poland [17,18]. Frequencies vary widely because for most countries
no reliable national data are available. No epidemiological data are available from less
developed countries in Africa, South America, and Southeast Asia.

3. Pathophysiology

Humans are homeothermic. Core temperature is tightly regulated with minimal diur-
nal variations at about 37 ± 0.5 ◦C. Central (hypothalamic) and peripheral thermoregulation
(peripheral vasoconstriction and dilation, shivering, and sweating) regulate the core tem-
perature autonomically (Figure 1). Humans may consciously influence core temperature by
behaviour, exercise, and clothing.
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Figure 1. Physiologic pathways of central and peripheral thermoregulation against environmental
cold. Increased sympathetic tone causes cutaneous vasoconstriction reducing skin blood flow,
decreasing heat loss. Vasoconstriction increases insulation of tissue, reducing conductive heat
transfer, and minimising exposure of warm blood to the cold environment (top left). Shivering
thermogenesis in skeletal muscles provides endogenous heat production [19]. The contribution of
shivering to heat production depends on the strength of the cold stimulus. The stronger the stimulus,
the more intense the heat production. The intensity of shivering also depends on the dominant
pattern of shivering, continuous versus burst shivering, and the availability of energy substrates,
mainly glucose. Involuntary shivering can counteract cooling by increasing the endogenous basal
heat production up to 500% of baseline (top right) [20]. Non-shivering thermogenesis occurs in
brown adipose tissue [21]. The source of non-shivering thermogenesis is primarily the uncoupling
of oxidative phosphorylation This is accomplished by a mitochondrial proton leak via uncoupling
protein 1 (UCP1) in the unacclimatised human and an increase in brown adipose tissue thermogenesis
following cold acclimatisation. UCP1 creates a proton leak across the inner mitochondrial membrane,
diverting protons away from ATP synthesis and resulting in heat production (lower left). Behavioural
responses are somatic motor acts primarily directed toward minimising heat loss or generating
endogenous heat. Exercise-induced thermogenesis provides the greatest heat gain, reaching values
up to 15–20 times above the resting metabolic rate. Exercise in cold conditions may not be advisable,
as it carries a risk of overexertion leading to further cooling and circulatory collapse (lower right).
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In a healthy individual, hypothermia can be the result of excessive transfer of energy
to a cold environment through conduction, convection, evaporation, or radiation (primary
hypothermia). Hypothermia can also be caused by conditions that impair thermogenesis or
thermoregulation (secondary hypothermia, Table 1). Children, and small adults with low
body mass indices (BMIs) are most susceptible to hypothermia because of their large body
surface to weight ratios, allowing greater heat loss compared to larger individuals with
normal or high BMIs [22]. Mild or moderate hypothermia can occur in in urban and rural
areas in cold and moderate climates during all seasons [11,23,24]. Natural disasters can
place large numbers of victims at risk for accidental hypothermia [25]. Severe hypothermia
is common in temperate or cold climates as well as in mountain, areas. Predisposing
factors include cold and wet environments, fatigue, exhaustion and high altitude, with
hypoxia. In one study of mountain areas, 57% of severely injured casualties (injury severity
score—ISS ≥ 16) and more than a third of severely injured casualties with traumatic brain
injury were hypothermic at hospital admission [26]. In another study, over 90% of trauma
patients trapped in motor vehicles were hypothermic [27]. Especially in trauma patients,
hypothermia can cause a substantial increase in mortality and complications from decreased
cardiac contractility, dysrhythmias, trauma-induced coagulopathy with increased risk of
bleeding, and diminished inflammatory response [28,29]. A retrospective European trauma
registry study found that 56% of patients at least 16 years, old for whom temperature data
were available, with an injury severity score (ISS) ≥ 9 and a core temperature below 33 ◦C,
seen in the emergency department who died or were admitted to an intensive care unit had
multiple organ system failure. The overall mortality of this group was 32% [30]. Patients
who were transferred directly to the ICU and were not seen in the emergency department
and patients with isolated head injuries were excluded. Since hypothermia is more often
found in severely injured patients, it is difficult to determine if there is a causal relation
between hypothermia and increased mortality [28].

In Japan, hypothermia is a common problem indoors for elderly people with multiple
comorbidities living alone. especially as complication of injury, illness or use of medica-
tions [31]. In many countries, hypothermia affects and often kills the most disadvantaged
members of society, such as homeless people and those addicted to alcohol or drugs.

Hypothermia causes a decrease in vital signs and can lead to cardiac arrest (Table 2).
A windy and wet environment will speed cooling. The wind chill index describes the
combined effect of ambient air temperature and wind speed on the skin surface temper-
ature [32]. In avalanches, the cooling rate of buried victims may reach 9 ◦C/h [9]. The
cooling rate of hyperthermic patients during immersion in water at 1–2 ◦C can reach
5 ◦C/10 min [33]. The cooling rate of normothermic or hypothermic patients in cold water
depends heavily on conditions. It is much slower, but still significant.

Table 2. Classical staging of accidental hypothermia based on clinical signs [34]. Reprinted with
permission. Copyright 2021 European Resuscitation Council.

Stage Clinical Findings Estimated Core Temperature ( ◦C)

Hypothermia I (mild) Conscious, shivering * 35–32 ◦C

Hypothermia II (moderate) Impaired consciousness *; may or may not be shivering <32–28 ◦C

Hypothermia III (severe) Unconscious *; vital signs present <28 ◦C

Hypothermia IV (severe) Apparent death; vital signs absent Classically < 24 ◦C **

* Shivering or consciousness may be impaired by comorbid conditions such as trauma, central nervous system
conditions, toxins or drugs, such as sedative-hypnotic drugs or opioids, independent of core temperature.
** Cardiac arrest can occur at earlier or later stages of hypothermia. Some patients may have vital signs with core
temperatures < 24 ◦C.

A person immersed in cold water (<15 ◦C) can arrest after 30 min [35]. After extrication
from a cold environment, cooling continues by redistribution of the heat from the warm
core to the cold periphery primarily by countercurrent heat exchange in the peripheral
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circulation but also by conduction of heat from the core to cooler surface tissues. Shivering
may be decreased or abolished in patients who are exhausted, sedated, or critically ill.
Without shivering, core temperature drops more rapidly, and spontaneous rewarming
is likely to be impossible. Additional factors that may contribute to rapid cooling are
sweating, impaired consciousness, wearing only a single thin layer of clothing, failure
to cover the head, and a slender body habitus with limited subcutaneous fat. During
avalanche burial, the absence of an air pocket and development of hypercapnia can also
lead to rapid cooling [9].

In young, healthy adults, hypothermia-induced cardiac arrest may occur below 30 ◦C.
In elderly patients and those with comorbidities, the myocardium may become more
irritable and hypothermia-induced cardiac arrest may be triggered below 32 ◦C [34]. Vital
signs may still be present in patients with core temperatures below 24 ◦C [36]. Hypothermic
cardiac arrest is fundamentally different than normothermic cardiac arrest. Treatment and
outcomes differ substantially [37].

Cardiocirculatory collapse during extrication or transfer of hypothermic patients is
referred to as rescue collapse. This can manifest as a witnessed cardiac arrest [38]. The
underlying mechanism is not well understood and may be multifactorial. In hypothermic
patients, rescue collapse may be coincidental during rescue, but is more likely to be caused
by hypovolemia, cardiac dysrhythmias triggered by interventions, such as central venous
catheterisation, biochemical changes, or, most frequently, by mechanical stimuli such as
sudden movement [38,39]. In hypothermic patients, cardiac arrest may also be caused
by afterdrop (further cooling, even after rewarming has started). The main cause of
afterdrop is reperfusion of cold body parts during rewarming, but conductive heat transfer
between colder and warmer body regions may also play a role. In one study, the mean
core temperature of patients with witnessed hypothermic cardiac arrest was 23.9 ± 2.7 ◦C.
Only 2.4% had a core temperature higher than 28 ◦C. In patients with core temperatures
above 30 ◦C there was no cardiac arrest solely attributable due to hypothermia [38,40].
In general, a normal level of consciousness correlates with a low risk of hypothermic
cardiac arrest [41]. Overall, rescue collapse appears to double the risk of death in severely
hypothermic patients [40]. Interventions, such as sudden movements of the patient or
making the patient exercise, that are known to cause rescue collapse should be avoided.

4. Diagnosis of Hypothermia

Out-of-hospital diagnosis of accidental hypothermia may be challenging. Most im-
portantly, accidental hypothermia should be considered and ruled out in patients with a
history of cold exposure or predisposing conditions (Table 1), and if the trunk feels cold
to touch [42]. If core temperature measurement is not available, clinical diagnosis can be
made by evaluating the vital signs (Table 2). Vital signs generally decrease linearly as core
temperature decreases [43]. Shivering is not a consistent symptom. It can be suppressed for
various reasons and should not be used to diagnose the degree of hypothermia. However,
if a patient is shivering, core temperature is ≥30 ◦C. Using the level of consciousness is
the best way to assess hypothermia if a core temperature cannot be measured. However,
level of consciousness may be influenced by factors other than core temperature, such as
intoxication and trauma [3]. The Revised Swiss System should be used if core temperature
cannot be measured (Table 3) [41].

Definitive diagnosis and determination of the level of hypothermia can only be made
by the measurement of core temperature. Because external parts of the body cool more
rapidly than the core, core temperature should be measured as close as possible to the vital
organs (the brain and heart) [42].
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Table 3. Principles of pre-hospital management of hypothermia, according to the revised Swiss system [41].
AVPU: alert, verbal, responsive, unconscious [44]; ECLS: extracorporeal life support. CPR: car-
diopulmonary resuscitation. ‘+’ means recommended; ‘−‘ means not recommended. Reprinted with
permission from [41]. Copyright 2021 Elsevier and European Resuscitation Council [41].

Stage 1 Stage 2 Stage 3 Stage 4

Clinical findings 1 “Alert” from AVPU “Verbal” from AVPU
“Painful” or “Unconscious”

from AVPU Vital
signs present

“Unconscious” from AVPU AND
No detectable vital signs 2

Risk of cardiac arrest 3 Low Moderate High Hypothermic cardiac arrest

Oxygen according to ususal clinical
practice, (goal: SpO2 > 94%) 4 + + + +

Carbohydrates Warm sweet tea,
sweet bars Glucose IV/IO. 5 Glucose IV/IO. 5 −

Active movement + − 6 − −
Passive rewarming + + + +

Active rewarming (+) + + +

Cautious mobilisation/horizontal
transport if possible − + + −

Defibrillation pads - + + +

Intubation - - Consider +

CPR - - - +

Defibrillation - - - + 7

Drugs (CPR) - - - + 8

Hospital with ECLS 9 - - + +

1 In the revised Swiss system, “Alert” corresponds to a GCS score of 15. “Verbal” corresponds to GCS scores of
9–14, including confused patients. “Painful” and “Unconscious” correspond to GCS scores < 9. While shivering is
not used as a stage-defining sign in the revised Swiss system, its presence usually means that the temperature
is >30 ◦C, a temperature at which hypothermic CA is unlikely to occur in healthy patients. 2 No respiration, no
palpable carotid or femoral pulse, no measurable blood pressure. Check for signs of life (pulse and, especially,
respiration) for up to 1 min. 3 The transition of colours between stages represents the overlap of patients within
groups. The estimated risk of cardiac arrest is based on accidental hypothermia being the only cause of the
clinical findings. If other conditions impair consciousness, such as asphyxia, intoxication, high altitude cerebral
oedema or trauma, the revised Swiss system may falsely predict a higher risk of cardiac arrest due to hypothermia.
Caution should be taken if a patient remains “alert” or “verbal” showing signs of haemodynamic or respiratory
instability such as bradycardia, bradypnoea, or hypotension because this may suggest transition to a stage
with a higher risk of cardiac arrest. 4 Might be difficult to measure because of peripheral vasoconstriction.
5 Glucose should be given for hypoglycaemia. If point-of-care glucose testing is not available, glucose can be
given empirically to a hypothermic patient with altered mental status. 6 Active movement allowed if distinct
shivering is present and the patient is already standing or ambulating.7 If ventricular fibrillation persists after
three shocks and the temperature is <30 ◦C, delay further attempts of defibrillation until temperature > 30 ◦C.
8 Withhold epinephrine (adrenaline) and amiodarone if temperature < 30 ◦C; increase interval of administration
to 6–10 min for epinephrine if temperature 30–35 ◦C. 9 In addition to patients in cardiac arrest, patients with core
temperatures < 30 ◦C, systolic blood pressure < 90 mmHg, or ventricular dysrhythmias, should be transferred
directly to an extracorporeal life support (ECLS) centre; (+) means can be considered.

The ideal thermometer would be minimally invasive, easy to use, hygienic, indepen-
dent of environmental conditions, measures core temperature with high accuracy, and
has a short response time [42]. No temperature measurement device exists that satisfies
all these requirements. All thermometers have spatial and temporal variations in mea-
surement [45]. Only a few studies have assessed core temperature measurement in severe
hypothermia in humans and even fewer have assessed core temperature measurement in
cold environments [45–55].

