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Hypothermia, frostbite, and nonfreezing cold injuries 
predominantly affect older adults, homeless or intoxicated 
people, adventurers, and military personnel.1,2 Alcohol con-
sumption is an important risk factor and was associated 
with 68% of accidental hypothermia cases in one retrospec-
tive study.3-5 From 2006 to 2010, there were 10,649 deaths 
in the United States attributed to natural weather causes;  
two-thirds of these were associated with excessive cold.5 
Cold-related mortality was substantially higher in older 
adults and in rural or low-income areas.

Optimal human thermoregulation requires a core temp- 
erature within 2 to 3 degrees of 98.6°F (37°C).6 The five 
mechanisms of heat loss are radiation, conduction, con-
vection, evaporation, and respiration.7 The skin is the 
main mechanism of heat exchange and is responsible for 

approximately 90% of total heat loss,3 which can be exac-
erbated by vasodilation secondary to alcohol consumption 
or medication use.3,7,8 Conduction is the direct transfer of 
heat between objects. Frostbite can occur within seconds 
of bare-skin contact with a cold metal surface.9 Convec-
tion is the transfer of heat with the movement of fluids or 
gases;  it is most evident with inadequate coverage in windy 
conditions.7,8

Prevention
Cold weather injuries are largely preventable through 
avoidance of prolonged exposure and use of protective 
equipment. Clothing and boots should be kept clean, lay-
ered, and loose to promote circulation.10 Shoe size should 
be increased if extra socks are needed.11 Base layers made 
of polypropylene or polyester are preferred over cotton or 
wool because of their moisture-wicking and heat-trapping 
properties. Wool or fleece garments are ideal for middle lay-
ers, and outer layers should repel moisture while allowing 
for ventilation.12 Socks should be changed daily or more fre-
quently if they become wet. Adequate hydration and nutri-
tion should be maintained, and nicotine and alcohol should 
be avoided. Exercise can increase core temperature, but 

Hypothermia and Cold Weather Injuries
Nicholas A. Rathjen, DO, and S. David Shahbodaghi, MD, MPH, William Beaumont Army Medical Center, Fort Bliss, Texas

Jennifer A. Brown, MD, Evans Army Community Hospital, Fort Carson, Colorado

 CME  This clinical content conforms to AAFP criteria for 
continuing medical education (CME). See CME Quiz on 
page 665.

Author disclosure:   No relevant financial affiliations.

Patient information:  A handout on this topic is available at 
https:// family doctor.org/condition/hypothermia.
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external and internal rewarming. Warmed normal saline is favored over lactated 
Ringer solution. Frostbite is a freezing injury that usually affects the extremities. 
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phosphate scintigraphy or magnetic resonance angiography. Initial treatment 
includes protecting tissue from further trauma, preventing refreezing, and avoid-
ing dry heat sources. Ideally, patients should be transported to facilities where 
rapid rewarming, imaging, and thrombolytic treatment are available. Tissue plas-
minogen activator significantly decreases amputation rates for severe injuries if 
started within 24 hours of rewarming. Immersion foot occurs during damp non-
freezing conditions. Rapid rewarming should be avoided, and amitriptyline should be considered for pain control. (Am Fam 
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exhaustion, sweating, and stress may 
exacerbate cold injuries.10,11 Certain 
medical conditions and medications 
may exacerbate or predispose patients 
to cold weather injuries (Table 1).6,12

Hypothermia
Hypothermia occurs when the core 
body temperature drops below 95°F 
(35°C). It is commonly associated with 
freezing temperatures but can occur 
throughout the year—even in tropi-
cal climates—when proper protection 
from the environment is lacking.13 The 
classic definition classifies hypother-
mia as mild, moderate, or severe.8 Early 
recognition is key in facilitating recov-
ery and promoting survival. As the core 
temperature drops to 89.6 to 95°F (32 to 
35°C), the body’s initial response is to 
generate heat via active movement and 
involuntary shivering. Moderate hypo-
thermia occurs at 82.4 to 89.6°F (28 to 
32°C), with pupil dilation and risk of 
cardiac arrhythmias. Below 89.6°F, the 
risk of cardiac arrest increases substan-
tially and thermoregulation becomes 
significantly less effective;  rewarming 
is possible only via exogenous heat. In 
severe hypothermia, the core tempera-
ture falls below 82.4°F, bradycardia and 
ventricular fibrillation are likely, and 
nearly all individuals are unconscious. 
If the core temperature cannot be mea-
sured, the Swiss Staging System can be 
used based on vital signs and clinical 
indicators (Table 2).13,14

