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Abstract

Introduction: Accidental hypothermia or unintentional lowering of core temperature
below 35°C is a critical, multi-organ emergency affecting diverse populations year-
round. It arises from trauma, old age, homelessness, environmental exposure, or
immersion in cold water.

Objective: This review summarizes current evidence on classifying hypothermia by
temperature, its pathophysiology, diagnostic features, and tailored management. The
aim is to provide emergency clinicians a clear approach for recognizing, triaging, and
treating hypothermic patients.

Methods: A narrative review was conducted, sourcing data from peer-reviewed articles,
surveys, observational studies, and guidelines via PubMed, covering definitions,
physiology, epidemiology, and treatment.

Results: Hypothermia is classified as mild (32-35°C), moderate (28-32°C), or severe
(<28°C).Severe hypothermia leads to reduced brain blood flow, lower cardiac output and
pressure, and a higher risk of dangerous arrhythmias. Electrolyte imbalances especially
hyperkalemia along with acidosis and coagulopathy are linked to worse outcomes.
Treatment ranges from passive rewarming in mild cases to active internal methods
and extracorporeal Life Support, Extracorporeal Membrane Oxygenation (ECLS/
ECMO) in severe cases. In specialized centres, ECLS has led to nearly 100% survival for
select patients with hypothermic cardiac arrest.

Conclusions: Effective management relies on accurate staging, preventing further heat
loss, focused diagnostics and timely active or extracorporeal rewarming for unstable
patients. Clear protocols and ECLS referral criteria enhance outcomes. Future research
should focus on comparing rewarming techniques, developing standardized triage
approaches, and evaluating system-wide strategies.

Keywords: body temperature; cardiac arrest; emergency medicine; hypothermia;
rewarming.

Sazetak

Uvod: Slucajno podhladivanje (hipotermija) ili nehoti¢no snizavanje tjelesne temperature
ispod 35°C predstavlja hitno stanje koje zahvaca viSe organskih sustava i moze pogoditi
razli¢ite skupine ljudi tijekom cijele godine. Nastaje uslijed traume, starije Zivotne dobi,
besku¢nistva, izlozenosti okoli$nim uvjetima ili uranjanja u hladnu vodu
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Cilj: Ovaj pregledni rad sazima postoje¢e dokaze o klasifikaciji pothladenosti prema
temperaturi, njezinoj patofiziologiji, dijagnostickim obiljezjima i prilagodenom
lijecenju. Cilj je pruziti lije¢nicima hitne medicine jasan pristup za prepoznavanje,
trijaziranje i lijecenje bolesnika s hipotermijom.

Metode: Proveden je pregled literature, koriste¢i podatke iz recenziranih ¢lanaka,
anketa, opservacijskih studija i smjernica putem PubMed-a, obuhvacajuéi definicije,
fiziologiju, epidemiologiju i lijecenje.

Rezultati: Podhladenost se klasificira kaoblaga (32-35°C),umjerena (28-32°C),ili teska
(<28°C). Teska hipotermija dovodi do smanjenog protoka krvi kroz mozak, snizenog
sr¢anog minutnog volumena i tlaka te poviSenog rizika nastanka aritmija. Elektrolitni
disbalansi osobito hiperkalemija zajedno s acidozom i koagulopatijom povezani su
s lo$ijim ishodima. Lije¢enje se sastoji od pasivnog zagrijavanja u blagim slucajevima
do aktivnih metoda unutarnjeg zagrijavanja i izvantjelesne potpore/izvantjelesne
membranske oksigenacije (engl. Extracorporeal Life Support/Extracorporeal Membrane
Oxygenation, ECLS/ECMO) kod teskih slucajeva. U specijaliziranim centrima, ECLS je
doveo prezivljenje probranih bolesnika s hipotermnim sréanim arestom do blizu 100%.

Zakljuéci: Ucinkovito zbrinjavanje podhladivanja oslanja se na to¢no odredivanje
stupnja podhladivanja, sprje¢avanje daljnjeg gubitka topline, ciljanu dijagnostiku i
pravovremeno aktivno ili izvantjelesno ponovno zagrijavanje kod nestabilnih bolesnika.
Jasni protokoli i kriteriji za upucivanje bolesnika na ECLS pobolj$avaju ishode. Buduca
istrazivanja trebala bi se usmjeriti na usporedbu metoda ponovnog zagrijavanja, razvoj
standardiziranih trijaznih pristupa te evaluaciju strategija na razini sustava.

Published under the Creative Commons
Attribution 4.0 International License

Klju¢ne rijeci: hipotermija; hitna medicina; srcani zastoj; tjelesna temperatura;

zagrijavanje https://creativecommons.org/licenses/by/4.0

Introduction

Cold-induced collapse and successful resuscitation have
long been reported, leading to hypothermia’s recognition

Rates of accidental hypothermia and related deaths vary:
Europe reports 2-5 deaths per 100,000, while around 1,300
annual deaths were recorded in the U.S. from 1999-2011.

as a unique scenario in advanced life support guidelines by
the late 20th century (1). Key statements established that
even seemingly lifeless hypothermic patients may survive
with persistent resuscitation and controlled rewarming—
principles now standard in modern protocols (1,2). Research
in the 1980s and 1990s further detailed the physiological
progression of hypothermia and shaped current rewarming
and extracorporeal referral recommendations (1,3).
Accidental hypothermia is defined as an unintentional drop
in core temperature below 35°C. It is categorised into three
stages (Table 1), each indicating increasing physiological
compromise. These categories are used in clinical protocols
and guidelines to guide rewarming and adapt resuscitation
approaches, corresponding to specific physiological changes
in emergency care (1,2).