Table 4 shows the methods of core temperature measurement with their characteristics,
and limitations. Peripheral measurements such as skin, so-called temporal artery, oral, and
axillary temperatures and infrared tympanic temperatures, are influenced by environmental
conditions and are not accurate in hypothermia [42,54,56]. An exception is the thermistor-
based epitympanic temperature measurement, using a device intended for outdoor use
with good insulation, if the external auditory canal is patent [49,55].
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Table 4. Measurement of core temperature in hypothermia, from least to most invasive.

Type of
Measurement Characteristics Limitations

Suitability for Core
Temperature

Measurement in
Hypothermia

Feasible in Hospital
(IH) or Out of
Hospital (OH)

References

Touching the skin of
torso torso

• No equipment needed
• High negative predictive value

• Rough estimate, only
• Not validated for use in cold environments (+) (OH)/IH [57]

Temporal artery
(infrared)

• Rapid, non-invasive,
convenient, low cost,
hygienic measurement

• Serious time lag during cooling
and rewarming

• Strongly affected by ambient temperature,
positioning and vasomotor activity

• Low accuracy

- None [50,56,58–62]

(Forehead) skin
(infrared radiation,
electronic thermistor,
liquid crystal strip)

• Rapid, non-invasive,
convenient, low-cost,
hygienic measurement

• Can be several degrees lower than
core temperature

• Highly influenced by ambient temperature
- None [47,50,54,63,64]

Temporal microwave
thermometer

• Rapid, non-invasive,
easy to use

• Correlates well with brain
temperature, even in
severe hypothermia

• Still experimental, but promising (+) IH [46]

Zero-heat-flux
thermometer on the
forehead. Deep tissue
temperature is
measured at the skin
by an insulated
temperature probe)

• Rapid, non-invasive,
convenient measurement

• Good agreement with core
temperature in normothermia
and mild hypothermia

• Equilibration takes several minutes
• Poor agreement with decreasing core

temperature (not reliable below 34 ◦C)
• Has not been tested in cold environments

- IH [42,47,64–66]
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Table 4. Cont.

Type of
Measurement Characteristics Limitations

Suitability for Core
Temperature

Measurement in
Hypothermia

Feasible in Hospital
(IH) or Out of
Hospital (OH)

References

Axillary
(electronic device or
glass thermometer +)

• Rapid, non-invasive, hygienic,
convenient measurement

• Strongly affected by ambient temperature
and positioning

• Reading is lower than in other locations
• Significant time lag during cooling

or rewarming
• Low accuracy

- None [50,54,56,60]

Tympanic
(infrared radiation)

• Rapid, non-invasive, hygienic,
convenient measurement

• Inaccurate in hypothermic patients
• Inaccurate in cold and hot environment, if

incorrectly positioned, with otitis media
(hyperaemia and inflammation), if the
tympanic membrane is blocked by ear wax,
or with water or snow in the external
auditory canal

• Low accuracy

- (IH) [42,50,52,56,58,62,67–69]

Epitympanic
(electronic thermistor)

• Good correlation with arterial
blood temperature, even in
rapid cooling and rewarming

• Reliable for non-intubated
patients in out of hospital use

• Strong correlation with brain
temperature in several studies

• Requires open extrenal auditory canal,
good insulation, and fixation

• initially requires a few minutes to stabilise
• Not widely available
• Influenced by head and neck temperature
• Inaccurate during cardiac arrest
• Not as accurate as bladder or rectal core

temperature measurement during
steady state

+ OH/IH [42,48,49,51,53,55,70,71]

Oral (electronic
thermistor or glass
thermometer +)

• Rapid, non-invasive, hygienic,
convenient measurement

• Influenced by positioning, breathing with
open mouth

• Not accurate in hot and cold environment
• Low accuracy
• Influenced by head and

cervical temperature

- IH [70]
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Table 4. Cont.

Type of
Measurement Characteristics Limitations

Suitability for Core
Temperature

Measurement in
Hypothermia

Feasible in Hospital
(IH) or Out of
Hospital (OH)

References

Nasopharyngeal
(electronic thermistor)

• Rapid, minimal invasive
• Estimates brain temperature if

placed approximately
10–14 cm deep

• Only in sedated or anaesthetised patients
• False readings during cooling and

rewarming because adherence to adjacent
tissue not assured

+ OH/IH [72]

Gastrointestinal
temperature
(telemetry
temperature sensor)

• Higher validity compared to
rectal measurement

• Slower response to changes than
oesophageal measurement

• Experimental
• Unpredictable location.
• Impractical. Must be ingested 4 to 8 h

before use

- None [50,72]

Oesophageal
(electronic thermistor)

• Lower third of oesophagus
(approx. 40 cm insertion depth
from the incisors)

• Good correlation with arterial
blood temperature, especially
in steady state

• Standard for out-of-hospital
intubated patients

• Inaccurate values during open chest
surgery with cardiac cooling

• Insertion of probe may provoke vomiting
and aspiration, nasal bleeding, cardiac
arrhythmias, and cardiac arrest. Can be
misplaced in the trachea.

• Relatively contraindicated in patients with
unsecured airways.

+ OH/IH [42,48,54,56,63,73,74]

Bladder (electronic
thermistor)

• Close correlation with arterial
blood temperature in
steady state

• Reliable core temperature for
in-hospital use, widespread use

• Cand be used in combination
with monitoring of
urine output.

• Lags during cooling or rewarming,
although less than with
rectal measurement)

• Influenced by urine output (Cold diuresis
increases urine output.)

• Reasonable if urinary catheter required.
May be embarrassing for the patient. Care
needed to place hygienically.

+ IH [42,47,48,51,56,62,71]
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Table 4. Cont.

Type of
Measurement Characteristics Limitations

Suitability for Core
Temperature

Measurement in
Hypothermia

Feasible in Hospital
(IH) or Out of
Hospital (OH)

References

Rectal (electronic
thermistor or glass
thermometer +)

• Close correlation with arterial
blood temperature in
steady state

• Inaccurate if placed into stool.
• Probe should be inserted 15 cm

past rectum
• Significant lag time during cooling

and rewarming.
• May be embarrassing for the patient.

Non-hygienic
• Possible perforation of the rectum

+ IH [42,48,51,54,56,63,71]

Pulmonary artery
catheter (electronic
thermistor)

• Directly measures the
temperature of blood leaving
the heart. Defines
core temperature.

• Not available out of hospital or in
many hospitals

• Very invasive, with potential for
severe complications.

+ IH [42,47,48,54,56]

Brain temperature • Measures the temperature of
the brain

• Good correlation with core temperature
• Only possible in experimental settings or

during neurosurgery
• In general, it is difficult to track brain

temperature with other monitoring sites.

+ IH [48,51,54,63]

+ Thermometers filled with mercury or other liquids can no longer be purchased. Heat is infrared radiation from 300 GHz to 1 THz. Microwave radiation has a frequency of 1 GHz to
300 GHz; (+) means can be considered, ‘+’ reasonable, ‘-‘ not reasonable.



Int. J. Environ. Res. Public Health 2022, 19, 501 11 of 25

Nonvascular central thermometers, such as oesophageal, urinary bladder, rectal, and
nasopharyngeal thermometers, correlate well with pulmonary artery catheter measurement,
the most accurate method of measuring core temperature, in the steady state [54,55,73].
During rapid temperature changes, nonvascular central thermometers readings lag behind
true core temperature because they are influenced by the surrounding tissue and body
contents, such as air, urine, and stool, that have thermal inertia [45,48,54,63]. Nonvascular
thermometers are most reliable during a thermal steady state, but readings are still often
discordant [54]. If accurate knowledge of true brain temperature is critical, oesophageal or
epitympanic temperature should be measured [54].

New methods, such as microwave and zero-heat-flux thermometers are being devel-
oped for non-invasive temperature measurement. However, they are still experimental
and not yet suitable core temperature measurement in deep hypothermia (<28 ◦C) or in
a cold environment [46,47,65]. In practice, a rough initial out-of-hospital estimate of core
temperature can be made by touching the patient’s chest and by using the revised Swiss
system. If core temperature measurement is available, it is best made using a thermistor-
based epitympanic probe in non-intubated patients and using an esophageal probe in
intubated patients [42,73]. Out-of-hospital deep nasopharyngeal measurement (10–14 cm)
may be an alternative in patients with impaired consciousness and without a secure airway
if no thermistor-based epitympanic device is available [54,72]. In hospital, urinary bladder
temperature is a widely used alternate method [42]. Infrared epitympanic devices are
suitable for screening for hypothermia, but not for monitoring core temperature.

5. Treatment
5.1. Out of Hospital

Core temperature can decrease during medical care, with exposure, analgesia, anaes-
thesia, and infusion of fluids [75]. It is critical to prevent or slow further heat loss, and to
start rewarming as soon as possible.

Prevention of further heat loss
Normothermia should be maintained, but prehospital rewarming is not feasible in

most emergency medical systems because of limited equipment and short transport times
(<1 h). The emphasis should be on preventing further heat loss. Essential measures for
hypothermic patients in the pre-hospital setting are extrication from the cold environment,
limitation of further heat loss and rapid transfer to hospital [34,39,76]. Patients with im-
paired thermoregulatory mechanisms and decreased ability to shiver because of conditions
such as trauma, secondary hypothermia, use of sedative drugs, or neuromuscular blockade,
are at high risk of developing severe hypothermia and hypothermic cardiac arrest [34,39].
Prevention of hypothermia is essential to avoid complications of hypothermia and in-
creased mortality. The principles of pre-hospital management of hypothermia depend on
the clinical stage (Tables 2 and 3).

Mild hypothermia (Stage 1)
Uninjured patients with mild hypothermia are usually fully alert. They can usually be

managed on site without transport to hospital [3,76]. Passive rewarming by removing the
patient from the cold environment, optimising insulation, offering food and warm drinks,
and promoting active movements, is usually sufficient [3].

Moderate or severe hypothermia (Stage 2 or 3)
Patients with moderate or severe hypothermia require active rewarming [76,77]. The

whole body should be insulated to reduce the risk of further cooling [1,3] (Figure 2).
Protection should be provided against cold, wind, and moisture. A hypothermic

patient should be packaged with several layers. A patient who is unable to walk, should be
placed in a horizontal position on a stretcher. If dry clothing or layers are available, wet
clothing should be cut off in a protected environment. Large chemical or electric heat packs
should be applied to the trunk on the chest and back, but should not touch the skin, in
order to prevent burns. A vapour barrier should be added in wet or windy conditions or
if wet clothing cannot be removed. Blankets or dry clothing should be placed inside the
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vapour barrier. A patient with wet clothing who is able to walk should be changed into dry
clothing. Walking increases heat production but increases afterdrop. Hypothernic patients
found horizontal should not be allowed to walk until after they have been consumed
calories and been allowed to shiver for at about 30 min [78–80].
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ceive adequate oxygenation and be placed on a cardiac monitor [3,38,76]. Defibrillation 
pads should be applied instead of monitor leads, as they decrease electrocardiographic 
artifact from shivering allowing rapid detection and treatment of shockable rhythms. 
While peripheral venous access is desirable, it may be difficult to obtain because of hy-
pothermia-induced peripheral vasoconstriction. If intravenous (IV) access cannot be es-
tablished, the intraosseous (IO) approach should be used [76]. When intravenous or in-
traosseous fluids are required, they should be warmed to 38-42°C and should be given in 
boluses guided by vital signs [3,77]. Use of heated fluids helps to limit secondary cooling 
and may protect lines from freezing but has little direct effect on rewarming [77,82]. 

In moderate or severe hypothermia, bradycardia and low blood pressure do not 
require specific treatment other than rewarming as they are responses to the global de-
crease in cellular metabolism [83]. Supraventricular arrhythmias, including atrial fibril-
lation, usually resolve spontaneously with rewarming [3]. Endotracheal intubation is 
difficult in cold conditions. IV lines can freeze. Most drugs are ineffective in hypother-
mia., Endotracheal tubes become less pliable. Endotracheal intubation should usually be 
deferred until the patient is in a warm environment. Once in a warm environment, rap-
id-sequence endotracheal intubation should be used. The risk of causing a malignant 

Figure 2. Improvised insulation without a commercial hypothermia bag should consist of an outer
robust windproof, and waterproof vapour-barrier cover. Inside the cover, blankets can be used for
insulation. Chemical or electric heat packs can be placed on the trunk but should not be applied
directly to the skin. Mittens (or gloves if mittens are not available) should be placed on the hands.
The head, including the face, and the neck should be protected against the cold.

Rewarming out of hospital can be difficult. Attempts to rewarm should not delay
transport. Hypothermic patients are at risk of cardiac arrest (CA) [81]. They should
receive adequate oxygenation and be placed on a cardiac monitor [3,38,76]. Defibrillation
pads should be applied instead of monitor leads, as they decrease electrocardiographic
artifact from shivering allowing rapid detection and treatment of shockable rhythms. While
peripheral venous access is desirable, it may be difficult to obtain because of hypothermia-
induced peripheral vasoconstriction. If intravenous (IV) access cannot be established, the
intraosseous (IO) approach should be used [76]. When intravenous or intraosseous fluids
are required, they should be warmed to 38–42 ◦C and should be given in boluses guided
by vital signs [3,77]. Use of heated fluids helps to limit secondary cooling and may protect
lines from freezing but has little direct effect on rewarming [77,82].

