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Abstract

Accidental hypothermia is an unintentional drop in core body 
temperature below 35 °C. It can occur at any time of year and in any 
climate, and can affect all age groups. The epidemiology of accidental 
hypothermia reflects the interaction between biological susceptibility, 
social conditions and exposure to environmental factors. As core 
temperature falls and thermoregulation mechanisms become insufficient, 
the metabolism slows, consciousness deteriorates and the hypothermic 
myocardium becomes increasingly prone to arrhythmias and cardiac 
arrest. The prognosis is variable, and treatment outcomes are dependent 
on multiple factors, with cardiac arrest being the decisive determinant, 
carrying an in-hospital mortality rate of up to 50%. Diagnosis relies on 
accurate core temperature measurement whenever possible, together 
with clinical staging when measurement is unavailable. The management 
of accidental hypothermia should follow the hypothermic chain of 
survival: prevent further cooling, handle the patient gently, provide 
airway, breathing and circulatory support, choose the correct destination 
hospital, and rewarm the patient using passive, active external, 
active internal or extracorporeal techniques according to severity. 
Extracorporeal life support is crucial for patients with hypothermic 
cardiac arrest. Most survivors of hypothermic cardiac arrest have 
excellent neurological outcomes. Effective prevention and education, 
together with well-organized regional pathways of care and personalized 
strategies to prevent cardiac arrest, are needed to improve outcomes.
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prehospital and early hospital management of patients with AH and 
passive and active rewarming methods, including the use of thermal 
insulation materials. In addition, we discuss the eligibility criteria and 
specifics for extracorporeal life support (ECLS) rewarming, the pre-
dictors of favourable and unfavourable prognoses, tools to support 
therapeutic decision-making and outcomes in patients with AH. Finally, 
we identify current evidence gaps and future research directions.

Epidemiology
Incidence
The true incidence of AH is difficult to determine. Hospital data usu-
ally record the most severe and life-threatening cases but most mild or 
moderate incidents, as well as potential deaths, might not be recorded. 
Epidemiological data on AH are typically based on the total number of 
cases collected within a specific region and time period, and are rarely 
extrapolated to a broader region or population. Varying classifica-
tions and data collection methods in different countries can also make 
obtaining comprehensive statistics difficult.

The annual incidence of AH worldwide ranges from 0.13 to 6.9 cases  
per 100,000 population16–23. Marked differences in incidence exist 
between countries, related predominantly to socioeconomic inequali-
ties: in low-income and middle-income countries, the incidence is 
high, particularly in rural areas, where housing conditions are poor 
and access to healthcare is limited24–26. European and North American 
data often focus on hypothermia exposure in outdoor settings, whereas 
large-scale registry data from Asia provide a different perspective. In 
Japan, 73.4–77.8% of AH cases occur indoors and mainly affect the older 
population27–29. AH is frequently associated with frailty, social isola-
tion and medical comorbidities rather than extreme environmental 
stress28,30. Consequently, these patients have a poorer prognosis than 
those with AH following acute exposure to environmental cold (28.2% 
versus 10.9% mortality; adjusted OR 2.48 versus outdoor)29,31,32. In a 
separate nationwide analysis, frailty, defined as a Clinical Frailty Scale 
score of ≥5, was present in 24.0% of hypothermic patients and was 
independently associated with increased mortality (adjusted HR 1.69)27.

Sex differences in AH incidence are modest: incidence is slightly 
higher in male individuals (51–54.7%) across adult and paediatric 
cohorts5,28,33,34. Age is the strongest determinant of AH incidence, which 
is particularly high at the extremes of age. In a US cohort of >23,000 
infants, mild hypothermia occurred in 17.1% of infants, and moderate-to-
severe hypothermia occurred in 4.6% of infants34. Hypothermia in 
neonates is defined by the WHO as a temperature of ≤36.4 °C, which 
is considerably higher than the standard value of <35 °C for adults35. 
These values reflect the high thermal sensitivity of neonates. Similarly, 
the other extreme of age is also vulnerable to hypothermia. Data from 
Japan show that >60% of patients hospitalized for AH are ≥75 years 
of age28,36. Ethnic differences are evident in neonates, with a 2.6-fold 
or twofold higher risk of hypothermia in infants of Black or Asian 
mothers, respectively, than in those of non-Hispanic white mothers,  
reflecting structural inequalities rather than genetic differences34.

AH is an independent predictor of mortality in patients with severe 
injury. In the major trauma population, the reported incidence of AH 
varies considerably depending on the clinical setting, site of tem-
perature measurement and threshold definitions. Older studies found 
rates as high as 50% but newer analyses suggest a lower prevalence; for 
instance, a nationwide study in Japan found that 4.9% of adult patients 
with trauma had a Tc of <35.0 °C upon arrival at the emergency depart-
ment, whereas 25.0% presented with a Tc of <36.0 °C (refs. 37–39). In 
paediatric patients with trauma, the prevalence of a Tc of <36.0 °C 

Introduction
Accidental hypothermia (AH) is an unintentional drop in core body 
temperature to <35 °C that is caused by environmental heat loss exceed-
ing endogenous heat production. The core body temperature (Tc) 
reflects the temperature of the brain and thoracoabdominal organs. 
The heart has become a central focus of clinical attention in AH, as 
hypothermia-related myocardial depression can lead to circulatory 
instability and cardiac arrest (CA)1.

The term cold stress refers to any level of cold in the environ-
ment that triggers the activation of physiological thermoregulatory 
mechanisms2,3. The risk of AH increases primarily with decreasing ambi-
ent temperature4–6. Primary hypothermia occurs when excessive cold 
overwhelms the endogenous heat production in a healthy individual, 
leading to a decrease in Tc. The severity of cold stress is related not only 
to absolute temperature but also to air movement and humidity. Thus, 
hypothermia can occur at any time of year and in any climate, includ-
ing subtropical and tropical climates. Some diseases or conditions 
that reduce metabolic heat production or impair the body’s ability to 
regulate temperature increase the risk of AH. This type of hypother-
mia, usually related to underlying medical conditions, intoxication or 
trauma, is referred to as secondary hypothermia. Although primary and 
secondary hypothermia are conceptually distinct, differentiating them 
in emergency settings is often challenging, as environmental exposure 
frequently overlaps with pre-existing multimorbidity2,3.

Death from exposure to cold has been documented for millennia, 
but hypothermia as a clinical entity was not widely recognized until 
the mid-twentieth century7. Even then, it was diagnosed only under 
extreme conditions, such as immersion in icy water or exposure to 
extremely cold air. The definition of AH expanded in the 1960s to 
include urban and secondary forms, particularly following studies in 
people of advanced age8–10. This delayed recognition may be partly 
because, although clinical thermometers became available in the late 
nineteenth century, standard instruments typically failed to register 
temperatures low enough to detect hypothermia11. Currently, the lower 
limit for human survival in AH is documented at a Tc of 11.8 °C, illus-
trating the profound neuroprotective potential of deep hypothermia 
when metabolic demand is suppressed before irreversible ischaemic 
injury occurs12.

The human body’s thermal responses to cold and interactions 
with the environment are complex and not fully understood. It was 
not until the mid-twentieth century that pathways of heat loss through 
conduction, convection, radiation and evaporation were identified, and 
quantitative models were developed that treat the body as a system. 
The locations of the neural areas and circuits necessary for receiving 
and processing thermal stimuli have been progressively mapped since 
then and are still being refined. A simple two-compartment model of the 
human body was developed, which is still used today, and includes an 
inner core and an outer shell that exchanges heat with the environment. 
Over time, mathematical and thermophysiological models have been 
developed that consider the anatomy of the human body, control func-
tions, and thermoregulatory functions regulating sweating, vasodila-
tion and vasoconstriction, and shivering13–15. However, physiological 
responses to cold stress coupled with other non-physical parameters, 
such as behavioural and cultural responses, can still be unpredictable.

In this Primer, we summarize the definition and risk factors for AH, 
mechanisms of heat loss, and effects of low temperature on metabolism 
and organ function. We also discuss the characteristics of Tc measuring 
devices and methods and classifications of hypothermia severity on 
the basis of clinical parameters. We highlight the current principles of 
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was 14.7% on arrival40. In the polytrauma population, evidence on 
sex differences as determinants of AH is inconsistent: in a large regis-
try analysis, female sex was an independent risk factor for moderate 
hypothermia (reported as the 33.0–33.9 °C temperature stratum), 
whereas in other cohorts of patients with trauma, sex was not identi-
fied as an independent determinant of hypothermia41–44. Conversely, 
some analyses have found a higher proportion of male patients among 
patients with hypothermia45,46.

Risk factors
Cold ambient temperatures are a primary risk factor for AH. The 
risk of AH is estimated to double for every 5 °C decrease in ambient 
temperature21, and >80% of hospital admissions occur at ambient tem-
peratures of <5 °C (ref. 47). Moisture is also an important risk factor: wet 
clothing is found in up to two-thirds of patients with hypothermia48. Of 
note, secondary hypothermia results from a primary medical condition 
that disrupts thermoregulation even in thermoneutral environments.

The inability of the thermoregulatory system to prevent AH has been 
attributed to several environmental, individual and clinical risk factors 
that increase vulnerability to cold stress. Thus, the underlying causes 
can be classified into three pathophysiological mechanisms: impaired 
central or peripheral thermoregulation, decreased endogenous heat 
production and accelerated heat loss (Table 1). Importantly, these mecha-
nisms often overlap, and a single risk factor can contribute to all three 
simultaneously, especially in individuals at the extremes of age.

Impaired temperature regulation may occur under the influence 
of stimulants (alcohol or drugs) or medications (such as antipsychotics 
or β-blockers). Decreased heat production is driven by exhaustion and 
certain illnesses, such as diabetes, hypothyroidism, hypoadrenalism, 
psoriasis, infections and cardiovascular or neurological disorders. 
Rapid heat loss is exacerbated by major injuries, extensive burns and 
psychiatric conditions47,49–52. Socioeconomic factors strongly affect 
the risk of AH, especially in older individuals20,21,28,30,53. Homelessness, 
poor housing and limited healthcare create conditions for a negative 
energy balance when individuals are exposed to even moderate cold. 
AH during outdoor and mountain activities is rare but is associated 
with a high risk of cold exposure54. Outdoor workers in agriculture, 
construction and fishing are also at increased risk55,56. AH has also been 
reported following natural disasters and mass-casualty incidents, as 
well as other factors57 (Table 2).