Table 1. Clinical classification based on core temperature

Severity Level Core Temperature Range
Mild Hypothermia 32-35°C
Moderate Hypothermia 28-32°C

Severe Hypothermia <28°C

Data are likely underestimated due to underreporting
and inconsistent coding, highlighting the need for better
registries and regional coordination (6-9).

Patients with severe accidental
hypothermia, even those presenting
without detectable vital signs, may

achieve full recovery if subjected
to sustained resuscitation and
controlled rewarming.

Accidental hypothermia affects all climates yearround
and impacts urban and rural populations. Atrisk groups
include the homeless, older adults, those with substance
use disorders, outdoor enthusiasts, trauma victims, and
individuals submerged in cold water. Its global epidemiology
is shaped by environmental and socioeconomic factors
(1,2). Hypothermia commonly presents in emergency
settings and, especially in trauma, is part of the “lethal
triad” (with coagulopathy and acidosis), predicting
higher mortality and requiring prompt recognition and
prevention of further heat loss (1,10). Severe hypothermia
suppresses cardiac and cerebral function, raising the risk of
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Table 2. Global Patterns in Accidental Hypothermia

Region / Setting Examples Key Epidemiologic Features Primary Risk Factors / HighRisk Groups
Hichest documented rates: lon Indigenous and rural communities;
Northern & Arctic  Canada, Scandinavia, ghest ¢ ols outdoor workers; individuals with
. . severe winters; remote geography; .
regions Russia alcoholrelated exposure; submersion

delayed access to care

victims

Western Europe,

Temperate region: .
emperate regions United States, Japan

Significant morbidity and mortality Elderly adults; homeless individuals;
despite milder climates; substantial
urban hypothermia burden

trauma patients; people with substance use
disorders

Mountainous Alps, Himalayas
& highaltitude ps ¥as,
) Andes
regions resources

High proportion of severe cases;
rescue delays; limited onscene

Climbers, trekkers, mountaineers, rescue
personnel

Maritime & coastal North Atlantic, Baltic

Coldwater immersion as major
cause of severe hypothermia and

Commercial fishers, sailors, recreational

environments Sea, Pacific Northwest . boaters
cardiac arrest
Underrecognized due to limited . .
Low and surveillancge‘ high exposure Outdoor workers; socioeconomically
middleincome Global LMIC regions » gH EXp vulnerable populations; neonates (separate
. among outdoor laborers; neonatal S
countries (LMICs) epidemiologic category)

hypothermia prevalent

dangerous arrhythmias and arrest, so emergency protocols
must include early internal or extracorporeal rewarming
for unstable patients (1,2). Advances in extracorporeal
methods have notably improved outcomes and are now
central to hypothermia management (2).

Objectives of this review seek to outline current consensus
definitions and temperaturebased staging systems that
inform clinical decisionmaking, provide an integrated
overview of the pathophysiologic changes affecting
multiple organ systems, with particular attention to
their relevance in emergency care, present severitybased
diagnostic and management pathways, including criteria
for initiating ECLS or cardiopulmonary bypass, summarize
characteristic laboratory abnormalities and ECG findings
that influence prognosis and therapeutic choices, discuss
considerations for highrisk or special populations,
including paediatric, geriatric, and trauma patients and
finally evaluate existing evidencebased guidelines and
highlight key gaps requiring further research. A narrative
review was conducted, sourcing data from peer-reviewed
articles, surveys, observational studies, and guidelines via
PubMed, covering definitions, physiology, epidemiology,
and treatment.

Pathophysiology

Thermoregulation and Compensatory Mechanisms

Core temperature is maintained by balancing heat
production (metabolism, shivering) with heat loss,
regulated by hypothalamic control and autonomic
responses such as vasoconstriction and sympathetic
activation. When heat loss exceeds production, core
temperature drops. Early compensatory mechanisms
include shivering, vasoconstriction, increased metabolic
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rate, and sympathetic drive. With further cooling, these
responses fail—shivering stops, metabolism slows, mental
status declines, and cardiovascular depression develops.

Mechanisms of Heat Loss
Heat is lost through four pathways (table 3.)

Table 3. Heat loss pathways

Conduction: Direct transfer to colder surfaces; dominant in
cold-water immersion.

Convection: Loss to moving air or water.

Radiation: Infrared heat loss to the environment.

Evaporation: Loss via skin moisture and respiration.
Rapid cooling occurs with icy-water immersion (<5°C), wet
clothing, and wind exposure. Exact realworld contributions
of each mechanism remain poorly quantified.