In moderate or severe hypothermia, bradycardia and low blood pressure do not re-
quire specific treatment other than rewarming as they are responses to the global decrease
in cellular metabolism [83]. Supraventricular arrhythmias, including atrial fibrillation,
usually resolve spontaneously with rewarming [3]. Endotracheal intubation is difficult
in cold conditions. IV lines can freeze. Most drugs are ineffective in hypothermia., Endo-
tracheal tubes become less pliable. Endotracheal intubation should usually be deferred
until the patient is in a warm environment. Once in a warm environment, rapid-sequence
endotracheal intubation should be used. The risk of causing a malignant arrhythmia is min-
imal compared to the advantages of optimal oxygenation and airway protection [3,39,76].
Rigidity, and trismus in severely hypothermic patients can make intubation difficult [76].
End-tidal carbon dioxide (ETCO2) is not reliable in severe hypothermia [84]. Patients
should be ventilated using standard weight-based settings without relying on ETCO2.
Hyperventilation is less detrimental than hypoventilation. Patients should be transported
gently and horizontally to avoid triggering hypothermic CA (rescue collapse).

Hypothermia without vital signs (HT-IV)

Diagnosis of cardiac arrest
It can be difficult to diagnose CA in an unconscious patient in a cold setting. The

vital signs may be minimal and extremely difficult to detect. Rescuers should attempt to
find vital signs for 60 s [34,36,43]. The use of electrocardiography, ETCO2 (any detectable
expiratory CO2 correlates with the presence of vital signs) or point-of-care ultrasound
(POCUS) may help detect organised cardiac activity and significant cardiac output.
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Cardiopulmonary resuscitation (CPR)
Chest compressions and ventilation of a hypothermic patient in CA should be per-

formed as for a normothermic patient in CA [34]. If ventricular fibrillation persists after
three shocks and the core temperature is <30 ◦C, further attempts to defibrillate should be
delayed until core temperature is >30 ◦C [34]. Epinephrine and amiodarone should not be
given if the core temperature is <30 ◦C. The administration interval for epinephrine should
be doubled from every 3–5 min to every 6–10 min if core temperature is <30 ◦C. Standard
protocols should be resumed once normothermia (≥35 ◦C) is achieved [34].

Pre-hospital triage
In a hypothermic patient with CA, CPR should not be started or should be terminated

if there is a valid “do not resuscitate” order, clear signs of irreversible death, including fixed
dependent lividity (livor mortis), danger to or exhaustion of the rescuers, or avalanche
burial longer than 60 min with asystole and a completely obstructed airway [3,34,39,76,85].
In a hypothermic patient, rigidity (apparent rigor mortis) is not a reliable sign of death [36].
The following conditions are not contraindications to rewarming of a hypothermic patient
in CA: asystole, unwitnessed CA, low core temperature, long no-flow or low-flow time,
fixed, dilated pupils, hypocapnia (ETCO2 <10 mmHg), old age, or trauma (even major
trauma) [38,86–88].

Patient referral and transport
The criteria for the direct transfer of a hypothermic patient to an ECLS centre are

cardiac arrest, core temperature < 30 ◦C, systolic blood pressure < 90 mmHg, or ventricular
dysrhythmia [34]. Depending on the setting and the distance from an ECLS centre, a stop
at a non-ECLS hospital may be used to perform hospital triage, such as the HOPE survival
probabilities estimation score www.hypothermiascore.org) [87]. Mechanical CPR should be
used for prolonged or technically difficult rescue and transport [34,89]. If transport with
continuous CPR is not possible, an alternative is to perform intermittent CPR (Figure 3) [90].

When continuous chest compressions are not possible in a patient with a core tempera-
ture < 28 ◦C or if the core temperature is unknown, but the circumstances are unambiguous
for hypothermia-induced cardiac arrest, alternate at least 5 min of CPR with ≤5 min with-
out CPR. In patients with a temperature < 20 ◦C, alternate at least 5 min of CPR with
≤10 min without CPR [90].

Once a patient is in hypothermic cardiac arrest, avoiding rapid movement is no longer
necessary. Although it is reasonable to transport a patient with ongoing CPR in a horizon-
tal position, there are insufficient data available to make definite recommendations [91].
Rapid transport even in a non-horizontal position is preferable to slower transport in a
horizontal position.

5.2. In-Hospital Treatment

In-hospital treatment options depend on circulatory status, the stage of hypothermia
and available resources (Figure 4).

Patients with stable circulation should be rewarmed with passive and active external
rewarming techniques (Table 5). In patients at risk of cardiac arrest or with unstable
circulation, ECLS should be kept on standby and should be initiated rapidly if needed.
Patients in hypothermic CA or with hemodynamic instability require cardiocirculatory
support in addition to active internal rewarming. This is best achieved with ECLS (Table 5).

www.hypothermiascore.org
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Table 5. Rewarming techniques in patients with accidental hypothermia [32].

Rewarming Technique Rewarming Rate Notes & Controversies Rewarming Complications

Passive Rewarming

Passive rewarming [3,92]
0.5–4 ◦C /h (dependends on patient’s

thermoregulatory function and
metabolic reserves)

Protects from further heat loss and
allows patient to self-rewarm.

Negligible in isolated mild
hypothermia. For colder patients and
those with secondary hypothermia or

comorbidities, passive rewarming
alone is not adequate.

Passive rewarming with active
movement [93] 1–5 ◦C /h Exercise immediately after rescue

increases afterdrop
Increased afterdrop could cause

rescue collapse.

Active External Rewarming

Active rewarming including forced-air
surface rewarming [94,95],

heating pads, e.g. Arctic Sun® [96–98],
warmed IV fluids (40 ◦C).

0.5–4 ◦C /h

Protects from further heat loss,
delivers external heat. Warmed IV

fluids are not effective if used as the
sole method of rewarming.

Similar to passive rewarming

Active Internal Rewarming

Bladder lavage [31,92,99] Variable. Adds < 0.5 ◦C /h

Not recommended Rewarming is
intermittent and slow because of small

surface area. Poor control of
infusate temperature

Negligible unless
difficult catheterisation

Gastric lavage [31] May add ~0.5–1 ◦C /h Not recommended. Unacceptably
high risk to benefit ratio

Potential for aspiration, fluid and
electrolyte shifts

Intravascular catheter rewarming, e.g.,
CoolGuard® [36,100–102]

Quattro® [103]
Cool Line® [104]
Innercool® [105]

Device specific (adds ~0.5–2.5 ◦C /h)

Uncertain indications for use.
Potential beneficial for colder patients,

especially those with comorbidites,
with stable circulation

Potential for haemorrhage or
thrombosis, potentially worsening

arterial hypotension in
unstable patients

Thoracic [106,107]
or peritoneal lavage [108,109]

Variable, depending on tempearture
and flow rate of paricardial irrigation.

May be useful in unstable patients
when ECLS rewarming is not

available. Very invasive.

Potential for haemorrhage, lung or
bowel trauma, fluid and electrolyte

shifts. Thoracic lavage may interfere
with CPR

CRRT (including CVVHF, CVVHD,
CVVHDF) [92,110–113] Adds ~1.5–3 ◦C /h

Not recommended unless ECLS
rewarming not available. Require

adequate blood pressure.
Heparinisation, citrate

anticoagulation, or
prostacyclin required

Problems rare. Local vascular
complications. Air embolism.

Arterial hypotension

Haemodialysis [92,114–118] Adds ~2–3 ◦C /h
Patient must be able to increase

cardiac output to perfuse the external
circuit. Heparinisation required

Potential for arterial hypotension,
haemorrhage, thrombosis,

haemolysis, etc.

Veno-venous rewarming (usually with
ECMO) [99,119] ~4–10 ◦C /h

Provides no circulatory or ventilatory
support in case of cardiac arrest.
Patient must be able to increase

cardiac output to perfuse the
external circuit

Potential for arterial hypotension,
haemorrhage, thrombosis,

haemolysis, etc.

Extra-corporeal life support (ECLS;
VA-ECMO, CPB including minimally

invasive extracorporeal circulation
(MiECC)) [83,120–130]

~4–10 ◦C /h

Preferred rewarming method for
patients in cardiac arrest. ECMO

preferred over CPB. ECMO can use
femoral route avoiding need for
sternotomy. Can be used to treat

post-rewarming pulmonary
complications, such as ARDS.

Potential for haemorrhage and arterial
hypotension, thrombosis, haemolysis,
etc., as with all intravascular devices

CPB: cardiopulmonary bypass, CPR: cardiopulmonary resuscitation, ECLS: extracorporeal life support, ECMO:
extracorporeal membrane oxygenation, CRRT: continuous renal replacement therapy, CVVHF: continuous veno-
venous haemofiltration, CVVHD: continuous veno-venous haemodialysis, CVVHDF: continuous veno-venous
haemodialysis with filtration. Adapted with permission from [3]. Copyright 2016 ICAR MedCom.
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Figure 3. Intermittent CPR algorithm for severely hypothermic patients (<28 ◦C) in cardiac arrest
when continuous chest compressions are not possible. CRITICAL CORRECTIONS: 1. The statement
‘patient warm,’ does not mean that the patient is warm. It means that the patient is not sufficiently
hypothermic for intermittent CPR. 2. ‘Alternating 5 min CPR’ and ≤5 min or ≤10 min without CPR
should read: ‘Alternating at least 5 min CPR and ≤5 min or ≤10 min without CPR. Reprinted with
permission from [34]. Copyright 2021 Elsevier and European Resuscitation Council.

In patients with spontaneous circulation, and a core temperature of 33–36 ◦C the goal
of rewarming should be normothermia with a core temperature about 37 ◦C. In patients in
hypothermic cardiac arrest, the first priority is return of spontaneous circulation (ROSC),
because physiological organ perfusion improves oxygen delivery and reduces no-flow and
low-flow organ damage during CA compared to CPR. Once ROSC is established, the goal
should be targeted temperature management according to local protocols.

Rewarming is passive if the patient increases the core temperature without exogenous
heat, and active if exogenous heat is delivered. Active rewarming can be external oe
internal, depending on the method of heat transfer (Table 5). Most patients require passive
and active external rewarming. Patients in cardiac arrest, and those who are unable to
rewarm with active external rewarming require active internal rewarming (Table 5).

In mild hypothermia (HT I), patients should be rewarmed using passive and active
external rewarming and with minimally invasive internal rewarming using warm fluids
orally (Figure 4). Shivering and active movement will further speed rewarming. Shivering
should be allowed if there are no contraindications, such as pain from injuries or risk
of myocardial injury caused by increased oxygen consumption in a patient with high
cardiovascular risk.

In patients with moderate or severe (HT II or HT III) ), active rewarming is necessary.
Usually, active external rewarming is effective. If a patient fails to rewarm adequately, active
internal rewarming should be used. Signs of failure to rewarm include core temperature re-
maining the same or decreasing, increasing lactate levels, decreasing level of consciousness,
decreasing blood pressure, or the occurrence of ventricular dysrhythmias. Active internal
rewarming methods in moderate to severe hypothermia include intravascular rewarming
catheters and continuous renal replacement therapy (CRRT, Table 5). Complications, such
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as bleeding, deep venous thrombosis, and infection are more common than with active
external rewarming.
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Patients without vital signs (HT IV) are in cardiac arrest and require cardiocirculatory
support. The preferred method is extracorporeal life support (ECLS) rewarming [88]. The
ideal rewarming rate is not known. The target rewarming rate should be ≤5 ◦C/h [94].
A slower rate of rewarming (approximately 2 ◦C/h) may be associated with improved
survival with good neurologic outcome [131]. Extracorporeal membrane oxygenation
(ECMO) is preferred to cardiopulmonary bypass (CPB), because ECMO can be maintained
post-ROSC and may be used to maintain life support while adult respiratory distress syn-
drome (ARDS), a common sequela of hypothermia, resolves. [132]. Non-ECLS rewarming
should only be considered when ECLS rewarming is not available and cannot be provided
within 6 h. The ideal non-ECLS rewarming bundle has not been determined. Rewarming
should use locally available techniques that are familiar to the medical staff, such as heating
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blankets, external forced air rewarming, and peritoneal lavage [3]. Although IV fluids are
not effective in rewarming, IV fluids should be warmed to 40 ◦C to avoid cooling. CPR
should be maintained continuously until ROSC is achieved. Mechanical chest compression
can be helpful in long-duration CPR. The team should be trained to avoid prolonged
hands-off times and to prevent injury to the patient [34].

In moderate and severe hypothermia, circulating blood volume is decreased because
of a combination of extravascular plasma shift and inadequate fluid intake. In patients
with cold exposure lasting several hours, cold-induced diuresis may further deplete the
intravascular volume. Patients immersed for hours may have hydrostatic pressure induced
diuresis and may be severely fluid depleted [76]. At the same time, circulatory centrali-
sation may decrease the vascular space. Volume replacement should be given carefully
to avoid overload. Ideally, volume replacement should be given with central venous
pressure monitoring.