Mechanisms/pathophysiology
The Tc is maintained within a narrow range of ~37 °C in humans, 
termed normothermia. At rest, Tc exhibits an endogenous circadian 
oscillation of a few tenths of a degree, influenced further by the indi-
vidual sleep–wake state in all individuals and the menstrual cycle in 
women58–62. Some pathological conditions, such as sleep deprivation, 
dehydration or malnutrition, can reduce the resting Tc63,64. Rather than 
conceptualizing the Tc as a single set point, thermoregulation in the 
preoptic area (POA) operates as a group of independent thermoeffector 
loops. The regulated Tc level is referred to as the balance point. When 
Tc deviates from the physiological value, heat conservation or heat 
dissipation is activated to restore normothermia65.

Thermal information is sampled by peripheral thermosensors 
(predominantly in the skin) providing feedforward signals, and 
deep-body sensors (located in the viscera, spinal cord and brain) 
providing feedback signals, for the thermoregulatory network15,66 
(Fig. 1). At the nerve endings, temperature detection is mediated by 
ion channels. TRPM8 is the primary detector of environmental cold, 

mediating responses predominantly in the innocuous cool range, but 
it also contributes to the detection of noxious cold67–69. The molecular 
identity of the specific peripheral warmth sensor is controversial: 
TRPV1, TRPV3, TRPV4 and TRPM2 channels have been proposed, but 
the evidence is conflicting70–72. TRPA1 (also known as ANKTM1) is a 
TRP-like channel specifically expressed in nociceptive neurons and is 
activated by cold temperatures, with a lower temperature activation 
threshold than TRPM8 (mean ~17.5 °C versus ~22.5 °C). Unlike TRPM8, 
TRPA1 is co-expressed with the heat and capsaicin receptor TRPV1, iden-
tifying a population of neurons responding to both noxious heat and 
noxious cold, and oxidative stress73,74. In addition to classic TRP chan-
nels, thermosensation may also be dependent on other elements such 
as K2P potassium channels (TREK1, TREK2 and TRAAK), Na–K-ATPase, 
ENaC channels, P2X receptors, and voltage-gated sodium channels 
(Nav1.8 and Nav1.9), which modulate cell excitability75.

Thermal signals are conducted peripherally by thin myelinated 
Aδ fibres (that are responsible for the rapid response to cold) and 
unmyelinated C fibres (that mediate innocuous warmth and slower 
cooling sensations)65,76–78. These signals ascend from the dorsal horn 
and trigeminal sensory nuclei to the lateral parabrachial nucleus and 
then to the POA of the hypothalamus, where they integrate with cen-
tral sensors to control the autonomic response; in parallel, a second 
pathway runs via the thalamus to the insular and somatosensory cortex 
for perception. Deep body temperature is sensed by thermosensitive 
mechanisms in the abdominal viscera, the spinal cord and the POA. 

Table 1 | Pathophysiological mechanisms and risk factors 
of hypothermia

Mechanism Pathophysiology Risk factors

Impaired 
thermoregulation

Central: hypothalamic lesions 
(tumours, stroke or trauma), 
Wernicke encephalopathy or 
neurodegenerative diseases
Peripheral: spinal cord injuries or 
peripheral neuropathies (for 
example, diabetic neuropathy)
Pharmacological or toxicological: 
alcohol, sedatives, antidepressants, 
antipsychotics or anaesthetics

Extremes of 
age, frailty, 
neurodegenerative 
diseases, 
alcoholism, drug 
addiction or 
polypharmacy

Decreased heat 
production

Endocrine or metabolic: 
hypothyroidism, hypopituitarism, 
adrenal insufficiency, severe 
hypoglycaemia, diabetes mellitus, 
end-stage liver cirrhosis or acute 
liver failure
Nutritional or inactivity: 
malnutrition, exhaustion, muscle 
atrophy or immobility

Chronic illness or 
immobility; infants 
and neonates 
(limited metabolic 
reserves)

Increased heat 
loss

Skin: severe trauma, extensive 
burns or skin loss
Vascular: vasodilation 
(intoxication or sepsis), loss of 
vasomotor tone in neurogenic 
shock or iatrogenic (drugs or 
massive cold fluid resuscitation)
Neurological: neurodegenerative 
and psychiatric diseases
Socioeconomic: homelessness 
or poverty

Environmental 
exposure, lack 
of protective 
clothing and 
residential heating, 
major trauma 
and polytrauma, 
infections 
and sepsis, 
or polypharmacy

Primary environmental exposure and secondary medical conditions may overlap in causing 
increased heat loss.
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Abdominal visceral thermal information is conducted mainly by vagal 
afferents through the nucleus of the solitary tract to the lateral parabra-
chial nucleus; cutaneous and visceral thermal signals converge in the 
lateral parabrachial nucleus70,79. However, behavioural thermoregu-
latory responses, such as avoidance of innocuous heat and cold, are 
not inhibited by lesions in the thalamus58,80–82. Descending pathways 
from the POA, via the rostral medulla, drive the sympathetic control of 
cutaneous vasomotion and brown adipose tissue (BAT) thermogenesis 
and activate brainstem–spinal circuits for shivering58,83.

Heat generation
A major proportion of cellular heat is generated in mitochondria 
through oxidative metabolism. Electrons from glucose, fatty acids and 
amino acids are used to reduce NAD+ and FAD to NADH and FADH2; their 
transfer through the mitochondrial respiratory chain builds a proton 
motive force, and part of the Gibbs free energy is dissipated as heat 
through basal proton leakage. Autonomically regulated, purposeful 
uncoupling is also possible, resulting in non-shivering thermogenesis in 
BAT84–86. Cytoplasmic metabolism and ATP-consuming processes also 
liberate heat. During ATP hydrolysis to power cellular work (for exam-
ple, myosin cycling, membrane pumps and biosynthesis), a fraction of 
the energy consumed is dissipated as heat86.

Thermogenesis is further amplified by skeletal muscle contrac-
tions or shivering. The organs of the central compartment, the brain, 
heart, liver and kidneys, are responsible for ~60% of the total heat pro-
duction at rest; however, their mass represents <10% of the total body 
mass87,88. Heat is redistributed and removed primarily by the circula-
tion: blood shifts from the viscera to the skin, and cutaneous vasomo-
tor activity modulates heat exchange with the environment89,90. The 
brain has a high metabolic heat production with relatively low thermal 
conductivity and its temperature depends mainly on perfusion91.

Mechanisms to prevent hypothermia
Behavioural thermoregulation is the first and most effective way to 
maintain Tc. Humans actively adjust their clothing, body position and 

microenvironment before measurable shifts in Tc or even skin tempera-
ture occur92. Within the thermoneutral zone, Tc is maintained without 
shivering or evaporative heat loss, and heat balance is achieved pre-
dominantly through vasoconstriction and vasodilation66. The vasomo-
tor response of the skin creates two distinct compartments: peripheral 
and central. The peripheral compartment encompasses the skin and 
subcutaneous tissue, most importantly the limbs, and its function is 
to protect the central compartment, which contains the organs most 
susceptible to thermal injury. Insulation by the cooler peripheral layer 
contributes to the initial cooling of the core in hypothermia before 
heat loss to the environment becomes the dominant factor. Glabrous 
(hairless) skin on the palms of the hands and soles of the feet is rich in 
arteriovenous anastomoses, and opening them rapidly increases heat 
loss, whereas closing them reduces cutaneous blood flow and conserves 
heat93. Hairy skin lacks these anastomoses and serves mainly as insulation. 
The vasomotor response begins when the skin temperature decreases 
to <36 °C, reaching a maximum at 31 °C; it becomes less efficient with 
age owing to atherosclerosis, and impaired neuronal sensitivity predis-
poses older people to faster development of hypothermia94–97. Reflex 
cutaneous vasoconstriction is mediated primarily by noradrenaline and 
neuropeptide Y95. Local cooling activates Rho kinase signalling, which 
downregulates endothelial nitric oxide synthase, reducing nitric oxide 
bioavailability and lowering skin perfusion98.

When cold stress exceeds the compensation capacity of peripheral 
vasoconstriction and blood redistribution, additional defence mecha-
nisms, such as skeletal muscle thermogenesis (shivering) and, to some 
extent, non-shivering thermogenesis in BAT, are activated. In adults, shiv-
ering is the predominant effect, considerably exceeding non-shivering 
thermogenesis. Shivering typically starts in axial muscles, such as the 
pectoralis major and rectus abdominis, and spreads peripherally to 
the limbs95,99–101. In young healthy adults it begins at a Tc below ~36.1 °C, 
whereas this threshold can be reduced to ~35.2 °C in older age102,103. 
It generates heat at a rate of around 4 to 5 times the resting metabolic 
rate, peaking at a Tc of around 34.5–35.2 °C (refs. 100,104). However, 
shivering intensity diminishes with falling Tc and eventually ceases at 

Table 2 | Causes and risk factors for accidental hypothermia in different populations and exposure environments

Population Subgroups or setting Primary cause Contributing factors Refs.

Urban Indoor-exposed group Residential exposure 
and impaired 
thermoregulation

Advanced age, loneliness, chronic illness, 
neurodegenerative diseases, immobility, 
frailty, infections, poverty or female sex

23,28,30,32,47,48,50,52,53,321,347–349

Outdoor-exposed group Environmental 
exposure

Homelessness, alcoholism, drug addiction, 
social marginalization, risky behaviour or 
male sex

Trauma Major trauma and 
polytrauma

Environmental 
exposure and impaired 
thermoregulation

High injury severity, Glasgow coma scale 
score ≤8, hypotension or shock, female sex, 
night-time, two-wheeled vehicle accidents, 
prolonged evacuation or larger volume of 
prehospital fluid transfusions

37,41,44,45,322,350–352

Outdoor 
recreational or 
occupational 
activity

Mountain and remote area 
activities, agriculture, 
construction, fishing

Environmental 
exposure

Inadequate protective clothing, insufficient 
preventive measures, exhaustion, 
immersion or avalanche burial

54–56

Disasters Earthquake, tsunami, 
warfare, mass casualty 
incidents, mass evacuation

Environmental 
exposure

Lack of shelter or heating, disrupted utilities, 
frailty or immobility, evacuation delays or 
combat trauma

57,353

Neonates and 
infants

Prematurity, low 
birthweight, perinatal 
asphyxia

Immature 
thermoregulation 
response

Large surface-to-volume ratio, inadequate 
thermal protection, malnutrition or poverty

26,34,354–356
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Tc below ~31 °C (refs. 97,99). If energy substrates are available, shivering 
can persist for hours but at the cost of increase in oxygen consump-
tion, which carries the risks of metabolic acidosis and other metabolic 
disturbances, as well as elevations in intracranial and intrathoracic 
pressures97,105–108.