Cardiovascular Changes by Temperature Stage

With a drop in body temperature, the cardiovascular
system undergoes changes ranging from barely noticeable
to profound, with fatal consequences if hypothermia is not
controlled.

These changes form the basis for modified ACLS
recommendations in hypothermia.

Respiratory Effects

Cold exposure initially increases respiratory rate, followed
by slow, shallow breathing as cooling progresses. Severe
hypothermia causes hypoventilation, hypoxemia, and
hypercapnia. Reduced metabolic rate lowers oxygen
demand, but hypothermia combined with hypoxia (e.g.,
drowning) worsens outcomes.
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Table 4. Cardiovascular changes in hypothermia

Hypothermia Core

Stage Temperature Key Physiologic Changes Arrhythmia Risk Hemodynamic Effects
. Sympatheticdriven « Cardiac output generally
) . preserved
Mild 32-35°C tachycardia Low )
. - « Increased systemic vascular
« Peripheral vasoconstriction .
resistance
’ Bradyca%‘dla and slowed « Atrial fibrillation .
. conduction « Reduced cardiac output
Moderate 28-32°C . . « Supraventricular . .
« Declining myocardial . « Risk of hypotension
s arrhythmias
contractility
. Marked reduction in . ‘ . Veryllow cardiac output and
. « Ventricular tachycardia/ arterial pressure
. cerebral perfusion and fbrillati
Severe <28°C oxygen use brillation « Heart often unresponsive
« Asystole to drugs and defibrillation

 Myocardial depression

until rewarmed

Neurological Manifestations

Cooling progressively reduces cerebral metabolism and
blood flow:

« Mild: Confusion, slowed cognition
» Moderate: Stupor, diminished reflexes
« Severe: Coma with minimal signs of life

Profound hypothermia may mimic death, supporting the
principle of continuing resuscitation until rewarmed
unless clear signs of irreversible death exist.

Metabolic Alterations

Hypothermia causes:

« Reduced metabolic rate

« Impaired insulin release and altered glucose handling
« Metabolic acidosis

« Slowed drug metabolism

« Electrolyte shifts, especially potassium abnormalities

Electrolyte Abnormalities

« Hyperkalaemia: Common during rewarming; very high
levels predict poor prognosis.

« Hypokalaemia: May result from cold diuresis.

« Additional disturbances in sodium, calcium, and magnesium
may occur. Hyperkalemia is sometimes used to guide
decisions about aggressive rewarming or ECLS candidacy.

Renal and Endocrine Effects

« Reduced renal blood flow and vasoconstriction impair
kidney function.

« Cold diuresis from central volume shifts and reduced
ADH contributes to hypovolemia and electrolyte loss.

« Early catecholamine and cortisol release may diminish
in severe hypothermia.

o Preexisting thyroid or adrenal insufficiency may worsen.

Coagulation Abnormalities

Hypothermia impairs haemostasis through platelet
dysfunction, slowed enzymatic activity, prolonged clotting
times, and increased bleeding risk. These issues are critical
in trauma and during ECMO, where anticoagulation is
required.

Afterdrop Phenomenon

Afterdrop is a continued fall in core temperature during
early rewarming due to cold peripheral blood returning
centrally. It is minimized by controlled rewarming and
avoiding rapid peripheral vasodilation. Close monitoring
during transport and early rewarming is essential.

Implications for Emergency Management
Physiologic stage guides rewarming strategy:

« Mild: Passive or active external warming

« Moderate: Active external + internal warming
« Severe or unstable: Active internal rewarming and

consideration of extracorporeal life support/
cardiopulmonary bypass (ECLS/CPB)

Extracorporeal techniques provide circulatory support
and controlled rewarming, improving survival in severe
hypothermic arrest. Impaired drug metabolism at low
temperatures requires ACLS medication adjustments when
core temperature is <30°C.

In severe or unstable hypothermia,
timely internal rewarming potentially
with extracorporeal support is
critical to restore circulation and
improve survival.
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Clinical presentation and diagnosis

Clinical Signs by Severity

Clinical changes vary according to the level of hypothermia,
ranging from shivering and vasoconstriction to the
development of coma and pronounced bradycardia.

Electrocardiographic Findings
ECG monitoring is essential. Key features:

«Osborn (J) waves: Classic in moderate-severe
hypothermia; correlate with lower temperature and
higher arrhythmia risk.

« Other changes: Bradyarrhythmias, prolonged PR/QRS/
QT, atrial fibrillation, ventricular arrhythmias (<28°C).

« Refractory myocardium: Limited response to drugs and
defibrillation until rewarmed.

Core Temperature Measurement

Preferred methods: Esophageal (during resuscitation),
rectal, bladder, lowtemperature tympanic probes. Avoid:
Oral, axillary, standard tympanic, skin readings. Note: Do
not delay transport or rewarming; obtain core temperature
early in the emergency department.

Laboratory Abnormalities

Laboratory abnormalities in hypothermia are shown in
the table below.