During rewarming, hypothermia-induced vasoconstriction that previously limited the
vascular space is abolished. Volume should be replaced to avoid severe volume depletion
with resultant shock. Blood gas interpretation should be performed according to the alpha-
stat approach, evaluating blood gas samples at 37 ◦C. This leads to improved cerebral
perfusion and better neurologic outcome compared to using temperature corrected arterial
blood gas values [133,134]. Some studies suggest that in severely hypothermic patients the
PaCO2–ETCO2 gradient is increased. This may help to confirm a diagnosis of accidental
hypothermia in unclear circumstances [84]. Several tools have been developed to help
predict outcome [132]. The Hypothermia Outcome Prediction after Extracorporeal Life
Support (HOPE) score—is currently the best available prediction tool and should be used
to evaluate whether a hypothermic patient in cardiac arrest is likely to benefit from ECLS
rewarming [87,135]. Frostbite injuries that are still frozen should be thawed as soon as
circulation and core temperature have been stabilised [136–138].

Extracorporeal cardiopulmonary resuscitation

Extracorporeal cardiopulmonary resuscitation (ECPR) [139] followed by ECLS re-
warming may be associated with higher survival and more favourable neurological out-
comes than conventional CPR alone in patients with accidental hypothermia without vital
signs [121,126]. Rapid technological progress including the miniaturisation and improved
efficacy, safety, and transportability of ECLS devices are expanding the possibilities of
ECPR and ECLS rewarming [122,140].

Good neurological outcomes are possible, even with prolonged no-flow or low-flow
times, but only if hypothermia developed before cardiac arrest [38,88,125,126,131,141].
Because of the low rates of survival and the high likelihood of major morbidity in unselected
patients, ECPR should not be used if core temperature is >30 ◦C, there is major trauma,
or there are comorbidities that are not compatible with an acceptable quality of life if the
patient recovers [87,126,142,143]. ECPR, provided in a centre with expertise and streamlined
protocols, can improve survival and neurological outcomes [144].

Veno-arterial (VA) ECMO is the preferred method of ECPR because anticoagulation
requirements are minimal and because VA ECMO may be able to provide circulatory and
respiratory support beyond ROSC [88,139,145]. The chances of survival are higher after
rewarming with ECMO than with CPB. The chances of survival are also higher in patients
with witnessed hypothermic cardiac arrests than in those with unwitnessed hypothermic
CAs. Avalanche victims have the lowest probability of surviving. Male sex, high initial
body temperature, low pH, and high serum potassium were associated with decreased
chances of survival [121,146].

Practical approaches to patient management with ECPR and ECLS rewarming have
been described [88,131,147]. Additional measures, such as vigorous resuscitation with
isotonic fluids and the use of vasopressors are usually needed to maintain mean arterial
pressure between 50 and 70 mmHg. Severe acid-base and coagulation disturbances and
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other problems may require additional treatment [88,145]. The core temperature should be
carefully monitored (Table 4) [88,148].

Patients in hypothermic cardiac arrest should receive continuous ECPR until ROSC is
achieved. Further support with ECLS after ECPR may be warranted. However, the decision
to continue care without signs of immediate significant improvement is difficult [149].
Predictors of survival have been described in retrospective studies [87,131,150] Lower
initial serum lactate, higher pH, and younger age were associated with better neurological
outcomes in survivors of hypothermic OHCA treated with ECPR [88,131,150,151]. There is
currently no simple, reliable predictor of ECPR efficacy or outcome. Targeted temperature
management (TTM) should be performed according to local protocols. Post-resuscitation
hyperthermia should be avoided [145]. The timing of ECPR and the optimum target
temperature following ECPR, are unknown [152,153].

Termination of ECPR should be considered if there is no ROSC at the target core
temperature. The decision to stop treatment may also be based on additional clinical
factors, such as the onset of uncontrollable hemorrhage, further information about the
cause of CA, or signs of severe anoxic brain injury [3,154]. Brain death is a common cause
of death following ECPR. Organ donation should be considered [139,154].

6. Outlook

Compared to other conditions that may result in cardiac arrest, accidental hypothermia
is rare. Even large centres rarely treat more than 20 patients annually. The largest studies to
date have included only a few hundred patients [40]. Pooling of data is important to hasten
the development of methods for diagnosis, treatment, and outcome prediction. The Interna-
tional Hypothermia Registry has already collected data from more than 200 patients [155].
Further contributions are necessary and are welcome.

A patient with mild hypothermia found in a horizontal position should rest and
should be allowed to shiver before being allowed to stand up or to walk [76], but some
guidelines suggest that, if the patient is able to move safely, immediate physical exertion
hastens rewarming and facilitates terrestrial evacuation in difficult terrain [3,79]. The
in-hospital HOPE score has substantially improved outcome prediction for hypothermic
patients in cardiac arrest who are treated with ECLS rewarming. A prehospital HOPE score
might facilitate treatment and transport decisions in the field. When ECLS rewarming
is not available, non-ECLS measures should be used. No data currently exist regarding
the efficacy and safety of various non-ECLS measures. High-quality studies on non-ECLS
rewarming in hypothermic patients in CA are urgently required.

7. Conclusions

Accidental hypothermia is an unintentional drop of core temperature below 35 ◦C.
Annually, thousands die of primary hypothermia and an unknown number die of secondary
hypothermia worldwide. Hypothermia can be expected in emergency patients in the
prehospital phase. Injured and intoxicated patients cool quickly even in subtropical regions.
Preventive measures are important to avoid hypothermia or cooling in ill or injured patients.
Diagnosis and assessment of the risk of cardiac arrest are based on clinical signs and core
temperature measurement when available. Hypothermic patients with risk factors for
imminent cardiac arrest (temperature < 30 ◦C in young and healthy patients and <32 ◦C
in elderly persons, or patients with multiple comorbidities), ventricular dysrhythmias, or
systolic blood pressure < 90 mmHg) and hypothermic patients who are already in cardiac
arrest, should be transferred directly to an extracorporeal life support (ECLS) centre. If
a hypothermic patient arrests, continuous cardiopulmonary resuscitation (CPR) should
be performed. In hypothermic patients, the chances of survival and good neurological
outcome are higher than for normothermic patients for witnessed, unwitnessed, and
asystolic cardiac arrest. Mechanical CPR devices should be used for prolonged rescue, if
available. In severely hypothermic patients in cardiac arrest, if continuous or mechanical
CPR is not possible, intermittent CPR should be used. Rewarming can be accomplished
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by passive and active techniques. Most often, passive and active external techniques are
used. Only in patients with refractory hypothermia or cardiac arrest are internal rewarming
techniques required. ECLS rewarming should be performed with extracorporeal membrane
oxygenation (ECMO). A post-resuscitation care bundle should complement treatment.
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Acknowledgments: We thank Magdalena Świtoń from the Medical University of Silesia, Katowice for
creating Figures 1 and 2. Figures 3 and 4 courtesy of Elsevier and the European Resuscitation Council.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Paal, P.; Brugger, H.; Strapazzon, G. Accidental hypothermia. Handb. Clin. Neurol. 2018, 157, 547–563.
2. Soreide, K. Clinical and translational aspects of hypothermia in major trauma patients: From pathophysiology to prevention,

prognosis and potential preservation. Injury 2014, 45, 647–654. [CrossRef] [PubMed]
3. Paal, P.; Gordon, L.; Strapazzon, G.; Brodmann Maeder, M.; Putzer, G.; Walpoth, B.; Wanscher, M.; Brown, D.; Holzer, M.;

Broessner, G.; et al. Accidental hypothermia-an update: The content of this review is endorsed by the International Commission
for Mountain Emergency Medicine (ICAR MEDCOM). Scand. J. Trauma Resusc. Emerg. Med. 2016, 24, 111. [CrossRef] [PubMed]

4. Polderman, K.H. Mechanisms of action, physiological effects, and complications of hypothermia. Crit. Care Med. 2009, 37
(Suppl. 7), S186–S202. [CrossRef] [PubMed]

5. Kamps, M.; Bisschops, L.A.; van der Hoeven, J.G.; Hoedemaekers, C.W. Hypothermia does not increase the risk of infection: A
case control study. Crit. Care 2011, 15, R48. [CrossRef]

6. Guly, H. History of accidental hypothermia. Resuscitation 2011, 82, 122–125. [CrossRef]
7. Lechner, R.; Kupper, T.; Tannheimer, M. Challenges of Military Health Service Support in Mountain Warfare. Wilderness Environ.

Med. 2018, 29, 266–274. [CrossRef]
8. Paton, B.C. Cold, casualties, and conquests: The effects ofcold on warfare. In Medical Aspects of Harsh Environments; Pandolf, K.B.,

Burr, R.E., Eds.; Office of the Surgeon General, Department of the Army: Washington, DC, USA, 2001; pp. 313–349.
9. Mittermair, C.; Foidl, E.; Wallner, B.; Brugger, H.; Paal, P. Extreme Cooling Rates in Avalanche Victims: Case Report and Narrative

Review. High Alt. Med. Biol. 2021, 22, 235–240. [CrossRef]
10. Zhang, P.; Wiens, K.; Wang, R.; Luong, L.; Ansara, D.; Gower, S.; Bassil, K.; Hwang, S.W. Cold Weather Conditions and Risk of

Hypothermia among People Experiencing Homelessness: Implications for Prevention Strategies. Int. J. Environ. Res. Public Health
2019, 16, 3259. [CrossRef]

11. Matsuyama, T.; Morita, S.; Ehara, N.; Miyamae, N.; Okada, Y.; Jo, T.; Sumida, Y.; Okada, N.; Watanabe, M.; Nozawa, M.; et al.
Characteristics and outcomes of accidental hypothermia in Japan: The J-Point registry. Emerg. Med. J. 2018, 35, 659–666. [CrossRef]
[PubMed]

12. Baumgartner, E.A.; Belson, M.; Rubin, C.; Patel, M. Hypothermia and other cold-related morbidity emergency department visits:
United States, 1995–2004. Wilderness Environ. Med. 2008, 19, 233–237. [CrossRef]

13. Herity, B.; Daly, L.; Bourke, G.J.; Horgan, J.M. Hypothermia and mortality and morbidity. An epidemiological analysis. J.
Epidemiol. Commun. Health 1991, 45, 19–23. [CrossRef]

14. Taylor, N.A.; Griffiths, R.F.; Cotter, J.D. Epidemiology of hypothermia: Fatalities and hospitalisations in New Zealand. Aust. N. Z.
J. Med. 1994, 24, 705–710. [CrossRef]

15. Vassal, T.; Benoit-Gonin, B.; Carrat, F.; Guidet, B.; Maury, E.; Offenstadt, G. Severe accidental hypothermia treated in an ICU:
Prognosis and outcome. Chest 2001, 120, 1998–2003. [CrossRef] [PubMed]

16. Brandstrom, H.; Johansson, G.; Giesbrecht, G.G.; Angquist, K.A.; Haney, M.F. Accidental cold-related injury leading to hospital-
ization in northern Sweden: An eight-year retrospective analysis. Scand. J. Trauma Resusc. Emerg. Med. 2014, 22, 6. [CrossRef]
[PubMed]

17. Hislop, L.J.; Wyatt, J.P.; McNaughton, G.W.; Ireland, A.J.; Rainer, T.H.; Olverman, G.; Laughton, L.M. Urban hypothermia in the
west of Scotland. West of Scotland Accident and Emergency Trainees Research Group. BMJ 1995, 311, 725. [CrossRef]

18. Kosinski, S.; Darocha, T.; Galazkowski, R.; Drwila, R. Accidental hypothermia in Poland—Estimation of prevalence, diagnostic
methods and treatment. Scand. J. Trauma Resusc. Emerg. Med. 2015, 23, 13. [CrossRef] [PubMed]

http://doi.org/10.1016/j.injury.2012.12.027
http://www.ncbi.nlm.nih.gov/pubmed/23352151
http://doi.org/10.1186/s13049-016-0303-7
http://www.ncbi.nlm.nih.gov/pubmed/27633781
http://doi.org/10.1097/CCM.0b013e3181aa5241
http://www.ncbi.nlm.nih.gov/pubmed/19535947
http://doi.org/10.1186/cc10012
http://doi.org/10.1016/j.resuscitation.2010.09.465
http://doi.org/10.1016/j.wem.2018.01.006
http://doi.org/10.1089/ham.2020.0222
http://doi.org/10.3390/ijerph16183259
http://doi.org/10.1136/emermed-2017-207238
http://www.ncbi.nlm.nih.gov/pubmed/29886414
http://doi.org/10.1580/07-WEME-OR-104.1
http://doi.org/10.1136/jech.45.1.19
http://doi.org/10.1111/j.1445-5994.1994.tb01788.x
http://doi.org/10.1378/chest.120.6.1998
http://www.ncbi.nlm.nih.gov/pubmed/11742934
http://doi.org/10.1186/1757-7241-22-6
http://www.ncbi.nlm.nih.gov/pubmed/24460844
http://doi.org/10.1136/bmj.311.7007.725
http://doi.org/10.1186/s13049-014-0086-7
http://www.ncbi.nlm.nih.gov/pubmed/25655922


Int. J. Environ. Res. Public Health 2022, 19, 501 20 of 25

19. Haman, F.; Blondin, D.P. Shivering thermogenesis in humans: Origin, contribution and metabolic requirement. Temperature 2017,
4, 217–226. [CrossRef] [PubMed]

20. Iampietro, P.F.; Vaughan, J.A.; Goldman, R.F.; Kreider, M.B.; Masucci, F.; Bass, D.E. Heat production from shivering. J. Appl.
Physiol. 1960, 15, 632–634. [CrossRef] [PubMed]

21. Morrison, S.F. Central neural control of thermoregulation and brown adipose tissue. Auton. Neurosci. 2016, 196, 14–24. [CrossRef]
22. Singer, D. Pediatric Hypothermia: An Ambiguous Issue. Int. J. Environ. Res. Public Health, 2021, in press. [CrossRef]
23. Elbaz, G.; Etzion, O.; Delgado, J.; Porath, A.; Talmor, D.; Novack, V. Hypothermia in a desert climate: Severity score and mortality

prediction. Am. J. Emerg. Med. 2008, 26, 683–688. [CrossRef]
24. Gallaher, M.M.; Fleming, D.W.; Berger, L.R.; Sewell, C.M. Pedestrian and hypothermia deaths among Native Americans in New

Mexico. Between bar and home. JAMA 1992, 267, 1345–1348. [CrossRef]
25. Oshiro, K.; Yuuichiro, T.; Schweizer, J.; Zafren, K.; Brugger, H.; Paal, P. Prevention of Hypothermia in the Aftermath of Natural

Disasters in Areas at risk of Avalanches, Earthquakes, Floods, and Tsunamis. IJERPH, 2021, under review.
26. Rauch, S.; Dal Cappello, T.; Strapazzon, G.; Palma, M.; Bonsante, F.; Gruber, E.; Strohle, M.; Mair, P.; Brugger, H.; International

Alpine Trauma Registry Study Group. Pre-hospital times and clinical characteristics of severe trauma patients: A comparison
between mountain and urban/suburban areas. Am. J. Emerg. Med. 2018, 36, 1749–1753. [CrossRef] [PubMed]

27. Helm, M.; Lampl, L.; Hauke, J.; Bock, K.H. Accidental hypothermia in trauma patients. Is it relevant to preclinical emergency
treatment? Anaesthesist 1995, 44, 101–107.