Non-shivering thermogenesis occurs mainly in BAT, which com-
prises lipid-rich adipocytes with mitochondria containing uncoupling 
protein 1 (UCP1) in their inner membrane. UCP1 uncouples oxidative 
phosphorylation to generate heat109–111. Until the late 2000s, BAT was 
thought to have a role in thermogenesis in infants only. It is now known 
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Fig. 1 | Thermoregulatory mechanisms. Thermal stimuli are detected by 
free nerve endings in the epidermis and mucosa via temperature-sensitive ion 
channels, including transient receptor potential channels. These signals are 
conducted by Aδ and C fibres via dorsal root ganglia to the dorsal horn of the 
spinal cord for the body, or via the trigeminal ganglia to the trigeminal sensory 
nuclei for the face and oral mucosa65,76–78. Thermal signals from the dorsal horn 
and trigeminal sensory nuclei ascend to the lateral parabrachial nucleus (LPB) 
in the brainstem and then to the preoptic area (POA) in the hypothalamus. 
The POA integrates inputs and coordinates the autonomic and somatomotor 
thermoregulatory responses. In parallel, a second pathway runs via the thalamus 
to the insular and somatosensory cortices for perception. Deep body temperature 
is sensed by thermosensitive mechanisms in the abdominal viscera, the spinal 
cord and the POA. Abdominal visceral thermal information is carried mainly by 

vagal afferents, with much of this sensory information converging in the nucleus 
tractus solitarius before passing to the LPB; cutaneous and visceral thermal signals 
may converge in the LPB. The molecular identity of visceral thermosensors and 
the functional contribution of abdominal thermosensation to thermoregulation 
are less firmly established than the cutaneous dorsal horn–LPB–POA pathway. 
Descending pathways from the POA, involving the dorsomedial hypothalamus 
and the rostral medulla, drive the sympathetic control of cutaneous vasomotion 
and brown adipose tissue thermogenesis and activate brainstem–spinal circuits 
for shivering. For simplicity, the diagram shows only the principal afferent and 
efferent pathways. Intrinsic thermosensitivity of central structures, including 
the POA, other brain regions and the spinal cord, is not shown separately, as its 
molecular basis remains incompletely defined. Innate behavioural avoidance 
responses are also not shown separately. CNS, central nervous system58,83.
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that in adults, metabolically active BAT is present, activated by cold, 
contributes to cold defence and increases whole-body energy expendi-
ture during cold exposure109,110. In adults, the average BAT volume meas-
ured by 18F-fluorodeoxyglucose PET–CT is ~168 ml (range 31–329 ml)110. 
Compared with warm conditions, cold conditions increase glucose 
uptake by BAT by ~15-fold, and theoretical estimates suggest that ~50 g 
of maximally stimulated BAT can account for up to around 10–20% of 
resting energy expenditure (a negligible magnitude compared with 
the 400–500% increase driven by shivering)111,112. However, the actual 
contribution of BAT thermogenesis in humans is probably modest and 
highly variable owing to the heterogeneity and physiological limits 
of maximal activation.

Mechanisms of heat loss
Heat transfer from the skin is the main heat loss pathway. Energy 
transfer between the central and peripheral compartments occurs 
primarily through the blood and, to a lesser extent, through adjacent 
tissues113,114. Heat loss depends on autonomic vasomotor control and 
body composition and is inversely proportional to the thickness of the 
subcutaneous tissue95. Owing to its low thermal conductivity, adipose 
tissue provides additional insulation115. Skin colour has no noteworthy 
effect on the degree of radiation116.

The final heat balance depends on the amount of heat generated 
and transferred from internal organs to the skin and from the skin to the 
environment via radiation, evaporation, convection and conduction 
mechanisms117 (Fig. 2). Thus, precise estimation of the contributions 
of individual mechanisms to total heat loss requires the consideration 
of environmental conditions (for example, snow and water exposure), 
thermal insulation methods and anthropometric measurements.

For example, at rest in still air, around 60–70% of total heat loss 
occurs through radiation, whereas convection contributes around 
10–20% only; evaporative and respiratory losses remain small until 
the ambient temperature reaches the skin temperature. Evaporative 
and respiratory losses are usually minor in cold environments unless 
clothing is wet or minute ventilation (the volume of air exhaled from 
the lungs in a minute) is high118. However, convective heat loss increases 

exponentially with air movement, as wind disrupts the insulating 
boundary layer of warm air surrounding the skin119.

For a person standing or walking, heat transfer by conduction is 
negligible because of the small contact area of the feet with the ground. 
However, for a person lying on a cold surface, conductive heat loss 
can be considerable. When immersed in cold water, conductive heat 
transfer predominates, because the thermal conductivity of water is 
~24 times greater than that of air, and its volume-specific heat capac-
ity is ~3,500 times higher120,121. Consequently, immersion in cold water 
facilitates heat transfer, and the cooling rate can reach 0.5 °C/min in 
water at 2 °C. In addition, immersion in water at <15 °C can cause CA in 
<30 min; however, individual tolerance varies widely95,120,122,123. Buried 
avalanche victims cool at a rate of up to 14 °C/h (refs. 124–126). Heat 
loss through evaporation from the respiratory tract is negligible in a 
cold environment127,128.

Cellular effects
Cooling reduces cell membrane fluidity, altering the conformation and 
mobility of membrane-associated proteins, which affects electrical 
excitability and cellular transport (Fig. 3). The gating of ion channels 
and the activity of transmembrane transporters are reduced, disrupt-
ing ionic homeostasis and cellular biochemical reactions129–131. For 
example, in kidney cells, ouabain-sensitive K+ influx at 5 °C was ~9.7% 
of that at 38 °C, whereas Na–K-ATPase activity decreased to around 
1–2%132. In parallel, mitochondrial ATP availability declines as oxidative 
phosphorylation slows, limiting the energy for active membrane trans-
port and homeostatic control. The metabolic temperature depend-
ence follows the Q10 relationship: a decrease of ~10 °C in Tc leads to 
a decrease in whole-body O2 consumption of 50%; thus, metabolism 
at 28 °C is ~50% of that under normothermic conditions133,134. Impor-
tantly, in the central nervous system, hypothermia mitigates energy 
failure because ATP breakdown is reduced more than ATP synthesis135. 
Hypothermia-induced metabolic depression is primarily driven by the 
temperature-dependent inhibition of enzymes, mainly in the Krebs 
cycle and oxidative phosphorylation135,136. The activity of cytochrome 
P450 and other metabolic enzymes is considerably reduced, which 

Radiation

Shell
Core

Convection

Conduction

Evaporation

Fig. 2 | Mechanisms of heat loss. Heat transfer is bidirectional. The final effect 
is determined by the gradient between the skin temperature and ambient 
temperature. The delivery of heat from the core to the skin depends on 
temperature gradients, the insulating effect of subcutaneous fat and cutaneous 
perfusion. Radiation involves the emission of heat in the form of electromagnetic 
waves with an infrared spectral band from the skin to the environment without 
contact and is described by the Stefan–Boltzmann law. Thermal radiation is 

dependent on both constant and modifiable factors, such as the exposed skin 
surface area and blood vessel tonus. Conduction occurs where the body contacts 
another surface. Convection reflects the bulk movement of air or water that 
continuously removes the warm boundary layer at the skin. During evaporative 
heat loss, latent heat from the skin and airway dissipates as water vapour. This 
form of heat loss becomes the main heat transfer route when the ambient 
temperature approaches or exceeds the skin temperature58,95,118.
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impairs drug metabolism and may contribute to drug toxicity during 
rewarming137.

The slowdown in metabolism results in a global reduction in pro-
tein synthesis, except for that of cold-shock proteins138. Overexpressed 
in response to thermal stress, cold-shock proteins act as RNA and 
DNA chaperones that bind to nucleic acids and regulate transcription, 
translation and splicing139,140. In mammals, cold-shock proteins include 
cold-inducible RNA-binding protein (CIRP) and RNA-binding protein 3  
(RBM3)141. RBM3 has a role in neuronal cytoprotection; the effects 
of CIRP are not fully understood but it can have roles in intracellular 
stress responses and extracellular pro-inflammatory signalling142–144. 
Reduced blood flow during hypothermia can lead to tissue hypoxia 
and depletion of ATP and antioxidant defence mechanisms, triggering 
ionic imbalance, membrane depolarization and progressive intracel-
lular calcium loading. The resulting oxidative stress causes secondary 
damage to cell structures, increasing cell membrane permeability and 
activating apoptotic pathways145,146. Calcium overload together with 
reactive oxygen species can induce mitochondrial swelling, perme-
ability, and release of pro-apoptotic mediators. However, isolated 
brain mitochondria at 32 °C are more resistant to calcium-induced 
transient permeability transition pore opening than at 37 °C147. As 
permeability transition pore activation contributes to reperfusion 
injury, hypothermia protects the brain by increasing mitochondrial 
tolerance to calcium overload. Hypothermia-induced neuroprotection 
may also be mediated by the inhibition of matrix metalloproteinases, 
which preserves the integrity of the blood–brain barrier148. Hypother-
mic cell injury causes both necrosis and apoptosis. Because apoptosis 
requires ATP, the cell dies by necrosis when ATP is severely depleted, 
and by apoptosis when some ATP remains.

Organ and systemic effects
AH leads to a gradual depression of all body systems after initial stimula-
tion to maintain normothermia149,150. Thermal comfort perception, AH 
clinical presentation and severity of symptoms can vary considerably 
between individuals, often depending on behavioural and cultural 
factors, the circumstances of the event and comorbidities151–153 (Box 1). 
Symptoms affecting the central nervous system and the circulatory 
system are crucial to patient prognosis and management150.

Nervous system. Mild hypothermia leads to hyperreflexia, slowed 
cognitive function, confusion and dysarthria. Moderate hypother-
mia results in hyporeflexia with sensory deficits, progressive impair-
ment of consciousness and perception, delusions and hallucinations. 
In patients without severe trauma or neurological disease, deteri-
oration in the level of consciousness is correlated with a decrease 
in Tc, which can, therefore, be used to assess severity of AH150,154. 
Severe hypothermia results in coma with profoundly depressed 
reflexes, which are sometimes clinically undetectable. Fixed, dilated 
pupils can be present in individuals with severe hypothermia, even  
without CA155.