Prompt action following the hypothermia diagnostic
algorithm on patient arrival in the emergency department
is crucial to prevent complicatons. (see Figure 1. below)

Differential diagnosis

Accidental hypothermia may result from direct
environmental exposure—such as prolonged cold exposure,
homelessness, outdoor activity, or coldwater immersion
(1,12)—but can also reflect underlying medical conditions.
Endocrine disorders, sepsis, neurologic injury, toxicologic
impairment, metabolic derangements, and dermatologic
disease may all contribute to or mimic hypothermia
(1,4,16). Iatrogenic factors, including perioperative cooling,
unwarmed transfusions, and therapeutic hypothermia
protocols, are additional considerations (1,17). Evaluation
must account for both primary and secondary causes, and
in infants, hypothermia should prompt assessment for
serious bacterial infection (18).

Risk factors and etiology

Accidental hypothermia is mainly caused by environmental
exposure—prolonged cold, poor shelter, wilderness or
work exposure, and cold-water immersion, which rapidly
lowers body temperature (1,12). Submersion combines
hypothermia with hypoxia; rapid cooling may sometimes
protect the brain during arrest (1,6). Annually, about 1,300
deaths occur in the U.S., and 2-5 per 100,000 in Europe,
though true rates are likely underestimated due to coding

Table 5. Clinical sings of hypothermia by severity

Severity Core Temp Key Features

Mild 37-35°C Shlverlng, tach.yca.rdla, vasoconstriction, normal or mildly altered mental status,
increased respirations

Moderate 28-32°C Co.nfu.swn, bradycardia, atr'lal a.rrhythmlas, hypotension, reduced respiratory drive,
shivering stops, poor coordination

Severe <28°C Stupor/coma, marked bradycardia or VT/VF/asystole, severe hypotension, minimal

respirations, depressed reflexes, may appear clinically dead

Legend: VT/VF - ventricular tachycardia / ventricular fibrillation

Table 6. Laboratory abnormalities in hypothermia

Parameter Findings Notes

. L . Possible hypo/hypernatraemia, calcium/
Electrolytes Hyperkalaemia (poor prognosis if very high) magnesium abnormalities
Acid-base Metabolic acidosis Elevated lactate in severe hypoperfusion
Coagulation Prolonged PT/INR/aPTT, platelet dysfunction itzl;ciacr)d labs underestimate coagulopathy (tested
CBC Elevated haematocrit (haemoconcentration),

variable WBC

Renal Elevated creatinine/BUN High CK if rhabdomyolysis
Glucose Hypo- or hyperglycaemia Due to impaired insulin regulation

Legend: PT — prothrombin time;

INR — international normalized ratio; aPTT —activated partial thromboplastin time; WBC - white blood cells; BUN - blood urea nitrogen; CK — creatine kinase
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Patient with suspected hypothermia |
¢

IMMEDIATE ACTIONS:

o Measure core temperature (esophageal/rectal/bladder)

« Continuous cardiac monitoring

« Pulse oximetry

« Remove wet clothing, prevent further heat loss

« Handle gently (minimize movement to reduce VF risk)
¢
OBTAIN:

« 12-lead ECG (look for Osborn waves, arrhythmias,
conduction delays)

« Serum electrolytes (especially potassium)

o Arterial blood gas

« Lactate

« Coagulation studies

« Complete blood count

« Renal function

« Blood glucose

« Toxicology screen if indicated
2
CLASSIFY SEVERITY:
« Mild (32-35°C)

« Moderate (28-32°C)
« Severe (<28°C)

¥
ASSESS STABILITY:

» Perfusing rhythm vs. cardiac arrest

» Hemodynamic stability

« Presence of arrhythmias

\
INITIATE APPROPRIATE REWARMING STRATEGY

(See Section 5: Management Protocols)

Figure 1. Emergency Department Diagnostic Approach to
Hypothermia

issues (6-8). Medical conditions increasing risk include
hypothyroidism, adrenal insufficiency, hypopituitarism
(5,16), stroke, spinal injury, Parkinson’s, dementia (16),
heart failure, vascular disease (11), sepsis (especially
elderly), and infections in infants (18). Malnutrition and
vitamin deficiencies also lower resistance (5).Trauma-
related hypothermia results from exposure, shock,
unwarmed IV fluids, and poor thermoregulation, forming
the “lethal triad” with coagulopathy and acidosis, which
raises mortality (1,10). It leads to worse outcomes, more
transfusions, and longer ICU stays, so early prevention

and correction are needed (10). Certain drugs (alcohol,
sedatives, opioids, antipsychotics, anesthetics) and toxins
(CO, ethanol, sympatholytics) impair thermoregulation
and shivering, increasing risk (5,16). Management must
address both toxicity and temperature (16). Demographics
matter: older adults have impaired thermoregulation,
comorbidities, polypharmacy, and social isolation, making
them more vulnerable (2,19). Neonates/infants are at
risk due to high surface area, immature regulation, and
dependence on caregivers; hypothermia may indicate
infection (18). Homeless, mentally ill, and substance
users face higher exposure and risk (1,14). Iatrogenic
hypothermia occurs perioperatively (anaesthesia, cold
operating rooms, long procedures) and with unwarmed
transfusions (1,10). Therapeutic hypothermia after cardiac
arrest can cause overcooling if not monitored, requiring
similar management to accidental hypothermia (2,17).