28. Kander, T.; Schott, U. Effect of hypothermia on haemostasis and bleeding risk: A narrative review. J. Int. Med. Res. 2019, 47,
3559–3568. [CrossRef]

29. Wallner, B.; Schenk, B.; Hermann, M.; Paal, P.; Falk, M.; Strapazzon, G.; Martini, W.Z.; Brugger, H.; Fries, D. Hypothermia-
Associated Coagulopathy: A Comparison of Viscoelastic Monitoring, Platelet Function, and Real Time Live Confocal Microscopy
at Low Blood Temperatures, an in vitro Experimental Study. Front. Physiol. 2020, 11, 843. [CrossRef] [PubMed]

30. Weuster, M.; Bruck, A.; Lippross, S.; Menzdorf, L.; Fitschen-Oestern, S.; Behrendt, P.; Iden, T.; Hocker, J.; Lefering, R.; Seekamp, A.;
et al. Epidemiology of accidental hypothermia in polytrauma patients: An analysis of 15,230 patients of the TraumaRegister DGU.
J. Trauma Acute Care Surg. 2016, 81, 905–912. [CrossRef]

31. Danzl, D.F.; Pozos, R.S. Accidental hypothermia. N. Engl. J. Med. 1994, 331, 1756–1760. [CrossRef] [PubMed]
32. Lankford, H.V.; Fox, L.R. The Wind-Chill Index. Wilderness Environ. Med. 2021, 32, 392–399. [CrossRef] [PubMed]
33. Proulx, C.I.; Ducharme, M.B.; Kenny, G.P. Effect of water temperature on cooling efficiency during hyperthermia in humans. J.

Appl. Physiol. 2003, 94, 1317–1323. [CrossRef] [PubMed]
34. Lott, C.; Truhlar, A.; Alfonzo, A.; Barelli, A.; Gonzalez-Salvado, V.; Hinkelbein, J.; Nolan, J.P.; Paal, P.; Perkins, G.D.; Thies, K.C.;

et al. European Resuscitation Council Guidelines 2021: Cardiac arrest in special circumstances. Resuscitation 2021, 161, 152–219.
[CrossRef] [PubMed]

35. Tipton, M.J.; Collier, N.; Massey, H.; Corbett, J.; Harper, M. Cold water immersion: Kill or cure? Exp. Physiol. 2017, 102, 1335–1355.
[CrossRef]

36. Pasquier, M.; Zurron, N.; Weith, B.; Turini, P.; Dami, F.; Carron, P.N.; Paal, P. Deep accidental hypothermia with core temperature
below 24 degrees c presenting with vital signs. High Alt. Med. Biol. 2014, 15, 58–63. [CrossRef]

37. Pasquier, M.; Paal, P. Rescue collapse—A hitherto unclassified killer in accidental hypothermia. Resuscitation 2021, 164, 142–143.
[CrossRef]

38. Frei, C.; Darocha, T.; Debaty, G.; Dami, F.; Blancher, M.; Carron, P.N.; Oddo, M.; Pasquier, M. Clinical characteristics and outcomes
of witnessed hypothermic cardiac arrest: A systematic review on rescue collapse. Resuscitation 2019, 137, 41–48. [CrossRef]

39. Brown, D.J.; Brugger, H.; Boyd, J.; Paal, P. Accidental hypothermia. N. Engl. J. Med. 2012, 367, 1930–1938. [CrossRef] [PubMed]
40. Podsiadlo, P.; Smolen, A.; Kosinski, S.; Hymczak, H.; Waligorski, S.; Witt-Majchrzak, A.; Drobinski, D.; Nowak, E.; Barteczko-

Grajek, B.; Toczek, K.; et al. Impact of rescue collapse on mortality rate in severe accidental hypothermia: A matched-pair analysis.
Resuscitation 2021, 164, 108–113. [CrossRef]

41. Musi, M.E.; Sheets, A.; Zafren, K.; Brugger, H.; Paal, P.; Holzl, N.; Pasquier, M. Clinical staging of accidental hypothermia: The
Revised Swiss System: Recommendation of the International Commission for Mountain Emergency Medicine (ICAR MedCom).
Resuscitation 2021, 162, 182–187. [CrossRef]

42. Strapazzon, G.; Procter, E.; Paal, P.; Brugger, H. Pre-hospital core temperature measurement in accidental and therapeutic
hypothermia. High Alt. Med. Biol. 2014, 15, 104–111. [CrossRef]

43. Pasquier, M.; Cools, E.; Zafren, K.; Carron, P.N.; Frochaux, V.; Rousson, V. Vital Signs in Accidental Hypothermia. High Alt. Med.
Biol. 2021, 22, 142–147. [CrossRef] [PubMed]

44. Kelly, C.A.; Upex, A.; Bateman, D.N. Comparison of consciousness level assessment in the poisoned patient using the
alert/verbal/painful/unresponsive scale and the Glasgow Coma Scale. Ann. Emerg. Med. 2004, 44, 108–113. [CrossRef]

45. Opatz, O.; Trippel, T.; Lochner, A.; Werner, A.; Stahn, A.; Steinach, M.; Lenk, J.; Kuppe, H.; Gunga, H.C. Temporal and spatial
dispersion of human body temperature during deep hypothermia. Br. J. Anaesth. 2013, 111, 768–775. [CrossRef]

46. Stauffer, P.R.; Snow, B.W.; Rodrigues, D.B.; Salahi, S.; Oliveira, T.R.; Reudink, D.; Maccarini, P.F. Non-invasive measurement of
brain temperature with microwave radiometry: Demonstration in a head phantom and clinical case. Neuroradiol. J. 2014, 27, 3–12.
[CrossRef] [PubMed]

http://doi.org/10.1080/23328940.2017.1328999
http://www.ncbi.nlm.nih.gov/pubmed/28944268
http://doi.org/10.1152/jappl.1960.15.4.632
http://www.ncbi.nlm.nih.gov/pubmed/14405791
http://doi.org/10.1016/j.autneu.2016.02.010
http://doi.org/10.3390/ijerph182111484
http://doi.org/10.1016/j.ajem.2007.10.016
http://doi.org/10.1001/jama.1992.03480100051029
http://doi.org/10.1016/j.ajem.2018.01.068
http://www.ncbi.nlm.nih.gov/pubmed/29395773
http://doi.org/10.1177/0300060519861469
http://doi.org/10.3389/fphys.2020.00843
http://www.ncbi.nlm.nih.gov/pubmed/32765300
http://doi.org/10.1097/TA.0000000000001220
http://doi.org/10.1056/NEJM199412293312607
http://www.ncbi.nlm.nih.gov/pubmed/7984198
http://doi.org/10.1016/j.wem.2021.04.005
http://www.ncbi.nlm.nih.gov/pubmed/34294536
http://doi.org/10.1152/japplphysiol.00541.2002
http://www.ncbi.nlm.nih.gov/pubmed/12626467
http://doi.org/10.1016/j.resuscitation.2021.02.011
http://www.ncbi.nlm.nih.gov/pubmed/33773826
http://doi.org/10.1113/EP086283
http://doi.org/10.1089/ham.2013.1085
http://doi.org/10.1016/j.resuscitation.2021.05.011
http://doi.org/10.1016/j.resuscitation.2019.02.001
http://doi.org/10.1056/NEJMra1114208
http://www.ncbi.nlm.nih.gov/pubmed/23150960
http://doi.org/10.1016/j.resuscitation.2021.04.019
http://doi.org/10.1016/j.resuscitation.2021.02.038
http://doi.org/10.1089/ham.2014.1008
http://doi.org/10.1089/ham.2020.0179
http://www.ncbi.nlm.nih.gov/pubmed/33629884
http://doi.org/10.1016/j.annemergmed.2004.03.028
http://doi.org/10.1093/bja/aet217
http://doi.org/10.15274/NRJ-2014-10001
http://www.ncbi.nlm.nih.gov/pubmed/24571829


Int. J. Environ. Res. Public Health 2022, 19, 501 21 of 25

47. Makinen, M.T.; Pesonen, A.; Jousela, I.; Paivarinta, J.; Poikajarvi, S.; Alback, A.; Salminen, U.S.; Pesonen, E. Novel Zero-Heat-Flux
Deep Body Temperature Measurement in Lower Extremity Vascular and Cardiac Surgery. J. Cardiothorac. Vasc. Anesth. 2016, 30,
973–978. [CrossRef]

48. Gobolos, L.; Philipp, A.; Ugocsai, P.; Foltan, M.; Thrum, A.; Miskolczi, S.; Pousios, D.; Khawaja, S.; Budra, M.; Ohri, S.K. Reliability
of different body temperature measurement sites during aortic surgery. Perfusion 2014, 29, 75–81. [CrossRef] [PubMed]

49. Strapazzon, G.; Procter, E.; Putzer, G.; Avancini, G.; Dal Cappello, T.; Uberbacher, N.; Hofer, G.; Rainer, B.; Rammlmair, G.;
Brugger, H. Influence of low ambient temperature on epitympanic temperature measurement: A prospective randomized clinical
study. Scand. J. Trauma Resusc. Emerg. Med. 2015, 23, 90. [CrossRef]

50. Bagley, J.R.; Judelson, D.A.; Spiering, B.A.; Beam, W.C.; Bartolini, J.A.; Washburn, B.V.; Carney, K.R.; Munoz, C.X.; Yeargin, S.W.;
Casa, D.J. Validity of field expedient devices to assess core temperature during exercise in the cold. Aviat. Space Environ. Med.
2011, 82, 1098–1103. [CrossRef] [PubMed]

51. Camboni, D.; Philipp, A.; Schebesch, K.M.; Schmid, C. Accuracy of core temperature measurement in deep hypothermic
circulatory arrest. Interact. Cardiovasc. Thorac. Surg. 2008, 7, 922–924. [CrossRef] [PubMed]

52. Doyle, F.; Zehner, W.J.; Terndrup, T.E. The effect of ambient temperature extremes on tympanic and oral temperatures. Am. J.
Emerg. Med. 1992, 10, 285–289. [CrossRef]

53. Skaiaa, S.C.; Brattebo, G.; Assmus, J.; Thomassen, O. The impact of environmental factors in pre-hospital thermistor-based
tympanic temperature measurement: A pilot field study. Scand. J. Trauma Resusc. Emerg. Med. 2015, 23, 72. [CrossRef]

54. Stone, J.G.; Young, W.L.; Smith, C.R.; Solomon, R.A.; Wald, A.; Ostapkovich, N.; Shrebnick, D.B. Do standard monitoring sites
reflect true brain temperature when profound hypothermia is rapidly induced and reversed? Anesthesiology 1995, 82, 344–351.
[CrossRef] [PubMed]

55. Walpoth, B.H.; Galdikas, J.; Leupi, F.; Muehlemann, W.; Schlaepfer, P.; Althaus, U. Assessment of hypothermia with a new
“tympanic” thermometer. J. Clin. Monit. 1994, 10, 91–96. [CrossRef] [PubMed]

56. Niven, D.J.; Gaudet, J.E.; Laupland, K.B.; Mrklas, K.J.; Roberts, D.J.; Stelfox, H.T. Accuracy of peripheral thermometers for
estimating temperature: A systematic review and meta-analysis. Ann. Intern. Med. 2015, 163, 768–777. [CrossRef]

57. Tuitui, R.L.; Suwal, S.N.; Shrestha, S. Hand-touch method for detection of neonatal hypothermia in Nepal. J. Trop. Pediatr. 2011,
57, 236–238. [CrossRef] [PubMed]