Cardiovascular system. Hypothermia affects heart contractility and 
cardiovascular stability, but the individual overall haemodynamic 
response varies and is not a good surrogate of hypothermia sever-
ity150,156,157. In mild hypothermia, increased heart contractility may 
depend on increased myofilament responsiveness to calcium158. The 
reduced contractility in progressing hypothermia is believed to be 
caused by reduced myocyte calcium sensitivity in association with 
increased phosphorylation of troponin159,160. As Tc decreases, blood 

pressure and heart rate decrease154,161,162. Severe bradycardia generally 
occurs at a Tc of <30 °C (refs. 150,157). An animal study indicated that, 
at a Tc of 25°C, cardiac output is reduced to ~37% of baseline, primar-
ily owing to a substantial reduction in heart rate while left ventricle 
stroke volume remains unchanged163. Moderate hypothermia can 
be associated with a variety of electrocardiographic abnormalities, 
such as the presence of Osborne ( J) waves; QRS complex, PR and QT 
interval prolongation; and various T wave abnormalities164–166. Atrial 
fibrillation can occur at a Tc of <33 °C. CA can occur during hypo-
thermia and rewarming phase; thus, close monitoring of vital signs 
is recommended. In witnessed hypothermic CA (HCA), ventricular 
fibrillation is most commonly the first rhythm recorded (64%), fol-
lowed by asystole (30%) and pulseless electrical activity (6%)167. In 
unwitnessed HCA, asystole is the most frequent initial rhythm 
(65.1%), followed by ventricular fibrillation (26.4%) and pulseless  
electrical activity (9%)168.

Also, during the rewarming phase, patients are at risk of rewarm-
ing shock, a state of acute circulatory collapse characterized by a drop 
in cardiac output and blood pressure during or after rewarming169,170. 
This is thought to be a combination of vasodilation during rewarming 
and myocardial systolic dysfunction, particularly in the context of 
hypovolaemia from cold diuresis170,171. Experimental data indicate that 
hypothermia rewarming decreases myofilament calcium sensitivity 
and is associated with increased phosphorylation of cardiac troponin I,  
which contributes to impaired contractility159,160. In a study from Japan, 
3.7% of patients with AH developed ventricular fibrillation or pulseless 
ventricular tachycardia during rewarming28. Interestingly, ventricular 
fibrillation or pulseless ventricular tachycardia during rewarming 
has been found to occur in patients with Osborn waves on admis-
sion, whereas no such arrhythmias were observed in patients without 
Osborn waves172.

Rescue collapse. Witnessed HCA associated with rescue and medical 
treatment, sometimes called rescue collapse, is caused by a patient’s 
extreme sensitivity to external stimuli, including mobilization or 
changes in body position during rescue efforts167,173. The pathophysi-
ology of rescue collapse is poorly understood and is probably multi-
factorial. The sudden reduction in hydrostatic pressure induced by 
water during immersion can cause pooling of blood in dependent 
areas, reduced venous return and a critical reduction in cardiac out-
put, as well as the development of ventricular fibrillation. Arterial 
hypotension secondary to reduced or dysregulated catecholamine 
levels, the afterdrop phenomenon, hypovolaemia and acute acid–base 
disturbances may also have a role174–176. Rescue collapse doubles the 
risk of unfavourable outcomes compared with patients who retain 
spontaneous circulation173.

Afterdrop. Afterdrop is defined as a secondary decrease in Tc that can 
occur during the initial period of rewarming176. It may be explained by 
two non-exclusive mechanisms: convective (circulatory) and conduc-
tive (core-to-periphery) heat transfer. The convective component 
involves redistribution of blood flow with increased perfusion of cold 
peripheral tissues and/or return of cooler blood from the extremities 
to the core as peripheral vasodilation occurs during rewarming177,178. 
Conductive cooling occurs as heat is transferred from the warmer core 
to the colder peripheral tissues along a temperature gradient that per-
sists even after the patient is removed from the cold environment178–180. 
Experimental data suggest that conductive heat transfer can occur even 
when peripheral blood flow is limited179. In severe hypothermia, a large 
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afterdrop combined with slow rewarming may contribute to clinical 
instability and increased arrhythmic risk.

Haematological system. AH induces a complex cold-induced coagu-
lopathy that is often masked in routine clinical practice, as laboratory 
tests (including prothrombin time, international normalized ratio and 
activated partial thromboplastin time) are routinely performed after 
rewarming the blood sample to 37 °C. AH impairs the coagulation 
system by decreasing the activity of clotting factors, impairing the 
adhesion of platelets and potentially disrupting fibrinolysis, leading 
to prolonged clotting times and increased bleeding risk. The effect 
is temperature-dependent, contributing to a hypocoagulable state 
below ~33 °C (ref. 181). The decrease in platelet count is mainly owing 
to platelet sequestration from the circulation and storage, primarily in 
the spleen, rather than owing to increased consumption182. Coagulation 
abnormalities are associated with mortality in AH; studies of hypo-
thermia in the urban setting have demonstrated that a prolonged pro-
thrombin time ratio is independently associated with poor prognosis183. 
A hypercoagulable state during rewarming from hypothermia may 
sometimes be observed184,185.

Pulmonary system. After initial hyperventilation, AH depresses the 
respiratory drive, with central apnoea being possible below ~24 °C. A 
decreased respiratory rate and low tidal volume (partially owing to 
reduced lung compliance and chest stiffness) result in reduced min-
ute ventilation. In mild AH, mucociliary function and cough reflexes 
are impaired, with increased bronchial secretion and bronchocon-
striction leading to further respiratory complications, including 
infections154,186–189.

Renal system. Renal blood flow and glomerular filtration decrease, 
mainly owing to an increase in the vascular resistance of afferent arte-
rioles and high blood viscosity; these changes might be reversible 
after rewarming190. In mild hypothermia, urine volume can initially 
increase, leading to hypovolaemia, haemoconcentration and elec-
trolyte disturbances; this ‘cold diuresis’ reflects central pooling with 
atrial natriuretic peptide release, reduced vasopressin signalling and 
tubular dysfunction170,191. Although there is no strong evidence that 

hypothermia itself damages the kidneys, AH-related acute kidney 
injury is mostly prerenal and compounded by rhabdomyolysis192,193.

Digestive system. The reduction in cardiac output and vasoconstric-
tion caused by hypothermia may impair splanchnic perfusion. This 
translates directly into metabolic, immune, and endocrine activity in 
abdominal organs. The clearance of many drugs (and biomarkers) may 
be altered considerably. Haemodynamic instability during rewarming 
(that is, rewarming shock) may lead to further complications194. Acute 
pancreatitis is most frequent, evidenced by elevated serum amylase 
activity in 50–65% of patients with hypothermia and histologically 
confirmed in 20–30% of necropsies. The pathophysiology may involve 
microcirculatory shock leading to perilobular necrosis and associated 
haemorrhagic changes195, but the causal relationship between hypo-
thermia and pancreatitis remains unclear. Pre-existing alcohol use 
disorder and poor social conditions may contribute to this condition196.

Diagnosis, screening and prevention
Diagnosis
AH diagnosis is based on measurement of Tc <35 °C. The severity of 
hypothermia is staged as mild (Tc 35 °C to 32 °C), moderate (Tc <32 °C 
to 28 °C) or severe (Tc <28 °C)197–199. Definitive diagnosis and staging 
of AH require Tc measurements, but these can be difficult to obtain, 
particularly in the prehospital setting. In these instances, a suspected 
diagnosis must be established based on the patient’s medical history, 
the circumstances of the encounter, or if the patient feels cold to the 
touch. Several systems have been proposed to estimate AH severity 
on the basis of clinical manifestations in the absence of instrumental 
monitoring. The most commonly used systems are the revised Swiss 
staging system and the Wilderness Medical Society system1,197,200,201. 
Both systems are based on clinical signs, and aim to provide an estimate 
of Tc or CA risk (Table 3). They provide only a general estimation, as 
individual physiological responses to hypothermia vary150,197. Direct, 
not estimated, Tc is the preferred severity stratifying parameter in 
prognostic scales and in-hospital care. Also, the clinical presentation 
of hypothermia often overlaps with that of other conditions150; thus, 
clinicians must actively search for hypothermia mimics and coexisting 
pathologies, such as intoxication (alcohol or drugs), sepsis, stroke and 

Fig. 3 | Cellular pathophysiology of hypothermia. a, Mechanisms of basal 
and adaptive thermogenesis. Within the mitochondrion, the electron transport 
chain actively pumps protons across the inner membrane, generating an 
electrochemical gradient. Protons re-enter the matrix through ATP synthase, 
driving the phosphorylation of ADP to ATP. ATP made in the mitochondrial 
matrix is exported in exchange for ADP by the ADP–ATP carrier (AAC) across 
the inner membrane, then passes through voltage-dependent anion channels 
(VDACs) in the outer membrane to reach the cytosol. During cellular metabolism, 
ATP hydrolysis powers cell function, and some of the energy is released as heat. 
Basal thermogenesis also results from non-specific proton leakage through 
the inner mitochondrial membrane, which bypasses ATP synthase, dissipating 
energy as heat. By contrast, adrenergic-mediated non-shivering thermogenesis 
is mediated by uncoupling protein 1 (UCP1), a specialized transporter in 
brown adipose tissue that uncouples the respiratory chain, maximizing heat 
generation. b, Effect of hypothermia on cell function. During hypothermia, 
metabolic rate declines according to the Q10 temperature coefficient, halving 
cellular metabolism with every 10 °C drop. Cooling alters the membrane’s 
physical properties, making the lipid bilayer more rigid. This loss of fluidity 
impairs the action of membrane-associated proteins, resulting in decreased ion 

channel gating, reduced kinetics of transporters and reduced enzyme activity. 
Conversely, cold-shock proteins (CSPs) are overexpressed, acting as RNA-
binding chaperones that stabilize transcripts and sustain selective translation 
while global protein synthesis is suppressed — a protective response which 
may finally be insufficient to avert cell death when ATP is depleted. In parallel, 
progressive hypothermia causes microcirculation impairment, leading to 
hypoxia. Hypoxia and ATP depletion cause failure of ATP-dependent membrane 
transporters. This energetic collapse results in a profound impairment in 
protein synthesis, ionic imbalance and depolarization of the plasma membrane. 
Consequently, a massive calcium release from the endoplasmic reticulum 
causes cytosolic calcium overload. Calcium overload, combined with the 
accumulation of reactive oxygen species (ROS), induces mitochondrial swelling 
and cell membrane rupture. Cell death occurs by both necrosis and apoptosis: 
the energy-dependent apoptotic route predominates when ATP is partially 
preserved, whereas profound ATP depletion forces necrosis. I–V, mitochondrial 
respiratory chain complexes: complex I, NADH dehydrogenase; complex II, 
succinate dehydrogenase; complex III, cytochrome b1 complex; complex IV, 
cytochrome c oxidase; complex V, ATP synthase. Cyt c, cytochrome c; 
Q, coenzyme Q (ubiquinone).
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endocrine emergencies (for example, myxoedema coma or adrenal 
crisis). In particular, bradyarrhythmias and altered mental status should 
not be attributed to cold exposure alone without considering primary 
cardiac or neurological causes.