Management protocols in the
emergency medicine

Prehospital Care and Transport

Immediate priorities in the prehospital setting include
environmental extraction, removal of wet clothing,
patient insulation with blankets or vapor barriers, wind
protection, and movement minimization (1). Rough
handling and extremity massage must be avoided to reduce
ventricular fibrillation risk (1). Temperature management
strategies include passive rewarming through insulation,
administration of warmed humidified oxygen when
available, and warmed intravenous fluids when protocols
permit (1). Core temperature measurement should not
delay transport (1). Destination selection is critical
for optimal outcomes. Patients presenting with severe
hypothermia (core temperature <28°C), hemodynamic
instability, ventricular arrhythmias, or cardiac arrest
require triage to extracorporeal life support (ECLS)-capable
centers when feasible (1,2). Continuous cardiopulmonary
resuscitation (CPR), potentially utilizing mechanical CPR
devices for prolonged transport, should be maintained
in cardiac arrest cases, with pre-notification of receiving
facilities to mobilize ECLS teams (1,2).

Emergency Department Initial Assessment

The primary survey follows standard airway, breathing,
and circulation (ABC) protocols with hypothermia-
specific modifications (1). Airway patency assessment and
intubation for unconsciousness or inadequate ventilation,
supplemental oxygen provision (preferably heated
and humidified), and circulation assessment requiring
prolonged pulse checks (30-45 seconds) are essential (1).
Vascular access establishment and cardiac monitoring
initiation complete the primary survey (1). Immediate
interventions include continuous cardiac monitoring for
arrhythmia detection (particularly ventricular fibrillation/
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ventricular tachycardia), core temperature measurement
via oesophageal, rectal, or bladder probe, 12-lead
electrocardiography to document rhythm and identify
Osborn waves, prevention of further heat loss through
removal of wet clothing and application of warm blankets,
gentle handling to minimize movement, and establishment
of intravenous access (preferably central for warmed fluid
administration) (1,4).

Essential laboratory studies comprise serum electrolytes
(with particular attention to potassium), arterial blood
gas analysis, lactate, complete blood count, coagulation
studies (prothrombin time/international normalized ratio,
activated partial thromboplastin time), renal function
assessment (creatinine, blood urea nitrogen), creatine
kinase if rhabdomyolysis is suspected, blood glucose, and
toxicology screening when indicated (1,4). Prognostic
markers include serum potassium, with markedly elevated
nonhemolyzed values (>10-12 mmol/L) associated with
poor outcomes and used as a triage consideration in some
protocols (1,2). Elevated lactate correlates with severity and
mortality, while severe acidosis predicts worse outcomes
(1,2).

Rewarming Strategies Overview

Rewarming strategies are selected based on hypothermia
severity and hemodynamic stability. Passive external
rewarming, appropriate for mild hypothermia (32-35°C)
with stable vital signs, achieves rewarming rates of 0.5-
2°C per hour through insulation, warm environment,
and wet clothing removal (1). Active external rewarming,
indicated for moderate hypothermia or inadequate passive
rewarming response, utilizes forced-air warming systems,
heating blankets, radiant heaters, and warm packs applied
to the trunk, achieving rates of 1-2.5°C per hour (4). Active
internal rewarming (non-ECMO), employed for moderate to
severe hypothermia without ECLS indications, incorporates
warmed intravenous fluids (42-44°C), heated humidified
oxygen (42-46°C), gastric/bladder lavage, peritoneal lavage,
pleural lavage, and intravascular warming catheters, with
rewarming rates of 1-3°C per hour (1,4,20). Extracorporeal
rewarming (ECLS/ECMO), recommended for cardiac arrest,
severe hypothermia (<28°C) with unstable circulation, or
refractory ventricular arrhythmias, achieves the most rapid
rewarming (3-10°C per hour) and demonstrates marked
survival improvements in case series (2,14).

Passive Rewarming

Passive rewarming serves as the initial step for all
hypothermic patients and may suffice as sole therapy
for mild cases (32-35°C) with stable hemodynamics
(1,4). Techniques include removal of all wet clothing,
insulation with dry blankets or sleeping bags, ambient
room temperature elevation (25-28°C), head covering to
prevent scalp heat loss, and vapor barrier application to
reduce evaporative losses (1). Monitoring includes serial
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core temperature measurements every 15-30 minutes,
continuous cardiac monitoring, vital signs assessment,
and mental status evaluation (4). Limitations include slow
rewarming rates (0.5-2°C per hour) and insufficiency for
severe hypothermia (1).

Active External Rewarming

Active external rewarming is indicated for moderate
hypothermia (28-32°C), mild hypothermia inadequately
responding to passive methods, or as an adjunct to active
internal rewarming in severe cases (4). Forced-air warming
systems (e.g., Bair Hugger, Warm Touch), the most common
method in modern emergency departments, apply warming
blankets preferentially to the trunk at temperatures of 40-
43°C (4). Conductive heating blankets utilizing circulating
warm water, radiant overhead warming lights, and warm
packs applied to trunk areas (axillae, groin, neck) provide
additional options (1,4). Precautions include afterdrop
monitoring, wherein peripheral vasodilation returns cold
blood to the core causing transient temperature decrease,
thermal injury surveillance for burns particularly in
patients with altered sensation, and rewarming shock
management with intravenous fluid preparation for
vasodilation-induced hypotension (1,4).