58. Sund-Levander, M.; Grodzinsky, E. Assessment of body temperature measurement options. Br. J. Nurs. 2013, 22, 882–888.
[CrossRef]

59. Kiekkas, P.; Stefanopoulos, N.; Bakalis, N.; Kefaliakos, A.; Karanikolas, M. Agreement of infrared temporal artery thermometry
with other thermometry methods in adults: Systematic review. J. Clin. Nurs. 2016, 25, 894–905. [CrossRef]

60. Goswami, E.; Batra, P.; Khurana, R.; Dewan, P. Comparison of Temporal Artery Thermometry with Axillary and Rectal
Thermometry in Full Term Neonates. Indian J. Pediatr. 2017, 84, 195–199. [CrossRef]

61. Cox, E.G.M.; Dieperink, W.; Wiersema, R.; Doesburg, F.; van der Meulen, I.C.; Paans, W. Temporal artery temperature mea-
surements versus bladder temperature in critically ill patients, a prospective observational study. PLoS ONE 2020, 15, e0241846.
[CrossRef]

62. Aykanat, V.M.; Broadbent, E.; Peyton, P.J. Reliability of alternative devices for postoperative patient temperature measurement:
Two prospective, observational studies. Anaesthesia 2021, 76, 514–519. [CrossRef] [PubMed]

63. Stephen, C.R.; Dent, S.J.; Hall, K.D.; Smith, W.W. Physiologic reactions during profound hypothermia with cardioplegia.
Anesthesiology 1961, 22, 873–881. [CrossRef] [PubMed]

64. Kimberger, O.; Thell, R.; Schuh, M.; Koch, J.; Sessler, D.I.; Kurz, A. Accuracy and precision of a novel non-invasive core
thermometer. Br. J. Anaesth. 2009, 103, 226–231. [CrossRef]

65. Hart, D.; Rischall, M.; Durgin, K.; Donoghue, M.; Pham, T.; Wyatt, T.; Stang, J.; DeVries, P.; Driver, B. Non-invasive zero-heat-flux
technology compared with traditional core temperature measurements in the emergency department. Am. J. Emerg. Med. 2020,
38, 2383–2386. [CrossRef] [PubMed]

66. Dahyot-Fizelier, C.; Lamarche, S.; Kerforne, T.; Benard, T.; Giraud, B.; Bellier, R.; Carise, E.; Frasca, D.; Mimoz, O. Accuracy of
Zero-Heat-Flux Cutaneous Temperature in Intensive Care Adults. Crit. Care Med. 2017, 45, e715–e717. [CrossRef]

67. Muth, C.M.; Shank, E.; Hauser, B.; Radermacher, P.; Groger, M.; Ehrmann, U. Infrared ear thermometry in water-related
accidents-not a good choice. J. Emerg. Med. 2010, 38, 417–421. [CrossRef] [PubMed]

68. Rogers, I.R.; Brannigan, D.; Montgomery, A.; Khangure, N.; Williams, A.; Jacobs, I. Tympanic thermometry is unsuitable as a
screening tool for hypothermia after open water swimming. Wilderness Environ. Med. 2007, 18, 218–221. [CrossRef]

69. Ducharme, M.B.; Frim, J.; Bourdon, L.; Giesbrecht, G.G. Evaluation of infrared tympanic thermometers during normothermia and
hypothermia in humans. Ann. N. Y. Acad. Sci. 1997, 813, 225–229. [CrossRef]

70. McCaffrey, T.V.; McCook, R.D.; Wurster, R.D. Effect of head skin temperature on tympanic and oral temperature in man. J. Appl.
Physiol. 1975, 39, 114–118. [CrossRef]

71. Shin, J.; Kim, J.; Song, K.; Kwak, Y. Core temperature measurement in therapeutic hypothermia according to different phases:
Comparison of bladder, rectal, and tympanic versus pulmonary artery methods. Resuscitation 2013, 84, 810–817. [CrossRef]

72. Lim, H.; Kim, B.; Kim, D.C.; Lee, S.K.; Ko, S. A comparison of the temperature difference according to the placement of a
nasopharyngeal temperature probe. Korean J. Anesthesiol. 2016, 69, 357–361. [CrossRef] [PubMed]

http://doi.org/10.1053/j.jvca.2016.03.141
http://doi.org/10.1177/0267659113497228
http://www.ncbi.nlm.nih.gov/pubmed/23863492
http://doi.org/10.1186/s13049-015-0172-5
http://doi.org/10.3357/ASEM.3102.2011
http://www.ncbi.nlm.nih.gov/pubmed/22195389
http://doi.org/10.1510/icvts.2008.181974
http://www.ncbi.nlm.nih.gov/pubmed/18658167
http://doi.org/10.1016/0735-6757(92)90003-G
http://doi.org/10.1186/s13049-015-0148-5
http://doi.org/10.1097/00000542-199502000-00004
http://www.ncbi.nlm.nih.gov/pubmed/7856892
http://doi.org/10.1007/BF02886820
http://www.ncbi.nlm.nih.gov/pubmed/8207458
http://doi.org/10.7326/M15-1150
http://doi.org/10.1093/tropej/fmq084
http://www.ncbi.nlm.nih.gov/pubmed/20858703
http://doi.org/10.12968/bjon.2013.22.15.882
http://doi.org/10.1111/jocn.13117
http://doi.org/10.1007/s12098-016-2259-z
http://doi.org/10.1371/journal.pone.0241846
http://doi.org/10.1111/anae.15248
http://www.ncbi.nlm.nih.gov/pubmed/32845016
http://doi.org/10.1097/00000542-196111000-00001
http://www.ncbi.nlm.nih.gov/pubmed/13916908
http://doi.org/10.1093/bja/aep134
http://doi.org/10.1016/j.ajem.2020.08.071
http://www.ncbi.nlm.nih.gov/pubmed/33041152
http://doi.org/10.1097/CCM.0000000000002317
http://doi.org/10.1016/j.jemermed.2007.10.061
http://www.ncbi.nlm.nih.gov/pubmed/18439786
http://doi.org/10.1580/06-WEME-BR-044R2.1
http://doi.org/10.1111/j.1749-6632.1997.tb51698.x
http://doi.org/10.1152/jappl.1975.39.1.114
http://doi.org/10.1016/j.resuscitation.2012.12.023
http://doi.org/10.4097/kjae.2016.69.4.357
http://www.ncbi.nlm.nih.gov/pubmed/27482312


Int. J. Environ. Res. Public Health 2022, 19, 501 22 of 25

73. Pasquier, M.; Paal, P.; Kosinski, S.; Brown, D.; Podsiadlo, P.; Darocha, T. Esophageal Temperature Measurement. N. Engl. J. Med.
2020, 383, e93. [CrossRef]

74. Whitby, J.D.; Dunkin, L.J. Temperature differences in the oesophagus. Preliminary study. Br. J. Anaesth. 1968, 40, 991–995.
[CrossRef]

75. Rauch, S.; Miller, C.; Brauer, A.; Wallner, B.; Bock, M.; Paal, P. Perioperative Hypothermia—A Narrative Review. Int. J. Environ.
Res. Public Health 2021, 18, 8749. [CrossRef] [PubMed]

76. Dow, J.; Giesbrecht, G.G.; Danzl, D.F.; Brugger, H.; Sagalyn, E.B.; Walpoth, B.; Auerbach, P.S.; McIntosh, S.E.; Nemethy, M.;
McDevitt, M.; et al. Wilderness Medical Society Clinical Practice Guidelines for the out-of-Hospital Evaluation and Treatment of
Accidental Hypothermia: 2019 Update. Wilderness Environ. Med. 2019, 30, S47–S69. [CrossRef] [PubMed]

77. Rischall, M.L.; Rowland-Fisher, A. Evidence-Based Management of Accidental Hypothermia in the Emergency Department.
Emerg. Med. Pract. 2016, 18, 1–18.

78. Zafren, K.; Giesbrecht, G.G.; Danzl, D.F.; Brugger, H.; Sagalyn, E.B.; Walpoth, B.; Weiss, E.A.; Auerbach, P.S.; McIntosh, S.E.;
Nemethy, M.; et al. Wilderness Medical Society practice guidelines for the out-of-hospital evaluation and treatment of accidental
hypothermia: 2014 update. Wilderness Environ. Med. 2014, 25 (Suppl. 4), S66–S85. [CrossRef] [PubMed]

79. Brown, D.; Ellerton, J.; Paal, P.; Boyd, J. Hypothermia Evidence, Afterdrop, and Practical Experience. Wilderness Environ. Med.
2015, 26, 437–439. [CrossRef]

80. Zafren, K.; Giesbrecht, G.G.; Danzl, D.F.; Brugger, H.; Sagalyn, E.B.; Walpoth, B.; Weiss, E.A.; Auerbach, P.S.; McIntosh, S.E.;
Nemethy, M.; et al. Hypothermia Evidence, Afterdrop, and Guidelines. Wilderness Environ. Med. 2015, 26, 439–441. [CrossRef]

81. Pasquier, M.; Blancher, M.; Zen Ruffinen, G.; Hugli, O. Does Rescue Collapse Mandate a Paradigm Shift in the Field Management
of Avalanche Victims? High Alt. Med. Biol. 2015, 16, 171–172. [CrossRef]

82. Blumenberg, A. Dosing Heat: Expected Core Temperature Change with Warmed or Cooled Intravenous Fluids. Ther. Hypothermia
Temp. Manag. 2020, 11, 223–229. [CrossRef]

83. Debaty, G.; Moustapha, I.; Bouzat, P.; Maignan, M.; Blancher, M.; Rallo, A.; Brun, J.; Chavanon, O.; Danel, V.; Carpentier, F.; et al.
Outcome after severe accidental hypothermia in the French Alps: A 10-year review. Resuscitation 2015, 93, 118–123. [CrossRef]

84. Darocha, T.; Kosinski, S.; Jarosz, A.; Podsiadlo, P.; Zietkiewicz, M.; Sanak, T.; Galazkowski, R.; Piatek, J.; Konstanty-Kalandyk,
J.; Drwila, R. Should capnography be used as a guide for choosing a ventilation strategy in circulatory shock caused by severe
hypothermia? Observational case-series study. Scand. J. Trauma Resusc. Emerg. Med. 2017, 25, 15. [CrossRef]

85. Schon, C.A.; Gordon, L.; Holzl, N.; Milani, M.; Paal, P.; Zafren, K. Determination of Death in Mountain Rescue: Recommendations
of the International Commission for Mountain Emergency Medicine (ICAR MedCom). Wilderness Environ. Med. 2020, 31, 506–520.
[CrossRef]

86. Maeder, M.B.; Lischke, V.; Berner, A.; Reisten, O.; Pietsch, U.; Pasquier, M. A patient with polytrauma, hypothermia and cardiac
arrest after delayed mountain rescue. CMAJ 2018, 190, E1263. [CrossRef] [PubMed]

87. Pasquier, M.; Hugli, O.; Paal, P.; Darocha, T.; Blancher, M.; Husby, P.; Silfvast, T.; Carron, P.N.; Rousson, V. Hypothermia outcome
prediction after extracorporeal life support for hypothermic cardiac arrest patients: The HOPE score. Resuscitation 2018, 126,
58–64. [CrossRef] [PubMed]

88. Swol, J.; Darocha, T.; Paal, P.; Brugger, H.; Podsiadlo, P.; Kosinski, S.; Puslecki, M.; Ligowski, M.; Pasquier, M. Extracorporeal Life
Support in Accidental Hypothermia with Cardiac Arrest-A Narrative Review. ASAIO J. 2021. [CrossRef] [PubMed]

89. Putzer, G.; Braun, P.; Zimmermann, A.; Pedross, F.; Strapazzon, G.; Brugger, H.; Paal, P. LUCAS compared to manual cardiopul-
monary resuscitation is more effective during helicopter rescue-a prospective, randomized, cross-over manikin study. Am. J.
Emerg. Med. 2013, 31, 384–389. [CrossRef]

90. Gordon, L.; Paal, P.; Ellerton, J.A.; Brugger, H.; Peek, G.J.; Zafren, K. Delayed and intermittent CPR for severe accidental
hypothermia. Resuscitation 2015, 90, 46–49. [CrossRef]

91. Putzer, G.; Braun, P.; Martini, J.; Niederstatter, I.; Abram, J.; Lindner, A.K.; Neururer, S.; Mulino, M.; Glodny, B.; Helbok, R.; et al.
Effects of head-up vs. supine CPR on cerebral oxygenation and cerebral metabolism—A prospective, randomized porcine study.
Resuscitation 2018, 128, 51–55. [CrossRef]

92. Aslam, A.F.; Aslam, A.K.; Vasavada, B.C.; Khan, I.A. Hypothermia: Evaluation, electrocardiographic manifestations, and
management. Am. J. Med. 2006, 119, 297–301. [CrossRef]

93. Giesbrecht, G.G.; Bristow, G.K.; Uin, A.; Ready, A.E.; Jones, R.A. Effectiveness of three field treatments for induced mild (33.0 ◦C)
hypothermia. J. Appl. Physiol. 1987, 63, 2375–2379. [CrossRef]

94. Kornberger, E.; Schwarz, B.; Lindner, K.H.; Mair, P. Forced air surface rewarming in patients with severe accidental hypothermia.
Resuscitation 1999, 41, 105–111. [CrossRef]