Temperature measurement. Tc should be measured as close as pos-
sible to vital organs, namely the brain and the heart1. A pulmonary 
artery catheter with a thermistor is the most accurate method for 
directly measuring Tc at steady state during in-hospital monitoring and 
for collecting haemodynamic data202. However, this method is highly 
invasive and generally discouraged in AH owing to the risk of the cath-
eter mechanically inducing ventricular arrhythmia. The most accurate 
nonvascular measurement of Tc is obtained via a temperature probe 
positioned at the lower third of the oesophagus. Although this method 
is accurate, it should be restricted to patients in CA or those whose air-
ways are protected, as it can cause vomiting and aspiration197,198,203. In 
non-intubated patients, if the external auditory canal is not obstructed, 
the epitympanic temperature can be measured using a soft probe with 
a thermistor in contact with the tympanic membrane and an isolat-
ing ear cap designed for field application204–206. Deep nasopharyn-
geal measurement (10–14 cm from the nostrils) is an alternative in 
patients with impaired consciousness and without a secure airway if 
no thermistor-based epitympanic device is available; however, it is not 
a recommended method owing to the risk of nasal mucosal bleeding in 
the setting of hypothermia-related coagulation disturbances207. Periph-
eral temperature measurements, including skin, temporal artery, oral 
and axillary temperatures, or infrared tympanic temperatures, are not 
accurate, as they can be influenced by environmental conditions1,208. 
New methods, such as microwave and zero-heat-flux thermometers, 
are being developed for non-invasive temperature measurement but 

have not yet been validated in patients with hypothermia209. Oesopha-
geal and epitympanic temperatures are the methods of choice for 
monitoring Tc during rewarming. If these methods are not available, 
rectal or bladder temperatures can be used197,210. However, changes in 
the temperature of these sites can be delayed by as much as 1 h com-
pared with changes in Tc. These methods tend to overestimate heart 
temperature during cooling and underestimate heart temperature 
during rewarming1,211.

Laboratory tests. Laboratory tests are not required for AH diagnosis 
but are useful for risk stratification, identifying coexisting medical 
conditions and guiding clinical management. They can have a role 
in the early detection of organ damage during rewarming and in risk 
stratification (for example, with the 5A (age, activities of daily living, 
arrest, acidaemia and albumin) score212,213 and the SOFA (sequential 
organ failure assessment) score)214. Multiparameter arterial blood gas 
(ABG) analysis provides rapid assessment of a patient’s oxygenation, 
ventilation, acid–base balance and metabolic status. This assessment 
can support therapy for concomitant pathologies and is used in HCA 
prognostic models.

However, interpretation of ABG results in AH requires considera-
tion of the specific hypothermia-related physiological changes. 
Because gas solubility increases as the temperature decreases, the 
partial pressures of CO2 and O2 (PaCO2

 and PaO2
) in patients with hypo-

thermia can be reduced215. Cooling also results in reduced dissociation 
of oxygen from haemoglobin, so arterial oxygen saturation (SaO2) can 
seem normal although oxygen unloading from haemoglobin  
is markedly curtailed216. In this context, dissolved oxygen may consti-
tute the main component of tissue oxygen flux217. However, in routine 
clinical practice, ABGs are measured and reported at a standardized 

Box 1 | Clinical spectrum of accidental hypothermia
 

Increasing accidental hypothermia severity is associated with 
escalating signs and symptoms. Initial compensatory responses and 
sympathetic nervous system activation are progressively replaced by 
escalating neurological, cardiovascular, respiratory, metabolic and 
coagulation dysfunction caused by falling core temperature, reduced 
metabolic activity and impaired organ perfusion149,150,154,161,182,191. 
Symptoms may overlap between clinical stages.

Mild hypothermia
	• Behavioural adaptation:

	- Seeking shelter
	- Changing body posture

	• Sympathetic nervous system activation:
	- Thermogenesis through shivering and minor contribution from 

non-shivering mechanisms
	- Cardiopulmonary responses include tachycardia and tachypnoea
	- Circulatory and renal effects include circulation centralization 

and cold-induced diuresis

Moderate-to-severe hypothermia
	• Core temperature decrease, metabolic rate decrease and 
cessation of shivering

	• Nervous system depression:

	- Progressive loss of reflexes, coma, areflexia
	- Dilated, hyporeactive or areactive pupils

	• Cardiopulmonary and renal effects:
	- Progressive bradycardia and myocardial irritability, 

and cardiovascular collapse
	- Hypoventilation
	- Initial cold diuresis
	- Progressive decreased glomerular filtration rate

	• Metabolic and biochemical effects:
	- Acid–base imbalance (magnitude depending on temperature 

correction)
	- Electrolyte imbalance (owing to cold diuresis or sympathetic 

activation)
	- Hypoxia and impaired hepatic metabolism can cause lactic acid 

accumulation (depending on the oxygen delivery to oxygen 
consumption balance)

	- Inhibition of insulin secretion and insulin resistance can cause 
hyperglycaemia

	- Glycogen depletion can cause hypoglycaemia
	• Haematological effects:

	- Coagulation cascade disturbances and platelet 
dysfunction or sequestration can cause coagulopathy
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temperature of 37°C; thus, PaCO2
 and PaO2

 can seem normal or even 
elevated relative to their true values in the patient. Furthermore, the 
measured end-tidal CO2 (EtCO2; concentration of CO2 in exhaled gas 
at the end of expiration) is typically very low (sometimes <10 mmHg) 
because of reduced CO2 production and low pulmonary perfusion; 
when PaCO2

 is reported without correction for the patient’s tempera-
ture, the measured PaCO2

–EtCO2 gradient may appear widened218. 
Hence, ABG results in patients with AH should be interpreted with 
caution. In adults, an alpha-stat strategy is preferred: analyse samples 
at the standardized 37 °C and guide therapy using these temperature-
uncorrected values. This strategy is thought to better preserve cerebral 
autoregulation, maintains stable cerebral blood flow, and reduces the 
risk of microemboli, limiting neurological complications219–221. Simi-
larly, coagulation test interpretation can be difficult, as most tests are 
performed at room temperature and their results, therefore, differ 
from a patient’s coagulation parameters during hypothermia182,222.

In addition, cooling is associated with electrolyte disturbances, 
which are caused mainly by excessive loss via the urine owing to 
reduced kidney reabsorption and acid–base balance disturbances. 
Serum potassium typically decreases owing to intracellular shifting 
rather than urinary loss and, during rewarming, extracellular potassium 
can rebound223. By contrast, severe hyperkalaemia in patients with AH 
can be an indicator of irreversible cell injury224.

Metabolic and organ-specific laboratory markers are also com-
monly altered in AH. Peripheral hypoperfusion and organ failure can 
lead to metabolic acidosis and hyperlactataemia. Severe hypoglycae-
mia is not uncommon at hospital admission but, even in those with HCA, 
does not preclude survival with a favourable neurological outcome225. 
The results of functional tests of most organs, such as serum creatinine 

and urea (kidney), liver enzyme activity (liver) and amylase (pancreas), 
typically correlate with the severity and duration of hypothermia. In 
patients resuscitated after HCA, the serum neuron-specific enolase 
and S100 calcium-binding protein B seem to be positively correlated 
with mortality and poor neurological outcome226.

Inflammation markers, such as C-reactive protein, procalcitonin 
and IL-6, are essential in screening for and monitoring infection. Car-
diac troponins and brain natriuretic peptides help evaluate myocardial 
injury. However, all these biomarkers must be interpreted with caution 
in the context of hypothermia, as validated, hypothermia-specific 
thresholds have not been established.

Prevention
AH prevention focuses on education, awareness and resource avail-
ability. Public awareness campaigns should include information on 
early symptoms, appropriate clothing, staying dry and immediately 
changing out of wet clothes, adequate nutrition and hydration, check-
ing vulnerable members of the community, and equipping rescuers with 
basic protective and warming kits to provide immediate care before 
medical assistance arrives. Public health institutions promote simple 
first aid steps in the form of posters on how to deal with hypothermia 
(moving to a warm shelter, removing wet clothes and warming the 
torso)227.

Governmental AH prevention initiatives include, for example, the 
Alert RCB system in Poland, which sends mobile text message warnings 
to people in an area that is likely to be affected by severe weather; in the 
UK, the Cold-Health Alerting system enables targeted public messaging 
and action cards that provide suggested actions to protect health and 
reduce cold-related harms228,229.