Active Core Rewarming: Warmed Intravenous Fluids

Warmed intravenous fluid administration is indicated for
moderate to severe hypothermia, all patients requiring
intravenous resuscitation, and as an adjunct to other
rewarming methods (1). Isotonic crystalloids (normal
saline or lactated Ringer’s solution) warmed to 42-44°C
are delivered via fluid warmers, with central venous
administration preferred in severe cases at rates typically
of 150-200 mL per hour, adjusted based on hemodynamics
and volume status (1). Precautions include volume overload
monitoring for pulmonary oedema, electrolyte shift
surveillance (particularly potassium), and avoidance of
peripheral intravenous access in severe cases due to poor
extremity perfusion (1,4).

Active Core Rewarming: Heated Humidified Oxygen

Heated humidified oxygen (42-46°C) is indicated for
all intubated hypothermic patients and spontaneously
breathing patients with severe hypothermia when
equipment is available (1). Delivery occurs via ventilator
circuit or high-flow nasal cannula systems with essential
humidification to prevent airway desiccation (1). Benefits
include airway and core warming, respiratory heat loss
prevention, oxygenation support, relative non-invasiveness,
and compatibility with all other rewarming methods (1).

Active Core Rewarming: Body Cavity Lavage

Gastric and bladder lavage, involving warmed saline (40-
42°C) instillation via nasogastric tube or urinary catheter,
provides limited contribution to core rewarming due to
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restricted surface area and serves only an adjunctive role
(1). Peritoneal lavage (peritoneal dialysis) is indicated
for severe hypothermia when ECLS is unavailable (1,4).
Technique involves peritoneal dialysis catheter insertion,
instillation of warmed (approximately 43°C) potassium-
free dialysis fluid in 2-liter volumes with 20-30 minute
dwell times, followed by drainage and repetition (1,4).
The large surface area for heat exchange and feasibility in
most hospitals constitute advantages, while invasiveness,
perforation risk, infection risk, and slower rewarming
compared to ECMO represent disadvantages (1). Pleural/
thoracic lavage is indicated for severe hypothermia,
especially with cardiac arrest, when ECLS is unavailable
(1,21). Bilateral chest tube placement (typically 36-40
French), warmed normal saline (40-42°C) instillation into
one hemithorax with drainage from the contralateral chest
tube in volumes of 300-500 mL per exchange characterize
the technique (1,21). Greater effectiveness than peritoneal
lavage due to cardiac and great vessel proximity represents
an advantage, while high invasiveness, chest tube placement
requirements, and risks of pneumothorax, haemothorax,
and infection constitute disadvantages (1,21). Case reports
and small series demonstrate feasibility and success (21).

Active Core Rewarming: Intravascular Warming
Devices

Endovascular warming catheters placed in central veins
(femoral, internal jugular) circulate warm saline through
balloon or coil structures to achieve direct blood warming
(20). Indications include severe hypothermia and situations
requiring an intermediate option between external
methods and ECMO when ECMO is not immediately
available (20). Advantages encompass less invasiveness
than ECMO, controlled rewarming rates (1-3°C per hour),
emergency department or intensive care unit placement
capability, and elimination of perfusionist or cardiac
surgery team requirements (20). Disadvantages include
central venous access and expertise requirements, slower
rewarming than ECMO, absence of hemodynamic support,
and limited center availability (20). A growing body of
literature supports efficacy, though comparative outcome
data versus ECMO remain limited (20).

Extracorporeal Life Support and Cardiopulmonary
Bypass

Strong indications for ECLS include hypothermic cardiac
arrest (ventricular fibrillation, ventricular tachycardia,
pulseless electrical activity, or asystole), severe hypothermia
(<28°C) with hemodynamic instability, refractory
ventricular arrhythmias, or hypotension unresponsive
to fluids and vasopressors, and moderate hypothermia
(28-32°C) with cardiac arrest or severe cardiovascular
instability (1,2,14). Relative contraindications include very
high nonhemolyzed serum potassium (>10-12 mmol/L
in some protocols), lethal injuries incompatible with

survival, known terminal illness, prolonged warm cardiac
arrest prior to cooling, and evidence of tissue necrosis
suggesting prolonged exposure with irreversible damage,
though clinical judgment is required as some patients with
elevated potassium have survived with ECLS (1,2).