95. Anadolli, V.; Markovic-Bozic, J.; Benedik, J. Management of hypothermic submersion associated cardiac arrest in a 5-year-old
child: A case report. Resusc. Plus 2021, 8, 100161. [CrossRef]

96. Vince, S.C.; Flint, N.J.; Hall, A.P. A novel non-invasive warming technique in severe accidental hypothermia. Resuscitation 2008,
77, 144–145. [CrossRef]

97. Cocchi, M.N.; Giberson, B.; Donnino, M.W. Rapid rewarming of hypothermic patient using arctic sun device. J. Intensive Care Med.
2012, 27, 128–130. [CrossRef]

98. Roser, M.; Martens, F.; Storm, C. Iceman Survived due to Cooling Device. ISRN Cardiol. 2011, 2011, 617912. [CrossRef]

http://doi.org/10.1056/NEJMvcm1900481
http://doi.org/10.1093/bja/40.12.991
http://doi.org/10.3390/ijerph18168749
http://www.ncbi.nlm.nih.gov/pubmed/34444504
http://doi.org/10.1016/j.wem.2019.10.002
http://www.ncbi.nlm.nih.gov/pubmed/31740369
http://doi.org/10.1016/j.wem.2014.10.010
http://www.ncbi.nlm.nih.gov/pubmed/25498264
http://doi.org/10.1016/j.wem.2015.01.008
http://doi.org/10.1016/j.wem.2015.02.001
http://doi.org/10.1089/ham.2015.0012
http://doi.org/10.1089/ther.2020.0036
http://doi.org/10.1016/j.resuscitation.2015.06.013
http://doi.org/10.1186/s13049-017-0357-1
http://doi.org/10.1016/j.wem.2020.06.013
http://doi.org/10.1503/cmaj.70338
http://www.ncbi.nlm.nih.gov/pubmed/30348744
http://doi.org/10.1016/j.resuscitation.2018.02.026
http://www.ncbi.nlm.nih.gov/pubmed/29481910
http://doi.org/10.1097/MAT.0000000000001518
http://www.ncbi.nlm.nih.gov/pubmed/34261875
http://doi.org/10.1016/j.ajem.2012.07.018
http://doi.org/10.1016/j.resuscitation.2015.02.017
http://doi.org/10.1016/j.resuscitation.2018.04.038
http://doi.org/10.1016/j.amjmed.2005.09.062
http://doi.org/10.1152/jappl.1987.63.6.2375
http://doi.org/10.1016/S0300-9572(99)00069-6
http://doi.org/10.1016/j.resplu.2021.100161
http://doi.org/10.1016/j.resuscitation.2007.11.001
http://doi.org/10.1177/0885066610394423
http://doi.org/10.5402/2011/617912


Int. J. Environ. Res. Public Health 2022, 19, 501 23 of 25

99. Gregory, J.S.; Bergstein, J.M.; Aprahamian, C.; Wittmann, D.H.; Quebbeman, E.J. Comparison of three methods of rewarming
from hypothermia: Advantages of extracorporeal blood warming. J. Trauma 1991, 31, 1247–1251. [CrossRef] [PubMed]

100. Willekes, T.; Naunheim, R.; Lasater, M. A novel method of intravascular temperature modulation to treat severe hypothermia.
Emerg. Med. J. 2006, 23, e56. [CrossRef]

101. Ban, L.H.; Leone, M.; Blasco, V.; Visintini, P.; Antonini, F.; Bisbal, M.; Albanese, J.; Martin, C. A novel intravascular rewarming
method to treat severe hypothermia. Eur. J. Emerg. Med. 2008, 15, 56–58. [CrossRef] [PubMed]

102. Chua, N.Y.; Lundbye, J. Endovascular catheter as a rewarming method for accidental hypothermia. Ther. Hypothermia Temp.
Manag. 2012, 2, 89–91. [CrossRef] [PubMed]

103. Camp-Rogers, T.; Murphy, G.; Dean, A.; Gunnerson, K.; Rossler, D.; Kurz, M.C. Therapeutic hypothermia after profound
accidental hypothermia and cardiac arrest. Am. J. Emerg. Med. 2012, 30, 387.e5–387.e7. [CrossRef] [PubMed]

104. Kiridume, K.; Hifumi, T.; Kawakita, K.; Okazaki, T.; Hamaya, H.; Shinohara, N.; Abe, Y.; Takano, K.; Hagiike, M.; Kuroda, Y.
Clinical experience with an active intravascular rewarming technique for near-severe hypothermia associated with traumatic
injury. J. Intensive Care 2014, 2, 11. [CrossRef] [PubMed]

105. Laniewicz, M.; Lyn-Kew, K.; Silbergleit, R. Rapid endovascular warming for profound hypothermia. Ann. Emerg. Med. 2008, 51,
160–163. [CrossRef]

106. Hall, K.N.; Syverud, S.A. Closed thoracic cavity lavage in the treatment of severe hypothermia in human beings. Ann. Emerg.
Med. 1990, 19, 204–206. [CrossRef]

107. Turtiainen, J.; Halonen, J.; Syvaoja, S.; Hakala, T. Rewarming a patient with accidental hypothermia and cardiac arrest using
thoracic lavage. Ann. Thorac. Surg. 2014, 97, 2165–2166. [CrossRef] [PubMed]

108. O’Connor, J.P. Use of peritoneal dialysis in severely hypothermic patients. Ann. Emerg. Med. 1986, 15, 104–105. [CrossRef]
109. Gruber, E.; Beikircher, W.; Pizzinini, R.; Marsoner, H.; Pornbacher, M.; Brugger, H.; Paal, P. Non-extracorporeal rewarming at a

rate of 6.8 ◦C per hour in a deeply hypothermic arrested patient. Resuscitation 2014, 85, e119–e120. [CrossRef] [PubMed]
110. Alfonzo, A.; Lomas, A.; Drummond, I.; McGugan, E. Survival after 5-h resuscitation attempt for hypothermic cardiac arrest using

CVVH for extracorporeal rewarming. Nephrol. Dial. Transplant. 2009, 24, 1054–1056. [CrossRef] [PubMed]
111. Spooner, K.; Hassani, A. Extracorporeal rewarming in a severely hypothermic patient using venovenous haemofiltration in the

accident and emergency department. J. Accid. Emerg. Med. 2000, 17, 422–424. [CrossRef]
112. Hughes, A.; Riou, P.; Day, C. Full neurological recovery from profound (18.0 ◦C) acute accidental hypothermia: Successful

resuscitation using active invasive rewarming techniques. Emerg. Med. J. 2007, 24, 511–512. [CrossRef]
113. Komatsu, S.; Shimomatsuya, T.; Kobuchi, T.; Nakajima, M.; Amaya, H.; Konishi, S.; Shiraishi, S.; Ono, S.; Maruhashi, K. Severe

accidental hypothermia successfully treated by rewarming strategy using continuous venovenous hemodiafiltration system. J.
Trauma 2007, 62, 775–776. [CrossRef]

114. Carr, M.E., Jr.; Wolfert, A.I. Rewarming by hemodialysis for hypothermia: Failure of heparin to prevent DIC. J. Emerg. Med. 1988,
6, 277–280. [CrossRef]

115. Owda, A.; Osama, S. Hemodialysis in management of hypothermia. Am. J. Kidney Dis. 2001, 38, E8. [CrossRef] [PubMed]
116. Sultan, N.; Theakston, K.D.; Butler, R.; Suri, R.S. Treatment of severe accidental hypothermia with intermittent hemodialysis.

CJEM 2009, 11, 174–177. [CrossRef] [PubMed]
117. Caluwe, R.; Vanholder, R.; Dhondt, A. Hemodialysis as a treatment of severe accidental hypothermia. Artif. Organs 2010, 34,

237–239. [CrossRef]
118. Rahman, S.; Rubinstein, S.; Singh, J.; Samih, M.; Balsam, L. Early use of hemodialysis for active rewarming in severe hypothermia:

A case report and review of literature. Ren. Fail. 2012, 34, 784–788. [CrossRef]
119. Denk, J.A.; Michel, E.; Clark, A.J.; Thinh Pham, D.; Mehta, C.K. Veno-Venous Extracorporeal Rewarming Using Dual-Lumen

Cannula in Accidental Hypothermia. ASAIO J. 2021. [CrossRef]
120. Waters, D.J.; Belz, M.; Lawse, D.; Ulstad, D. Portable cardiopulmonary bypass: Resuscitation from prolonged ice-water submersion

and asystole. Ann. Thorac. Surg. 1994, 57, 1018–1019. [CrossRef]
121. Bjertnaes, L.J.; Hindberg, K.; Naesheim, T.O.; Suborov, E.V.; Reierth, E.; Kirov, M.Y.; Lebedinskii, K.M.; Tveita, T. Rewarming

From Hypothermic Cardiac Arrest Applying Extracorporeal Life Support: A Systematic Review and Meta-Analysis. Front. Med.
2021, 8, 641633. [CrossRef] [PubMed]

122. Friess, J.O.; Gisler, F.; Kadner, A.; Jenni, H.; Eberle, B.; Erdoes, G. The use of minimal invasive extracorporeal circulation for
rewarming after accidental hypothermia and circulatory arrest. Acta Anaesthesiol. Scand. 2021, 65, 633–638. [CrossRef]

123. Marino, R.B.; Argudo, E.; Ribas, M.; Robledo, X.R.; Martinez, I.S.; Strapazzon, G.; Darocha, T. Anesthetic Management of
Successful Extracorporeal Resuscitation After Six Hours of Cardiac Arrest Due to Severe Accidental Hypothermia. J. Cardiothorac.
Vasc. Anesth. 2021, 35, 3303–3306. [CrossRef] [PubMed]

124. Mroczek, T.; Gladki, M.; Skalski, J. Successful resuscitation from accidental hypothermia of 11.8 ◦C: Where is the lower bound for
human beings? Eur. J. Cardiothorac. Surg. 2020, 58, 1091–1092. [CrossRef] [PubMed]

125. Podsiadlo, P.; Darocha, T.; Svendsen, O.S.; Kosinski, S.; Silfvast, T.; Blancher, M.; Sawamoto, K.; Pasquier, M. Outcomes of patients
suffering unwitnessed hypothermic cardiac arrest rewarmed with extracorporeal life support: A systematic review. Artif. Organs
2021, 45, 222–229. [CrossRef]

126. Ohbe, H.; Isogai, S.; Jo, T.; Matsui, H.; Fushimi, K.; Yasunaga, H. Extracorporeal membrane oxygenation improves outcomes of
accidental hypothermia without vital signs: A nationwide observational study. Resuscitation 2019, 144, 27–32. [CrossRef]

http://doi.org/10.1097/00005373-199109000-00008
http://www.ncbi.nlm.nih.gov/pubmed/1920555
http://doi.org/10.1136/emj.2006.035360
http://doi.org/10.1097/MEJ.0b013e3282861d40
http://www.ncbi.nlm.nih.gov/pubmed/18180670
http://doi.org/10.1089/ther.2012.0001
http://www.ncbi.nlm.nih.gov/pubmed/24717161
http://doi.org/10.1016/j.ajem.2010.11.036
http://www.ncbi.nlm.nih.gov/pubmed/21295432
http://doi.org/10.1186/2052-0492-2-11
http://www.ncbi.nlm.nih.gov/pubmed/25520827
http://doi.org/10.1016/j.annemergmed.2007.05.020
http://doi.org/10.1016/S0196-0644(05)81810-4
http://doi.org/10.1016/j.athoracsur.2013.08.028
http://www.ncbi.nlm.nih.gov/pubmed/24882294
http://doi.org/10.1016/S0196-0644(86)80534-0
http://doi.org/10.1016/j.resuscitation.2014.05.011
http://www.ncbi.nlm.nih.gov/pubmed/24842849
http://doi.org/10.1093/ndt/gfn674
http://www.ncbi.nlm.nih.gov/pubmed/19059934
http://doi.org/10.1136/emj.17.6.422
http://doi.org/10.1136/emj.2006.040261
http://doi.org/10.1097/01.ta.0000195446.00160.6c
http://doi.org/10.1016/0736-4679(88)90362-9
http://doi.org/10.1053/ajkd.2001.26118
http://www.ncbi.nlm.nih.gov/pubmed/11479182
http://doi.org/10.1017/S1481803500011167
http://www.ncbi.nlm.nih.gov/pubmed/19272221
http://doi.org/10.1111/j.1525-1594.2009.00837.x
http://doi.org/10.3109/0886022X.2012.673466
http://doi.org/10.1097/MAT.0000000000001424
http://doi.org/10.1016/0003-4975(94)90229-1
http://doi.org/10.3389/fmed.2021.641633
http://www.ncbi.nlm.nih.gov/pubmed/34055829
http://doi.org/10.1111/aas.13790
http://doi.org/10.1053/j.jvca.2020.11.016
http://www.ncbi.nlm.nih.gov/pubmed/33298372
http://doi.org/10.1093/ejcts/ezaa159
http://www.ncbi.nlm.nih.gov/pubmed/33084865
http://doi.org/10.1111/aor.13818
http://doi.org/10.1016/j.resuscitation.2019.08.041