Table 3 | Clinical staging of accidental hypothermia, estimated hypothermic cardiac arrest risk, and management strategies

Clinical staging based on Tc measurement Mild hypothermia Moderate hypothermia Severe hypothermia

35 °C to 32 °C <32 °C to 28 °C <28 °C

HCA risk estimate Low Moderate High Cardiac arrest

RSSa Stage 1
Alertb

Stage 2
Verbalb

Stage 3
Responds to pain or unconscious 
and vital signs presentb

Stage 4
Unconscious and no 
vital signs detectableb

WMS systema Mild
Conscious, shivering

Moderate
Impaired consciousness, 
shivering

Severe
Unconscious, vital signs present

HCA

Warm high-calorie drinks and/or food, only if 
alert and able to swallow

+ − − −

Warm intravenous fluids (40–42 °C) + + + +

Passive external warming (insulation, vapour 
barrier and dry clothes)

+ + + +

Active external warming (forced air, heating 
pads and warm water pads)

+ + + +

Heated humidified oxygen + + + +

Kidney support therapy − + + +c

Extracorporeal life support (ECMO or CPB) − − +c +

Lavage (thoracic and/or abdominal) − − +c +c

Recommendations from refs. 197,198,201,254. +, generally recommended or indicated; −, generally not recommended or not indicated. CPB, cardiopulmonary bypass; ECMO, extracorporeal 
membrane oxygenation; HCA, hypothermic cardiac arrest; Tc, core temperature; RSS, revised Swiss staging system; WMS, Wilderness Medical Society. aWMS and RSS do not define stages 
by temperature; Tc ranges are approximate and may overlap between clinical stages. bAccording to AVPU assessment (A, alert; V, responds to voice; P, responds to pain; U, unconscious). 
cCan be considered.
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Community-based hypothermia prevention includes these gov-
ernmental and other cold weather alerts, opening emergency warming 
shelters for vulnerable populations, and disseminating information 
and education on prevention strategies. Targeted outreach is also a 
key component of effective prevention. Targeted outreach initiatives 
include, for example, street outreach programmes for people experi-
encing homelessness to train community members to recognize and 
respond to signs of hypothermia and to establish early warning systems 
and support networks. For example, New York City’s Code Blue is legally 
activated when temperatures drop to 0 °C, mandating that shelters 
must prepare to accept more individuals230. In addition, educating 
community members and vulnerable families on thermoprotective 
practices helps them implement strategies to keep themselves and 
their relatives warm. Specifically, the WHO recommends a minimum 
indoor temperature of 18 °C to prevent respiratory and cardiovascular 
complications231.

Finally, care programmes for people of advanced age who live 
alone should be implemented worldwide, such as the Community- 
Based Integrated Care System in Japan, which includes regular welfare 
checks and material support4,232,233. Ideally, nationwide hypothermia 
registries that can serve as databases of information for conducting 
epidemiological studies and developing treatment protocols should 
be created28,234.

Management
The management of AH requires a structured approach that encom-
passes prehospital and hospital care. The therapeutic goal is to prevent 
further cooling, stabilize vital functions, and achieve rewarming while 
minimizing complications.

Initial (prehospital) assessment
The first steps when encountering an individual suspected to have 
AH are to ensure scene safety and to call for appropriate help197. The 
context of cold exposure (for example, trauma, avalanche burial, 
immersion or drowning), as well as medical conditions, such as hypo-
glycaemia or alcohol and/or drug intoxication, that can mimic hypo-
thermia, provide important clinical clues. Accurate measurement of Tc 
is essential for diagnosis and staging. If the type and duration of cold 
exposure are not congruent with the clinical picture or Tc, an alternative 
diagnosis should be considered150,197. The management of AH differs 
considerably depending on the risk of CA. European resuscitation 
guidelines emphasize specific thresholds (such as heart rate <45 bpm, 
systolic blood pressure <90 mmHg and ventricular arrhythmias) as 
high-risk criteria for CA in individuals with hypothermia (Tc <30 °C 
in young people and Tc <32 °C in older people). US guidelines also 
identify these risks but do not define strict values198,235. Meanwhile, 
the Wilderness Medical Society, a community of medical profession-
als devoted to facilitating high-quality care in the outdoors, focuses 
more on the level of consciousness and shivering rather than on cir-
culatory status as a practical field approach197. CA can be difficult 
to diagnose, as vital signs may be minimal in individuals with severe 
hypothermia without CA. Signs of life (breathing and pulse) should, 
therefore, be searched for for up to 1 min before CA is diagnosed155,197,198. 
Electrocardiography, EtCO2 and ultrasonography may also help in  
detecting CA198,236,237.

Prehospital and early hospital management
In general, prehospital care comprises scene assessment, insulation and 
basic airway, breathing and circulation support, whereas advanced 

management, invasive rewarming and ECLS are hospital-based 
interventions.

Patients not in cardiac arrest. The priority for care in the prehospital 
setting is to maintain Tc by preventing further heat loss and using 
insulation and vapour barriers until the patient has reached a warm 
environment. The management of AH is based on standard emergency 
medicine principles, starting with a scene assessment and a primary 
survey of the patient. Based on the severity of symptoms and the stage 
of hypothermia, appropriate rewarming methods and further man-
agement (including the choice of transport) should be determined. 
The receiving facility should be chosen on the basis of AH severity 
and associated conditions, such as trauma or comorbidities. Current 
guidelines strongly recommend transporting patients with a high risk 
of HCA to an ECLS facility198.

The choice of rewarming techniques in the field or during trans-
portation depends on the situation and resources available. The timing 
and intensity of rewarming should consider the risk of afterdrop, as it 
may lower Tc by 5–6 °C, and, therefore, lead to circulatory instability, 
especially in those with moderate-to-severe hypothermia and with a 
low rewarming rate; however, the risk of afterdrop should not preclude 
active rewarming in the field167,197,238.

In addition to thermal insulation and rewarming, stabilization of 
vital organ functions is a priority. Supplemental oxygen should be 
administered to prevent hypoxia217,239. The safe lower limit of PaO2

 is not 
established, and pulse oximetry measuring peripheral oxygen satura-
tion (SpO2) is often unreliable owing to impaired peripheral perfusion. 
In severe hypothermia, plasma-dissolved oxygen provides a greater 
portion of available oxygen delivery than haemoglobin-bound oxygen, 
as cooling increases haemoglobin oxygen affinity, reducing release in 
tissues217,240; however, metabolic oxygen demand (oxygen consump-
tion, VO2) is reduced. The impaired release of haemoglobin-bound 
oxygen is, therefore, largely offset by the lower metabolic demand, so 
tissue oxygen supply is usually preserved. Nonetheless, excessive oxy-
gen administration should be avoided, as hyperoxia (PaO2

 ≥ 300 mmHg) 
is associated with increased mortality241.

Intubation is indicated in individuals in coma or respiratory failure, 
despite the potential risk of triggering ventricular fibrillation197,236,242. 
Airway management can be challenging owing to jaw rigidity or trismus 
in those with severe hypothermia197,243. Anaesthetics and neuromuscu-
lar blocking agents may be needed to enable intubation and to provide 
sedation; however, their actions can be difficult to predict in hypother-
mia. At a Tc of 34 °C, the plasma concentration of propofol is 28% higher 
than in normothermia; hence, its induction dose should be reduced 
and carefully titrated to avoid excessive sedation and cardiovascular 
depression244. The duration of action of atracurium increases by ~60% 
at 34 °C (ref. 244). Similarly, hypothermic cardiopulmonary bypass 
has been shown to prolong the effect of rocuronium244,245. Ventilation 
strategies should follow current standards and take into account other 
diseases. Adjustments should ideally be guided by Tc uncorrected ABG 
analysis rather than end-tidal carbon dioxide198,246.

Rewarming is often accompanied by vasodilation. In addition, 
cold-induced diuresis exacerbates intravascular depletion3,199,247,248. 
Intravenous volume replacement should be performed with crystal-
loids prewarmed to 38–42 °C. The use of heated infusion systems 
is recommended to prevent cooling during administration199,249,250.

Hypotension and bradycardia are common but usually reflect 
hypothermic physiology rather than instability and may be com-
patible with adequate tissue perfusion, usually not requiring 
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treatment236,248,251–253. Arrhythmias are frequent in individuals with AH, 
and the risk of HCA increases substantially when Tc falls below ~30 °C 
because the heart becomes particularly susceptible to arrest triggered 
by different stimuli167,254. As the pharmacodynamics and clearance of 
vasoactive drugs may be considerably altered in severe hypothermia, 
the administration of single doses and continuous infusions of these 
agents requires caution and careful titration255.

The occurrence of CA in patients with severe hypothermia is 
associated mainly with rough movements during evacuation, trans-
portation and clothing removal. Invasive medical interventions such 
as internal jugular vein catheterization or airway management and 
intubation can also trigger cardiac arrhythmias owing to mechanical 
and/or sympathetic stimulation; thus, patients should be handled gen-
tly, and only essential and justified procedures should be performed167. 
Horizontal patient positioning is recommended, especially during 
rescue from water or a glacier crevasse197,199. Some European data show 
more favourable outcomes in individuals with witnessed CA (rescue 
collapse) than in those with unwitnessed arrest, but matched-pairs 
analyses indicate that the risk of death in individuals with witnessed 
CA is still double that in individuals who maintain circulation without 
CA until hospital arrival173,251. Occurrence of rescue collapse should 
activate standard hypothermic cardiopulmonary resuscitation (CPR) 
algorithms.

The 5A and SOFA scoring systems help identify individuals with AH 
at high risk of death and guide their further treatment. The 5A score 
predicts in-hospital mortality212,213. The model was externally validated 
and demonstrated moderate discrimination and good overall calibra-
tion. The SOFA score has also demonstrated a good ability to predict 
mortality, performing better than single markers, such as serum lactate 
or potassium214. This supports the argument that single predictive 
cut-off values should not be accepted uncritically, as a patient’s risk 
profile is always unique and multifactorial.

Patients in cardiac arrest. CPR should not be initiated in the presence 
of fatal injuries incompatible with life (such as decapitation, open head 
injury with loss of brain matter or torso transection) or when the chest 
is too stiff to provide CPR197,198. In avalanche victims, resuscitation 
should not be attempted in an individuals with an obstructed airway in 
asystole who have been buried for >60 min (ref. 256). When indicated, 
chest compressions should be delivered at standard rates, identical 
to those in normothermic CA. Mechanical CPR should be used if avail-
able, particularly in prolonged resuscitation or in difficult terrain197,198. 
Ultrasonography might help to confirm effective chest compressions 
in hypothermic patients in CA with a stiff chest237. If continuous CPR is 
unsafe or not feasible (for example, owing to technical, environmental 
or weather conditions), intermittent CPR can be used: cycles of 5 min of 
CPR alternating with ≤5 min without CPR if Tc is <28 °C or is unknown, 
or ≤10 min if Tc is <20 °C (ref. 257). Defibrillation might still be effec-
tive if Tc is <30 °C (refs. 258,259). For shockable rhythms (ventricular 
fibrillation or pulseless ventricular tachycardia), one to three shocks 
should be delivered if Tc is <30 °C, but if unsuccessful, defibrillation 
should be postponed until Tc is >30 °C (refs. 197,198).