Resuscitation Modifications in Hypothermia

For core temperatures <30°C, repeated resuscitation drug
boluses are generally withheld due to altered metabolism
and risk of toxicity upon rewarming (1). At 30-35°C,
if drugs are used, dosing intervals should be doubled
(applies to epinephrine, amiodarone, lidocaine, atropine)
(1). Defibrillation: Up to three shocks for ventricular
fibrillation/tachycardia; further attempts deferred until
core temperature >30°C (some protocols use 32°C) (1).
Continue CPR during rewarming; prolonged resuscitation
is justified due to neuroprotective effects (“no one is dead
until they are warm and dead”) (1,2). Pulse checks may
require 30-45 seconds due to bradycardia; consider
mechanical CPR for extended resuscitation or transport
(1,2). Termination criteria are not well-defined: consider
exposure duration, serum potassium (>10-12 mmol/L),
lethal injuries, frozen body cavities, and clear signs of
death. Resuscitation should continue until rewarming
to at least 32-35°C unless irreversible death is evident
(1,2). Criteria for resuscitation termination are not well-
defined but should consider exposure duration, serum
potassium (>10-12 mmol/L), evidence of lethal injuries,
frozen body cavities, and obvious signs of death (rigor
mortis, dependent lividity), with the general principle of
continuing resuscitation until rewarming to at least 32-
35°C unless clear evidence of irreversible death exists
(1,2).

Severe hypothermia with
hemodynamic instability or cardiac
arrest requires rapid active internal

rewarming, preferably with
extracorporeal life support (ECLS/
ECMO), to restore circulation and
improve survival.

Airway Management

Intubation is indicated for unconsciousness (Glasgow
Coma Scale <8), inadequate ventilation, inability to
protect airway, cardiac arrest, and severe hypoxemia (1).
Technique considerations include gentle laryngoscopy
to avoid excessive stimulation potentially precipitating
ventricular fibrillation, preoxygenation with warmed
humidified oxygen when available, rapid sequence
intubation modifications considering hemodynamic
effects of induction agents, and post-intubation provision
of heated humidified oxygen via ventilator circuit (1).
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Fluid Resuscitation

All intravenous fluids should be warmed (42-44°C) using
fluid warmers or rapid infusion systems, with central
venous access preferred in severe hypothermia (1).
Initial resuscitation is guided by hemodynamics, with
anticipation of shifts during rewarming as vasodilation
causes relative hypovolemia (1). Careful monitoring is
required to avoid both under-resuscitation and pulmonary
edema, while excessive crystalloid administration may
worsen hypothermia-induced coagulopathy (1,10). Blood
products, indicated for trauma, ongoing bleeding, or severe
anemia, must be warmed, with anticipation of worsened
coagulation necessitating early use of plasma, platelets, and
tranexamic acid in trauma (10).

Special populations

Pediatric Hypothermia

Neonates and infants (<90 days) demonstrate unique
vulnerabilities including high surface area-to-volume ratio
causing rapid heat loss,immature thermoregulation, limited
shivering ability, dependence on brown fat thermogenesis,
and thin subcutaneous fat layers (18). Hypothermia
in young infants may indicate serious bacterial or viral
infection, with emergency department practice showing
high variability and substantially greater rates of invasive
testing in infants <30 days, including blood cultures, urine
cultures, lumbar puncture for cerebrospinal fluid analysis,
and empirical antibiotics (18). Older children demonstrate
better thermoregulation than infants but remain vulnerable,
with behavioral factors (inadequate clothing, water play)
and submersion incidents representing common causes
(1). Management follows adult principles scaled to size
with lower threshold for ECLS consideration in paediatric
centers and essential family-centered care (1).

Neonates and young infants are
highly vulnerable to hypothermia due
to immature thermoregulation, high
surface area-to-volume ratio, and
limited shivering, and hypothermia in
this age group may indicate serious
infection.

Trauma-Associated Hypothermia

Hypothermia is part of the trauma “lethal triad”
(hypothermia — coagulopathy — acidosis), with each
factor worsening the others (10). Causes include prolonged
scene time, clothing removal, haemorrhagic shock, cold
environment, room-temperature IV fluids, open wounds,
and cold operating rooms (10). Each 1°C drop below 35°C
increases mortality, transfusion needs, coagulation times,
acidosis, platelet dysfunction, and length of hospital/ICU
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stay (1,10). Prevention: minimize scene time, remove wet
clothing, use blankets/insulation, warm ambulance, and
give warmed IV fluids when possible (10). Emergency
department: warm resuscitation bay, remove clothing only
as needed, cover exposed areas, use forced-air warming, give
warmed fluids/blood, provide heated humidified oxygen,
and limit unnecessary exposure (10). Operating room:
increase ambient temperature, use forced-air warming,
warmed irrigation fluids, warmed IV fluids/blood, and
minimize surgical time (damage control principles) (10).

Submersion and Cold-Water Immersion

Water conducts heat 25 times faster than air, with immersion
in icy water (<5°C) causing profound hypothermia within
minutes and core temperature dropping 1-2°C within
the first few minutes (1,6). The cold-water immersion
sequence progresses through cold shock response (0-3
minutes) with gasping, hyperventilation, and tachycardia;
cold incapacitation (3-30 minutes) with loss of muscle
function and inability to swim; hypothermia (>30 minutes)
with progressive cooling and altered consciousness; and
circum-rescue collapse with cardiac arrest during or
immediately after rescue (1). Rapid cooling may reduce
cerebral metabolic rate before severe hypoxia, potentially
explaining rare cases of good neurological recovery after
prolonged submersion, with maximal protection in very
cold water (<5°C) with rapid submersion (1,22).