Int. J. Environ. Res. Public Health 2022, 19, 501 24 of 25

127. Carlsen, A.W.; Skjaervold, N.K.; Berg, N.J.; Karlsen, O.; Gunnarson, E.; Wahba, A. Swedish-Norwegian co-operation in the
treatment of three hypothermia victims: A case report. Scand. J. Trauma Resusc. Emerg. Med. 2017, 25, 73. [CrossRef]

128. Niehaus, M.T.; Pechulis, R.M.; Wu, J.K.; Frei, S.; Hong, J.J.; Sandhu, R.S.; Greenberg, M.R. Extracorporeal Membrane Oxygenation
(ECMO) for Hypothermic Cardiac Deterioration: A Case Series. Prehosp. Disaster Med. 2016, 31, 570–571. [CrossRef]

129. Winkler, B.; Jenni, H.J.; Gygax, E.; Schnuriger, B.; Seidl, C.; Erdoes, G.; Kadner, A.; Carrel, T.; Eberle, B. Minimally invasive
extracorporeal circulation resuscitation in hypothermic cardiac arrest. Perfusion 2016, 31, 489–494. [CrossRef]

130. Weuster, M.; Haneya, A.; Panholzer, B.; Kluter, T.; van der Brelie, M.; van Laak, U.; Cremer, J.; Haake, N. The Use of Extracorporeal
Membrane Oxygenation Systems in Severe Accidental Hypothermia after Drowning: A Centre Experience. ASAIO J. 2016, 62,
157–162. [CrossRef] [PubMed]

131. Darocha, T.; Podsiadlo, P.; Polak, M.; Hymczak, H.; Krzych, L.; Skalski, J.; Witt-Majchrzak, A.; Nowak, E.; Toczek, K.; Waligorski,
S.; et al. Prognostic Factors for Nonasphyxia-Related Cardiac Arrest Patients Undergoing Extracorporeal—HELP Registry Study.
J. Cardiothorac. Vasc. Anesth. 2020, 34, 365–371. [CrossRef]

132. Ruttmann, E.; Weissenbacher, A.; Ulmer, H.; Muller, L.; Hofer, D.; Kilo, J.; Rabl, W.; Schwarz, B.; Laufer, G.; Antretter, H.; et al.
Prolonged extracorporeal membrane oxygenation-assisted support provides improved survival in hypothermic patients with
cardiocirculatory arrest. J. Thorac. Cardiovasc. Surg. 2007, 134, 594–600. [CrossRef]

133. Patel, R.L.; Turtle, M.R.; Chambers, D.J.; James, D.N.; Newman, S.; Venn, G.E. Alpha-stat acid-base regulation during cardiopul-
monary bypass improves neuropsychologic outcome in patients undergoing coronary artery bypass grafting. J. Thorac. Cardiovasc.
Surg. 1996, 111, 1267–1279. [CrossRef]

134. Pynnonen, L.; Falkenbach, P.; Kamarainen, A.; Lonnrot, K.; Yli-Hankala, A.; Tenhunen, J. Therapeutic hypothermia after cardiac
arrest—Cerebral perfusion and metabolism during upper and lower threshold normocapnia. Resuscitation 2011, 82, 1174–1179.
[CrossRef]

135. Pasquier, M.; Rousson, V.; Darocha, T.; Bouzat, P.; Kosinski, S.; Sawamoto, K.; Champigneulle, B.; Wiberg, S.; Wanscher, M.C.J.;
Brodmann Maeder, M.; et al. Hypothermia outcome prediction after extracorporeal life support for hypothermic cardiac arrest
patients: An external validation of the HOPE score. Resuscitation 2019, 139, 321–328. [CrossRef] [PubMed]

136. McIntosh, S.E.; Freer, L.; Grissom, C.K.; Auerbach, P.S.; Rodway, G.W.; Cochran, A.; Giesbrecht, G.G.; McDevitt, M.; Imray, C.H.;
Johnson, E.L.; et al. Wilderness Medical Society Clinical Practice Guidelines for the Prevention and Treatment of Frostbite: 2019
Update. Wilderness Environ. Med. 2019, 30, S19–S32. [CrossRef]

137. Zafren, K. Nonfreezing Cold Injury (Trench Foot). Int. J. Environ. Res. Public Health 2021, 18, 10482. [CrossRef]
138. Regli, I.B.; Strapazzon, G.; Falla, M.; Oberhammer, R.; Brugger, H. Long-Term Sequelae of Frostbite—A Scoping Review. Int. J.

Environ. Res. Public Health 2021, 18, 9655. [CrossRef]
139. Richardson, A.S.C.; Tonna, J.E.; Nanjayya, V.; Nixon, P.; Abrams, D.C.; Raman, L.; Bernard, S.; Finney, S.J.; Grunau, B.;

Youngquist, S.T.; et al. Extracorporeal Cardiopulmonary Resuscitation in Adults. Interim Guideline Consensus Statement from
the Extracorporeal Life Support Organization. ASAIO J. 2021, 67, 221–228. [CrossRef]

140. Brugger, H.; Paal, P.; Zafren, K.; Strapazzon, G.; Musi, M.E. Are mobile ECMO teams necessary to treat severe accidental
hypothermia? Resuscitation 2021, 158, 301–302. [CrossRef]

141. Riera, J.; Argudo, E.; Ruiz-Rodriguez, J.C.; Rodriguez-Lecoq, R.; Ferrer, R. Full neurological recovery 6 h after cardiac arrest due
to accidental hypothermia. Lancet 2020, 395, e89. [CrossRef]

142. Darocha, T.; Kosinski, S.; Jarosz, A.; Drwila, R. Extracorporeal Rewarming from Accidental Hypothermia of Patient with Suspected
Trauma. Medicine 2015, 94, e1086. [CrossRef] [PubMed]

143. Jarosz, A.; Kosinski, S.; Darocha, T.; Paal, P.; Galazkowski, R.; Hymczak, H.; Drwila, R. Problems and Pitfalls of Qualification for
Extracorporeal Rewarming in Severe Accidental Hypothermia. J. Cardiothorac. Vasc. Anesth. 2016, 30, 1693–1697. [CrossRef]

144. Yannopoulos, D.; Bartos, J.; Raveendran, G.; Walser, E.; Connett, J.; Murray, T.A.; Collins, G.; Zhang, L.; Kalra, R.; Kosmopoulos,
M.; et al. Advanced reperfusion strategies for patients with out-of-hospital cardiac arrest and refractory ventricular fibrillation
(ARREST): A phase 2, single centre, open-label, randomised controlled trial. Lancet 2020, 396, 1807–1816. [CrossRef]

145. Monika, B.M.; Martin, D.; Balthasar, E.; Stefan, L.; Roland, D.; Lars, E.; Luca, M.; Markus, N.; Mario, S.; Eva, R.K.; et al. The
Bernese Hypothermia Algorithm: A consensus paper on in-hospital decision-making and treatment of patients in hypothermic
cardiac arrest at an alpine level 1 trauma centre. Injury 2011, 42, 539–543. [PubMed]

146. Austin, M.A.; Maynes, E.J.; O’Malley, T.J.; Mazur, P.; Darocha, T.; Entwistle, J.W.; Guy, T.S.; Massey, H.T.; Morris, R.J.;
Tchantchaleishvili, V. Outcomes of Extracorporeal Life Support Use in Accidental Hypothermia: A Systematic Review. Ann.
Thorac. Surg. 2020, 110, 1926–1932. [CrossRef]

147. Saczkowski, R.; Kuzak, N.; Grunau, B.; Schulze, C. Extracorporeal life support rewarming rate is associated with survival with
good neurological outcome in accidental hypothermia. Eur. J. Cardiothorac. Surg. 2021, 59, 593–600. [CrossRef] [PubMed]

148. Engelman, R.; Baker, R.A.; Likosky, D.S.; Grigore, A.; Dickinson, T.A.; Shore-Lesserson, L.; Hammon, J.W. The Society of Thoracic
Surgeons, The Society of Cardiovascular Anesthesiologists, and The American Society of ExtraCorporeal Technology: Clinical
Practice Guidelines for Cardiopulmonary Bypass—Temperature Management during Cardiopulmonary Bypass. Ann. Thorac.
Surg. 2015, 100, 748–757. [CrossRef]

149. Kratzert, W.B.; Gudzenko, V. ECPR or Do Not ECPR-Who and How to Choose. J. Cardiothorac. Vasc. Anesth. 2020, 34, 1195–1197.
[CrossRef] [PubMed]

http://doi.org/10.1186/s13049-017-0418-5
http://doi.org/10.1017/S1049023X16000637
http://doi.org/10.1177/0267659116636212
http://doi.org/10.1097/MAT.0000000000000312
http://www.ncbi.nlm.nih.gov/pubmed/26579978
http://doi.org/10.1053/j.jvca.2019.07.152
http://doi.org/10.1016/j.jtcvs.2007.03.049
http://doi.org/10.1016/S0022-5223(96)70230-1
http://doi.org/10.1016/j.resuscitation.2011.04.022
http://doi.org/10.1016/j.resuscitation.2019.03.017
http://www.ncbi.nlm.nih.gov/pubmed/30940473
http://doi.org/10.1016/j.wem.2019.05.002
http://doi.org/10.3390/ijerph181910482
http://doi.org/10.3390/ijerph18189655
http://doi.org/10.1097/MAT.0000000000001344
http://doi.org/10.1016/j.resuscitation.2020.11.032
http://doi.org/10.1016/S0140-6736(20)30751-0
http://doi.org/10.1097/MD.0000000000001086
http://www.ncbi.nlm.nih.gov/pubmed/26166091
http://doi.org/10.1053/j.jvca.2016.05.015
http://doi.org/10.1016/S0140-6736(20)32338-2
http://www.ncbi.nlm.nih.gov/pubmed/21146817
http://doi.org/10.1016/j.athoracsur.2020.04.076
http://doi.org/10.1093/ejcts/ezaa385
http://www.ncbi.nlm.nih.gov/pubmed/33230533
http://doi.org/10.1016/j.athoracsur.2015.03.126
http://doi.org/10.1053/j.jvca.2020.01.037
http://www.ncbi.nlm.nih.gov/pubmed/32127263


Int. J. Environ. Res. Public Health 2022, 19, 501 25 of 25

150. Saczkowski, R.S.; Brown, D.J.A.; Abu-Laban, R.B.; Fradet, G.; Schulze, C.J.; Kuzak, N.D. Prediction and risk stratification of
survival in accidental hypothermia requiring extracorporeal life support: An individual patient data meta-analysis. Resuscitation
2018, 127, 51–57. [CrossRef] [PubMed]

151. Sawamoto, K.; Bird, S.B.; Katayama, Y.; Maekawa, K.; Uemura, S.; Tanno, K.; Narimatsu, E. Outcome from severe accidental
hypothermia with cardiac arrest resuscitated with extracorporeal cardiopulmonary resuscitation. Am. J. Emerg. Med. 2014, 32,
320–324. [CrossRef]

152. Huang, M.; Shoskes, A.; Migdady, I.; Amin, M.; Hasan, L.; Price, C.; Uchino, K.; Choi, C.W.; Hernandez, A.V.; Cho, S.M. Does
Targeted Temperature Management Improve Neurological Outcome in Extracorporeal Cardiopulmonary Resuscitation (ECPR)? J.
Intensive Care Med. 2021, 8850666211018982. [CrossRef]

153. Dankiewicz, J.; Cronberg, T.; Lilja, G.; Jakobsen, J.C.; Levin, H.; Ullen, S.; Rylander, C.; Wise, M.P.; Oddo, M.; Cariou, A.; et al.
Hypothermia versus Normothermia after out-of-Hospital Cardiac Arrest. N. Engl. J. Med. 2021, 384, 2283–2294. [CrossRef]
[PubMed]

154. Casadio, M.C.; Coppo, A.; Vargiolu, A.; Villa, J.; Rota, M.; Avalli, L.; Citerio, G. Organ donation in cardiac arrest patients treated
with extracorporeal CPR: A single centre observational study. Resuscitation 2017, 118, 133–139. [CrossRef] [PubMed]

155. Walpoth, B.H.; Maeder, M.B.; Courvoisier, D.S.; Meyer, M.; Cools, E.; Darocha, T.; Blancher, M.; Champly, F.; Mantovani, L.;
Lovis, C.; et al. Hypothermic Cardiac Arrest—Retrospective cohort study from the International Hypothermia Registry. Resuscita-
tion 2021, 167, 58–65. [CrossRef] [PubMed]

View publication statsView publication stats

http://doi.org/10.1016/j.resuscitation.2018.03.028
http://www.ncbi.nlm.nih.gov/pubmed/29580960
http://doi.org/10.1016/j.ajem.2013.12.023
http://doi.org/10.1177/08850666211018982
http://doi.org/10.1056/NEJMoa2100591
http://www.ncbi.nlm.nih.gov/pubmed/34133859
http://doi.org/10.1016/j.resuscitation.2017.06.001
http://www.ncbi.nlm.nih.gov/pubmed/28596083
http://doi.org/10.1016/j.resuscitation.2021.08.016
http://www.ncbi.nlm.nih.gov/pubmed/34416307
https://www.researchgate.net/publication/357631414

	Introduction 
	Epidemiology 
	Pathophysiology 
	Diagnosis of Hypothermia 
	Treatment 
	Out of Hospital 
	In-Hospital Treatment 

	Outlook 
	Conclusions 
	References