Drug administration is not typically recommended when Tc is 
<30 °C and the patient is in CA because of impaired metabolism and 
the risk of toxic effects; however, according to expert consensus, a 
single dose of 1 mg of adrenaline may be administered if Tc is <30 °C in 
an attempt to achieve return of spontaneous circulation, unless ECLS 
has been initiated197,198. Also, further administration intervals for 
adrenaline, amiodarone or lidocaine should be doubled if Tc is 

30–35 °C (ref. 198). Experts recommend ventilation parameters that 
are used in patients in normothermia, guided by the alpha-stat ABG 
interpretation approach197. EtCO2 should not be used to guide resuscita-
tion, modify ventilator settings or predict outcomes, as hypothermia 
is associated with an increased PaCO2

–EtCO2 gradient246.
Patients in HCA should be transported to an ECLS-capable hospital 

whenever possible. When ECLS is not available within 6 h, selected inter-
nal rewarming methods can be considered as a bridge. The choice of 
rewarming method depends on the centre’s experience and resources, 
but often combines different methods, particularly active external 
and active internal methods. Extracorporeal methods, preferably 
veno-arterial extracorporeal membrane oxygenation (VA-ECMO), 
remain the best option254.

Rewarming techniques
Multiple rewarming techniques exist, and are often combined in prac-
tice. The choice of treatment depends on the severity of hypothermia, 
the patient’s clinical condition, the efficiency of the patient’s ther-
moregulatory mechanisms and resource availability. Extracorporeal 
rewarming is preferred in patients with HCA but can be considered indi-
vidually in those who are haemodynamically unstable248,260. The optimal 
rewarming rate for AH is not fully known. Current limited evidence 
suggests that rewarming should be >0.5 °C/h to reduce mortality, 
but it should not exceed 5 °C/h during ECMO to minimize the risk of 
brain injury261,262. In a meta-analysis of case reports and case series,  
a reduced relative risk of death was found in adults who were rewarmed 
with ECMO at a rate of 1.5–4 °C/h (ref. 263).

Passive external rewarming. Passive rewarming relies on the patient’s 
intrinsic heat production without an exogenous heat supply while mini-
mizing further heat loss. The mean rewarming rates associated with 
passive external rewarming are modest (0.5–4 °C/h) and are sufficient 
for mild hypothermia only in otherwise healthy individuals and in those 
with preserved endogenous thermogenesis capacity3,197,264,265. Insulation 
from cold, wet and wind, as well as from the ground, is essential. Heat 
loss from the head should be minimized (by covering with, for example, 
a hat)197. The patient should be moved to a warm setting as soon as pos-
sible. The temperature of the ambulance or air rescue vehicle should be 
set to ≥24 °C (refs. 197,266,267). Because wet clothing greatly increases  
conductive and evaporative heat loss, it should be removed; cutting it 
off minimizes patient movement. However, in harsh conditions, this is 
only recommended if the patient is sheltered, dry insulation is available, 
or transport is expected to take >30 min (refs. 197,268–270).

Heat loss can also be reduced by adding a vapour barrier269,271. 
Insulation options include sleeping bags, clothing, wool or cotton 
blankets and tents197,272. Ultrathin foil blankets can be used, but their 
effectiveness may be limited by strong wind273. A combination of a 
vapour barrier with another insulating layer is more efficient than a 
single blanket or bubble wrap274. This so-called burrito wrap method 
entails placing an insulated ground pad, and wrapping or placing the 
individual in a vapour barrier (for example, plastic sheets) and insulat-
ing material (for example, sleeping bags, blankets or spare clothing)197. 
Placement of one vapour barrier directly on the patient and a second 
vapour barrier to cover the insulating materials protects the insulation 
from becoming wet owing to an individual’s possibly wet clothing and 
wet weather conditions.

Active external rewarming. Active external rewarming (AER) supplies 
exogenous heat to the body surface, preferably to the torso and axilla 
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(underarm) rather than to the extremities, in conjunction with insula-
tion and a vapour barrier. AER is required in those with moderate or 
severe hypothermia, when passive rewarming has failed, or in the pres-
ence of risk factors predisposing the patient to hypothermia266. AER is 
considered safe in hospitals and in prehospital settings, as evidence 
for AER-related harm remains limited266,275. Options include electric 
or chemical heat pads, electrical blankets, heated air systems, warm 
bottles, charcoal-burning devices and infrared radiators197,272. Forced 
heated air is an effective and broadly available AER technique that can 
also be used in the prehospital setting272,276. The mean forced air rewarm-
ing rate for patients without HCA is 1–2.4 °C/h (refs. 264,265,277). 
Advanced in-hospital systems that utilize hydrogel pads attached to 
the skin and are supplied with warm water circulation provide stable 
and precise rewarming of 1–3 °C/h in patients not in CA278,279. Caution 
should be taken when using external heat sources, as there is potential 
for burn injury.

Internal active rewarming. Internal active rewarming is the delivery of 
heat into the body. In a patient able to swallow without the risk of aspi-
ration, warm liquids with carbohydrates can be given. Heated oxygen 
administration through a heat exchanger or high-flow nasal cannula 
should not be used alone but can be used as an adjunct to other meth-
ods, providing a rewarming rate of 0.2–1.2 °C/h (refs. 197,280–282).  
Active internal rewarming with humidified, warm air in intu-
bated patients is also possible, with a reported rewarming rate of 
1.2 °C/h (ref. 32). Warmed intravenous fluids are mostly used for fluid 
resuscitation rather than as a rewarming method. The volume of fluid 
required to rewarm a patient is excessive in relation to needs, and intra-
venous fluids, therefore, do not contribute efficiently to rewarming 
but rather reduce further heat loss283.

Kidney replacement therapy (haemodialysis or haemofiltration 
circuits) can achieve rewarming rates of ~1.9 °C/h (ref. 284). In the 
experimental single thermal compartment model, the rewarming rate 
was increased to 3.6–5.4 °C/h by adding an additional in-line heater 
and increasing the blood flow in the haemodiafiltration circuit285. 
Intravascular catheter rewarming is suitable in the hospital setting, with 
reported rewarming rates of 0.74–2.2 °C/h in patients not in CA286–288. 
Body cavity lavage can also be used but has the risk of serious complica-
tions, including iatrogenic organ injury, haemorrhage and infection. 
The reported rewarming rates are ~2–4 °C/h for peritoneal lavage and 
~0.5–3 °C/h for thoracic lavage3,236,289. Thoracic lavage is an option for 
patients with HCA when ECLS is not available, enabling direct rewarm-
ing of the heart and internal cardiac massage290–293. Gastric, colonic and 
bladder lavage are not recommended because of the use of small heat 
exchange surfaces and the high risk of severe complications, including 
perforation3,236.

Extracorporeal organ support and rewarming. ECLS refers to the 
use of mechanical devices, such as VA-ECMO or cardiopulmonary 
bypass, to support heart and lung function and, in those with hypo-
thermia, provide rewarming. The preferred emergency cannulation 
strategy is peripheral femorofemoral VA-ECMO with an additional 
small-diameter distal perfusion cannula to the cannulated limb to 
prevent ischaemia. Cannulation may be technically difficult in cold 
patients with vasoconstriction and ultrasonography-guided access 
is recommended. When peripheral access is not feasible (for exam-
ple, in very small children or critically small vessels), surgical access 
(including alternative sites such as neck or subclavian vessels) may be  
an option254.

ECLS improves perfusion and oxygen delivery, preventing low-flow 
organ damage294. ECLS rewarming enables the highest rewarming rates 
of all rewarming methods (up to 10 °C/h); however, the best neurologi-
cal outcomes are achieved when the rate is ≤5 °C/h (ref. 261). VA-ECMO 
is the treatment of choice for patients in HCA selected for rewarming 
and can provide long-term circulatory support134,194.

ECLS eligibility criteria. ECLS rewarming is the treatment of choice 
for HCA254. ECLS can also be considered in patients with overt haemo-
dynamic instability (persisting severe bradycardia, hypotonia and ven-
tricular arrhythmias) and unresponsiveness to less invasive rewarming 
methods235,254. However, the benefit in patients who retain spontaneous 
circulation is uncertain. Some studies have suggested higher survival 
with ECLS than with less invasive methods260. By contrast, multicentre 
studies from Japan failed to demonstrate ECLS survival benefit over 
conventional rewarming in patients with haemodynamic instability but 
preserved circulation295,296. However, the populations in both studies 
differed mainly in terms of age and indoor versus outdoor occurrence 
of hypothermia.

In HCA, appropriate patient selection for ECLS is essential to avoid 
the use of costly, availability-limited therapy when a favourable neu-
rological outcome is unlikely to be achieved297 (Box 2). Standard ECLS 
eligibility criteria in patients with normothermic CA are not applicable 
in those with HCA298. Evidence suggests that patients with hypothermia 
can recover with good neurological outcomes even after prolonged 
low-flow times, and those with initial rhythm of asystole, unwitnessed 
CA, advanced age, EtCO2 <10 mmHg, wide and non-reactive pupils and 
severe hypoglycaemia167,168,225,246,298–302. Historically, eligibility for ECLS 
was determined using a binary potassium concentration threshold 
as an indicator of cell death303. Currently, multiple criteria are used to 
support qualifications, such as the Hypothermia Outcome Prediction 
after ECLS (HOPE), the International Accidental Hypothermia ECLS (ICE) 
and the Hemoglobin, Exposure, Lactate Potassium (HELP) scores304–307. 
The ICE score estimates the probability of survival of patients with AH 
requiring ECLS from sex, asphyxia status and serum potassium concen-
tration, whereas the HELP score predicts survival after extracorporeal 
rewarming in those with non-asphyxia-related HCA using indoor versus 
outdoor occurrence, haemoglobin, potassium and lactate. At hospital 
admission, the potassium concentration should preferably be measured 
from arterial blood or a central venous sample rather than a peripheral 
vein, as peripheral samples often yield falsely elevated values308.