Outcomes and prognosis

Cardiac Arrest Qutcomes

Pre-ECLS era survival from hypothermic cardiac arrest
typically remained below 50%, limited by conventional
rewarming methods’ inability to provide circulatory
support (2). Contemporary ECLS era outcomes demonstrate
survival approaching 100% in highly selected patients
(young, previously healthy, witnessed arrest, rapid CPR
initiation, rapid ECLS access, no prolonged warm cardiac
arrest) (2,22), while real-world multicentre data reveal
more variable outcomes with survival rates of 30-70%
depending on patient selection and system factors, better
outcomes in specialized centres with established protocols,
and selection bias in published series where sicker patients
may not be offered ECLS (14,20)

Prognostic Factors and Predictors of Mortality

Strong predictors of poor outcome include markedly
elevated nonhemolyzed serum potassium (>10-12
mmol/L), which strongly associates with mortality, serves
as a triage consideration in some ECLS protocols, reflects
prolonged tissue hypoxia and cell death, though survivors
with potassium exceeding 10 mmol/L have been reported,
precluding absolute contraindication (1,2). Lower core
temperature associates with higher mortality, with each
degree below 28°C increasing risk and temperatures
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below 24°C historically associated with very poor
outcomes, though survivors have been reported (2,4).
Factors associated with better outcomes include younger
age, previously healthy status, witnessed arrest or rapid
discovery, rapid CPR initiation, short transport time to
ECLS centers, icy water submersion versus environmental
exposure, and ventricular fibrillation as presenting rhythm
(1,2,22).

Neurological Outcomes

Hypothermia’s neuroprotective effects result from reduced
cerebral metabolic rate, decreased oxygen consumption,
potential neurological function preservation during
prolonged arrest, and form the basis for therapeutic
hypothermia post-cardiac arrest (1,22). Full neurological
recovery remains possible even after prolonged cardiac
arrest (>60 minutes in cold water), profound hypothermia
(<24°C), and prolonged resuscitation, with case reports
documenting complete recovery with return to baseline
function (22).

Even in profound hypothermic cardiac
arrest, patients can achieve full
survival and neurological recovery
due to hypothermia’s neuroprotective
effects, particularly when rapid CPR
and timely ECLS are provided.

Current evidence and guidelines

Major Guideline Recommendations

American Heart Association (AHA)/Advanced
Cardiovascular Life Support (ACLS) key recommendations
include gentle handling to prevent ventricular fibrillation,
prevention of further heat loss, staged rewarming
approach (passive — active external — active internal
— extracorporeal), modified resuscitation algorithms
limiting defibrillation attempts (up to three shocks)
with deferral of repeated shocks until core temperature
exceeds 30°C, withholding or spacing resuscitation drugs
when temperature remains below 30°C, continuing
cardiopulmonary resuscitation during rewarming,
administering warmed humidified oxygen, providing
warmed intravenous fluids (central administration
preferred), considering extracorporeal rewarming for
cardiac arrest or hemodynamic instability, and continuing
resuscitation until rewarmed consistent with the principle
“no one is dead until they are warm and dead” (1). European
Resuscitation Council (ERC) recommendations align
with AHA guidance with variations including emphasis
on early ECLS triage for severe cases, structured regional
protocols for hypothermia management, consideration
of mechanical CPR for prolonged transport, and specific
temperature thresholds for treatment modifications (2).

Wilderness Medical Society provides specific guidance for
remote settings including field rewarming techniques when
evacuation is delayed, decision algorithms for field versus
evacuation, and practical considerations for resource-
limited environments (23). International Commission
for Mountain Emergency Medicine (ICAR MEDCOM)
endorsed recommendations include temperature-based
staging and triage, ECLS as preferred method for severe
hypothermia with arrest, regional coordination for
mountain rescue and hypothermia care, and specific
protocols for avalanche victims (2). It is also of importance
to mention Croatian national recommendations for
diagnosis and treatment of accidental hypothermia in
emergency medicine which present contribution to
successful management of accidental hypothermia (24).

Accidental hypothermia, caused by
environmental exposure, medical
conditions, trauma, or drugs, is
life-threatening and requires early
recognition and careful management,
especially in vulnerable populations.

Conclusion

Accidental hypothermia is most often caused by
environmental exposure, but medical conditions, trauma,
drugs, and social factors also increase risk. Submersion in
cold water can rapidly induce hypothermia, sometimes with
brain-protective effects. Mortality rates are significant but
likely underreported. Medical conditions such as endocrine
disorders, cardiovascular disease, and infections, especially
in infants and the elderly, heighten vulnerability. Trauma-
related hypothermia worsens outcomes due to its role in the
“lethal triad” Certain drugs and toxins further impair the
body’s ability to regulate temperature. Older adults, infants,
the homeless, and those with mental illness or substance
use are particularly at risk. Iatrogenic hypothermia can
occur during surgery or with unwarmed transfusions,
and therapeutic hypothermia requires careful monitoring.
Early recognition, prevention, and tailored management are
essential to improve outcomes in hypothermic patients.
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