Initial treatment of hypothermia 
should be based on symptoms alone, 
with core temperature used to con-
firm staging and to aid management 
decisions. Thermometers capable of 
reading low temperatures are essential 

TABLE 1

Medical Conditions and Medications That May Exacerbate 
or Increase the Risk of Cold Weather Injuries

Condition Risk

Cardiovascular

Congestive heart failure Decreased circulation at baseline;  beta blockers delay 
vasoconstriction response to cold

Coronary artery disease Cold increases mean arterial pressure, peripheral 
resistance, and myocardial oxygen demand

Peripheral vascular disease Decreased circulation at baseline

Dermatologic

Raynaud phenomenon Exaggerated vascular response to cold

Skin conditions (e.g., hyper-
hidrosis, psoriasis, sunburn)

Increased evaporative heat loss

Endocrine

Adrenal insufficiency Impaired metabolic thermogenesis

Diabetes mellitus Decreased circulation at baseline;  hypoglycemia 
impairs protective response (e.g., shivering);  increased 
risk of infection;  peripheral neuropathy may delay 
recognition of cold

Hypothyroidism,  
hypopituitarism

Decreased metabolism and heat production

Medications

Antihypertensives, beta 
blockers, diuretics

Impaired vasoconstriction and/or decreased blood 
volume

Barbiturates, benzodiaze-
pines, narcotics, tricyclic 
antidepressants

Impaired reaction time and judgment;  behavioral 
modification

Clonidine Impaired protective response (e.g., shivering)

Insulin Decreased blood glucose;  may impair protective 
response (e.g., shivering)

Nicotine Vasoconstriction;  increased risk of frostbite

Neurovascular

Multiple sclerosis, Parkinson 
disease, spinal cord injury, 
stroke, trauma

Impaired mobility and/or thermoregulation

Peripheral neuropathy Impaired sensation

Psychiatric

Alcoholism Behavioral modifications;  vasodilatory effects;   
malnutrition/depleted glycogen stores

Anorexia nervosa Malnutrition/depleted glycogen stores

Dementia, recreational drug 
use, schizophrenia

Impaired judgment

Pulmonary

Asthma Increased risk of cold-induced broncho constriction

Chronic obstructive pulmo-
nary disease

Increased morbidity and mortality in cold weather

Information from references 6 and 12.

WHAT’S NEW  
ON THIS TOPIC

Hypothermia

From 2006 to 2010, two-thirds of the 
10,649 deaths in the United States 
attributed to natural weather causes 
were associated with excessive cold.

In one retrospective study, 68% of 
cases of accidental hypothermia were 
associated with alcohol consumption.
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because many standard thermometers do not read below 
94°F (34.4°C).7,14 The use of rectal thermometers may be 
inadvisable in the field because exposure can increase heat 
loss.13 When accurate measurement of core temperature is 
not practical, management decisions should be based on the 
Swiss Staging System.

Treatment begins in the prehospital setting with 
advanced cardiac life support and passive and active exter-
nal rewarming (Figure 1).13,14 Detecting a pulse may be chal-
lenging;  feeling for a carotid pulse for one minute may be 
helpful.13 Conscious, uninjured, shivering patients (stage I) 
may be treated in the field. For patients with impaired con-
sciousness (stage II, III, or IV), full-body insulation and 
rewarming should be provided if it does not impede cardio-
pulmonary resuscitation or delay transport.13 Ideal modal-
ities for field-based rewarming include chemical, electrical, 
or forced-air heating packs and blankets.8,14 The use of alu-
minum or aluminized space blankets is also permissible. 
First responders should place large heating pads or blankets 
over the chest and into the groin or axillary region. Small 
chemical heat pads (normally used for hands) can cause 
thermal burns and should be avoided. Patients should be 
thoroughly insulated before transport.13 Defibrillation and 

TABLE 2

Swiss Staging System for Hypothermia 

Stage Symptoms
Suspected core 
temperature

I Conscious and shivering 89.6 to 95°F (32 to 35°C)

II Altered mental status, 
not shivering

82.4 to 89.6°F  
(28 to 32°C)

III Unconscious, not shiv-
ering, vital signs present

75.2 to 82.4°F  
(24 to 28°C)

IV No vital signs < 75.2°F (< 24°C)

Information from references 13 and 14.

FIGURE 1

Algorithm for the management of hypothermia.

Information from references 13 and 14.