The HOPE score is currently the only tool that has undergone 
robust external validation305, and further studies support its good per-
formance and clinical utility309–313. The European Resuscitation Council 
and the Extracorporeal Life Support Organization recommend using 
the HOPE score to support the decision to indicate ECLS rewarming in 
patients with HCA, including avalanche victims198,254,256,314. The score 
is derived from retrospective analysis of 237 cases from the literature 
and 49 from hospital data and includes 6 parameters: age, sex, Tc at 
hospital admission, serum potassium concentration at hospital admis-
sion, presence of asphyxia and duration of CPR (time from initiation of 
external CPR until start of ECLS)304. The score provides a probability of 
survival at hospital discharge in patients with HCA if treated by ECLS. 
An estimated probability of survival of ≥10% was adopted as a criterion 
for ECLS198. The HOPE derivation and validation study also included 
children, and further studies have supported the good performance 
of the HOPE score in this population315,316. However, regardless of the 
clinical situation, especially in children, a HOPE score of <10% should 
not be the sole exclusion factor for ECLS316,317.
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ECLS exclusion criteria. No absolute contraindications to the use 
of ECLS in hypothermia exist, except injuries that are incompatible 
with survival254. Unlike criteria for ECLS eligibility in those with nor-
mothermic refractory CA, advanced age, unwitnessed CA, asystole, 
prolonged period of low or no flow, low EtCO2, hypoxaemia and hypo-
glycaemia should not be considered absolute contraindications for 
ECMO implantation225,240,254,298; notably, survival with good neurological 
outcome has been reported even when normothermic exclusion criteria 
are present298. With modern biocompatible ECMO circuits and in the 
presence of AH-related coagulopathy, short duration support without 
systemic anticoagulation is possible; thus, ECLS is not contraindicated in 
the presence of concomitant trauma or haemorrhage318–320. In addition to 
the HOPE assessment of survival probabilities, the decision-making 
process should be individualized, considering the patient’s baseline 
functional status, comorbidities and life expectancy. A Tc of >30 °C in 
a patient in CA suggests that hypothermia alone is unlikely to be the 
cause of CA, and differential diagnoses should be considered167 (Fig. 4).

Quality of life
The prognosis for AH is variable, with outcomes influenced by fac-
tors such as the severity of hypothermia, circumstances of cooling 
(outdoor or indoor), haemodynamic status, age, underlying medical 
conditions (including trauma), mode and site of rewarming, and the 
presence of CA36,52,321,322. HCA is associated with considerably higher 
rates of survival and favourable neurological outcomes than is normo-
thermic CA323. In a study in 286 patients with HCA who received ECLS, 
the overall survival rate was 37%, with 85% of patients having a good 
neurological outcome304. Patients with HCA and a Tc of <28 °C can 
survive without neurological deficits even after 5–8 h of resuscitation 
and with unwitnessed CA168,176,324,325. The prognosis for individuals with 
asphyxia preceding a temperature drop, such as victims of drowning or 
avalanche burial, is worse than that for individuals who become hypo-
thermic without asphyxia (12–16% versus 58–61%)304,306. Furthermore, 
otherwise healthy patients with HCA who become hypothermic when 
exposed to cold environments owing to accidents in winter sports 

or as a consequence of alcohol abuse are more likely to survive than 
older people with multiple morbidities who develop hypothermia in 
their home307.

Unlike a chronic illness, which inherently requires ongoing medi-
cal supervision, AH is an acute medical event. After recovery from the 
episode, patients are typically not enrolled in systematic, long-term 
monitoring including quality of life assessment. However, the long-
term complications such as posttraumatic stress disorder, neuro-
cognitive disorders, varying degrees of disability, pancreatitis and 
pressure ulcers can severely affect daily functioning, social life and 
return to work52,260,326. The neurological deficits initially observed in 
HCA survivors might resolve after 6–7 years327. For example, a 2-year-old  
boy with HCA with a Tc of 11.8 °C who underwent 2 h of CPR had no 
mental impairment, and peripheral paraesthesia resolved 5 years after 
the incident12. Cognitive impairment and peripheral polyneuropathy 
might persist after 6 months in patients drowned in ice-cold water328.

Outlook
For the hypothermic chain of survival to be effective, medical profes-
sionals and the parties involved must agree in advance on a flexible 
pathway from the scene of the event to the definitive treatment centre. 
Prioritization and early selection of treatment centres should be pur-
sued, similar to those in developed systems for treating major trauma or 
acute coronary syndrome. Each local system should develop clear local 
protocols to ensure efficient mobilization of established treatment 
methods and maximize the likelihood of a successful outcome; the 
involvement of ECLS-capable centres; maps of technological resource 
availability (for example, mechanical chest compression devices, spe-
cial transport vehicles and ECMO); comprehensive communication, 
coordination, technical support and decision-making systems; and 
identification of dedicated, specifically trained people to coordinate 
and supervise the system’s activities, at least during the initial stage  
of system development329–331.

Current resuscitation guidelines support the implementation of 
specialized ECLS networks minimizing low- and no-flow time198,235,254. 

Box 2 | Chain of survival for patients suspected of having hypothermic cardiac arrest
 

Prevention
	• Minimize exposure to cold in risk environments.

Prehospital recognition
	• Suspect hypothermia in relevant contexts:

	- Prolonged cold exposure
	- Prolonged immersion
	- Avalanche with burial for >60 min

	• Clarify context:
	- Cause of hypothermia; type of cold stress?
	- Additional hypoxia?

Confirmation
	• Measure core temperature (Tc) at the distal third of the 
oesophagus to confirm hypothermia (when possible).

	• If Tc is <30 °C, cardiac arrest may be secondary to accidental 
hypothermia.

Immediate transfer
	• Initiate continuous cardiopulmonary resuscitation (CPR).
	• Intermittent CPR might be an option.
	• Transfer to a hospital with extracorporeal life support (ECLS) 
capabilities.

	• Transfer to a non-ECLS hospital when an ECLS centre is 
unavailable or at excessive distance (>6 h).

Advanced hospital management
	• Maintain CPR.
	• Confirm Tc.
	• Obtain blood sample to determine critical parameters.
	• Assess trauma and comorbidities.
	• Confirm indication for ECLS using a prognostic tool (the Hypothermia 
Outcome Prediction after ECLS (HOPE) score is recommended).

	• Consider initiation of ECLS rewarming.

Recommendations based on refs. 198,235,254.
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In Poland, the Severe Accidental Hypothermia Center in Krakow 
founded in 2013, provides a 24/7 hypothermia coordinator and a 
regional notification and transport network linking >115 ambulance 
crews, Polish Medical Air Rescue, Mountain Rescue Services and 
28 emergency departments to provide coordinated care for hypother-
mic patients332. In France, the SAMU (Service d’Aide Médicale Urgente) 
of Paris has integrated prehospital extracorporeal CPR into its mobile 
intensive care unit system to establish ECMO flow within 60 min of 
CA333. Similarly, the ongoing Sub30 study in the UK is evaluating the 
feasibility of initiating prehospital extracorporeal CPR within 30 min in 
Greater London334. In Netherlands, the On-Scene trial equips helicopter 
emergency medical services teams with ECMO to initiate extracorpor-
eal CPR at the scene335. Specialized intensive care is another crucial 
element of survival. Evidence supports this approach: in the J-Point 
registry, hospitalization in a critical care medical centre was associ-
ated with lower in-hospital mortality than in non-specialized hospitals, 
particularly in hypothermic patients with circulatory instability336.

Future improvements in the hypothermic chain of survival may 
also depend on adequate Tc assessment at the prehospital stage. New 
methods of temperature monitoring are moving towards continuous, 
non-invasive (and often wireless) estimation of Tc. This approach may 

improve medical triage in the field, accelerate the initiation of defini-
tive rewarming pathways and provide better insight into rewarming 
conscious patients337,338.

The extent of the gene expression response to hypothermia and 
rewarming in people has been poorly researched339. Studies in ani-
mals have shown that different organs have different gene expression 
responses for hypothermia–rewarming, supporting personalized 
approaches in AH treatment and care after reuscitation340,341. Studies 
in humans undergoing cardiac surgery have shown that cold-shock 
pathways are measurable in vivo. In a prospective study, RBM3 protein 
was detectable during cardiopulmonary bypass in blood and increased 
considerably after surgery under mild hypothermia342. In a study in 
paediatric patients undergoing cardiac surgery, CIRBP concentration 
rose postoperatively in parallel with inflammatory and endothelial 
glycocalyx injury343. Further studies on the molecular mediators of cold 
adaptation and genetics are needed to understand the molecular basis 
of these processes, identify organs at risk and develop patient-specific 
therapy344. Finally, standard resuscitation may evolve into personalized 
pharmacological and non-pharmacological treatments improving 
cardiovascular stability. For example, in hypothermic animal models, 
levosimendan, a myofilament calcium sensitizer, improved cardiac 

• Airway protection, O2 therapy
• Intubate if needed

Patient with AH without CA Patient with AH and CA

• Immediate CPR, continuous or intermittent
• Mechanical CPR if available

• Warmed intravenous fluids if needed
• Avoid unnecessary interventions
• Careful handling and continuous monitoring

• Defibrillation if indicated  (maximum 3 shocks if Tc <30°C)
• No drugs if Tc <30°C

Passive rewarming if appropriate
OR
Active rewarming if
• moderate to severe hypothermia
• failure of passive rewarming

Transfer to ECLS facility if
• Tc <30 °C and
 - SBP <90 mmHg
 - heart rate <45 per min
 - ventricular arrhythmias
• rescue collapse

Tc <30 °C  (or strong suspicion of hypothermic CA 
if Tc not available)

Estimate ECLS rewarming survival with HOPE score*
• ≥10%: consider ECLS rewarming
• <10%: consider standard CPR

Consider AH as the main cause of CA

Transfer to ECLS centre

Consider other causes of CA
(concomitant hypothermia)

Transfer to nearest emergency department

• Diagnose other causes of CA
• Individualized, consensus-based management

Consider active invasive rewarming if ECLS is not available or not indicated

Suspicion of hypothermia

Measure Tc to confirm AH (oesophageal probe if possible)

Prevent further heat loss

Tc ≥30 °C

Fig. 4 | Proposed management algorithm for suspected accidental 
hypothermia. The initial assessment of an individual with suspected accidental 
hypothermia (AH) includes confirmation of core temperature (Tc) as <35 °C and 
prevention of further heat loss. Further management depends on the presence of 
cardiac arrest (CA). Patients without CA require supportive care and appropriate 
rewarming. Those with CA require immediate cardiopulmonary resuscitation 
(CPR). Defibrillation and drug administration should be limited according to 

Tc. If Tc is <30 °C or hypothermic CA is likely, extracorporeal life support (ECLS) 
rewarming should be considered. If Tc is ≥30 °C, hypothermia is unlikely to be the 
primary cause of CA, and other causes should be considered. *Regardless of the 
clinical situation, especially in children, a Hypothermia Outcome Prediction after 
ECLS (HOPE) score of <10% should not be the sole factor to exclude ECLS. SBP, 
systolic blood pressure.
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output and brain blood flow during rewarming, and the phosphodi-
esterase 3 inhibitor milrinone maintained its molecular potency even 
at 20 °C (refs. 345,346).

Published online: xx xx xxxx
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