Hypothermia suspected

Stabilize injuries

Move patient to warm area, 
then transport to hospital

Stage II

Temperature 82.4 to 
89.6°F (28 to 32°C)

Patient has altered mental 
status and is not shivering

Cardiac monitoring

Full body insulation

Active external heating 
and warm normal saline

Stage III

Temperature 75.2 to 
82.4°F (24 to 28°C)

Patient is unconscious 
with vital signs

Stage II management

Cardiopulmonary bypass

Stage IV

Temperature < 75.2°F (< 24°C)

Patient has no vital signs

Lethal injury

Stiff chest prevents cardio-
pulmonary resuscitation

Airway obstruction

Snow burial for > 35 minutes

Potassium > 12.0 mEq per L 
(> 12.0 mmol per L)

Stage I 

Temperature 89.6 to 
95°F (32 to 35°C)

Patient is conscious 
and shivering

Replace wet clothing

Active movement

Drink warm fluids

Stage III management

Advanced cardiac life support 
with up to 3 doses of epinephrine

No to all 

Consider termination of 
advanced cardiac life support 

and/or do not resuscitate

Yes to any 
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administration of medications to assist cardiac resuscita-
tion should be withheld until the patient is rewarmed to at 
least 82.4°F.15 Patients should be horizontal during trans-
port and should avoid physical exertion to decrease the 
risk of core temperature afterdrop that can result as blood 
returns to the core from cool extremities.13

When fluid resuscitation is warranted, normal saline is 
preferred over lactated Ringer solution because hypother-
mic patients cannot effectively metabolize lactate.13 Fluids 
should be warmed to 100.4 to 107.6°F (38 to 42°C). Passive 
heat transfer from warmed crystalloids allows for sym-
metric internal rewarming. Patients 
who have cardiac instability (e.g., sys-
tolic blood pressure less than 90 mm 
Hg, ventricular arrhythmias, core 
temperature less than 82.4°F) or who 
are in cardiac arrest should be trans-
ported to a center capable of providing 
cardiopulmonary bypass services.14 
Survival without significant neuro-
logic impairment may be possible for 
extended periods of time because of 
the decrease in total body metabolic 
demand and a concomitant decrease in 
cerebral oxygen requirements. In most 
circumstances, hypothermic patients 
should be rewarmed—ideally to a core 
temperature of 98.6°F—before pro-
nouncing death. However, terminating 
or avoiding advanced cardiac life sup-
port without rewarming is advisable 
for hypothermic patients with lethal 
injury, a stiff chest, airway obstruction, 

snow burial for more than 35 minutes, or serum potassium 
level greater than 12.0 mEq per L (12.0 mmol per L).

Frostnip and Frostbite
Frostnip is a self-limiting process that presents similarly 
to frostbite, with hyperesthesia, paresthesia, and pallor.1,16 
However, there is no tissue loss when the area is warmed, 
and symptoms resolve within 10 minutes.17 The extremities 
and face are most commonly affected. The time between 
frostnip and frostbite varies depending on the severity of 
environmental exposure, presence or lack of insulating 
clothing, and use of medications or recreational drugs.16 
Frostnip should be addressed at the onset of symptoms.16,17

Frostbite is a freezing injury in which initial cooling 
causes vasoconstriction and localized ischemia. Continued 
exposure leads to ice crystal formation that causes cellular 
lysis, electrolyte abnormalities, and microvascular occlu-
sion.16,18 Rewarming causes an inflammatory response, 
which increases the risk of thrombosis and reperfusion inju-
ries. This process is worsened if tissue is allowed to refreeze.18

There are several frostbite classification systems.1,16,19 Tra-
ditionally, frostbite has been organized into four categories 
based on acute physical findings (Table 3).1,16,18-20 However, 
these categories are difficult to assess before rewarming, 
and it may take several weeks to determine severity.16,19 Fur-
thermore, frostbite severity may vary within an extremity.16 
A two-tier system—superficial (first- and second-degree) or 
deep (third- and fourth-degree)—helps simplify the evalua-
tion.16 Another classification approach uses physical findings 

TABLE 4

Frostbite Grading System Immediately After Rewarming

Grade Presentation Prognosis and management

I Absence of cyanosis 
and blisters

99mTc scintigraphy not necessary

Amputation unlikely

II Cyanosis restricted to 
distal phalanx, clear 
blisters at 48 hours

99mTc scintigraphy at 48 hours:  decreased uptake

Risk of tissue loss;  hypoxemia and injury at higher 
elevation (4,000 m [13,000 ft]) increase risk;  con-
sider treating as grade III or IV in these scenarios

III Cyanosis on proximal 
phalanx, hemorrhagic 
blisters at 48 hours

99mTc scintigraphy at 48 hours: absence of radiotracer

High risk of amputation

IV Cyanosis on carpal/
tarsal, hemorrhagic 
blisters at 48 hours

99mTc scintigraphy at 48 hours:  absence of radiotracer

100% risk of amputation

99mTc = technetium-99m pyrophosphate.

Information from references 19 and 20.

TABLE 3

Traditional Frostbite Grading System

Grade Presentation

First degree 
(superficial)

Edema, pallor, and erythema;  slightly 
raised plaque;  no blisters;  absent to mini-
mal tissue loss

Second degree 
(superficial)

Clear blisters with edema and erythema;  
absent to minimal tissue loss;  blisters 
develop 6 to 24 hours after rewarming 1

Third degree 
(deep)

Hemorrhagic blisters suggest subcutane-
ous or dermal involvement;  black eschar 
develops over weeks;  tissue loss

Fourth degree 
(deep)

Muscle and/or bone involvement;  mummi-
fication and gangrene;  full-thickness tissue 
loss;  absence of blisters in deep frostbite is 
a poor prognostic factor  1

Note: Frostbite severity may take several weeks to completely 
assess and is difficult to assess before rewarming.

Information from references 1, 16, and 18-20.
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immediately after rewarming (Table 4).19,20 Grade I injuries 
lack cyanosis and are unlikely to require amputation. Grade 
II to IV injuries have worsening cyanosis, which increases 
the risk of amputation.20 Angiography and technetium-99m 
pyrophosphate (99mTc) scintigraphy help predict perfusion 
and should be considered immediately after rewarming in 
patients who are candidates for tissue plasminogen activa-
tor (TPA).21,22 For patients with a delayed presentation, 99mTc 
scintigraphy should be considered within 48 hours to help 
with prognosis.23

An algorithm for the treatment of frostbite is shown in 
Figure 2.18,19,21-25 Hypothermia management should take pre-
cedence over treating frostbite.17 Jewelry should be removed, 
wet clothing should be replaced, and friction should be 
avoided. Dry heat sources (e.g., stoves, fires, engines, heating 

pads) should not be used to treat frostbite because the tem-
perature is difficult to regulate. The frostbitten extremity 
should not be used unless essential for evacuation, and 
rewarming should be avoided if refreezing is a risk.16,17 If 
rapid rewarming is not possible, body heat (axilla and/or 
groin) may be used for spontaneous thawing.19

Rapid rewarming should be done in a water bath main-
tained at 98.6 to 102.2°F (37 to 39°C). The extremity should 
be actively swirled, avoiding the bath edge, until the tissue 
appears red or purple and is soft to touch (30 to 60 min-
utes).16 To prevent reperfusion injuries, ibuprofen (12 mg per 
kg divided into two daily doses) should be given until the 
wound heals or surgery is performed.16 Oral or intravenous 
opioids may also be required for pain relief. The extremity 
should be allowed to air dry after removal from the water 

bath;  it should not be rubbed.16,17 
Hypovolemia should be corrected 
with warm oral or intravenous flu-
ids.16 Empiric antibiotics are not rec-
ommended unless there is an open or 
dirty wound.24 Tetanus prophylaxis is 
recommended per routine guidelines.16

Although there is conflicting evi-
dence on the debridement of blisters, 
clear blisters are usually drained, 
whereas hemorrhagic blisters are left 
intact.16 TPA can significantly decrease 
amputation rates.24-28 If the patient has 
severe injuries (grade III/IV or deep 
frostbite) and no contraindications, 
intravenous or intra-arterial TPA 
should be considered within 24 hours 
of rewarming.16,19,22,24,27 Contraindica-
tions include hypersensitivity, trauma, 
coagulopathy, anticoagulant use, stroke 
in the past three months, or blood pres-
sure greater than 180 mm Hg systolic 
or 110 mm Hg diastolic.19 TPA has been 
used successfully in remote areas out-
side the hospital setting.19 Heparin or 
low-molecular-weight heparin may be 
considered for adjunctive therapy.16,24,27 
Iloprost (Ventavis), a vasodilator that 
prevents clot formation, has been ben-
eficial in severe cases up to 48 hours 
after rewarming.29 Peripheral nerve 
blocks and/or hyperbaric oxygen ther-
apy may also be beneficial.19,30 Early 
amputation should be avoided;  com-
plete injury demarcation may take one 
to three months.16 Magnetic resonance 

FIGURE 2

Algorithm for the treatment of frostbite. (99m Tc = technetium-99m pyro- 
phos phate.)

Information from references 18, 19, and 21-25.

Grade II/superficial 
frostbite

Treatment is unclear

Higher altitudes (4,000 m 
[13,000 ft]) and hypox-

emia increase the risk of 
poor outcomes; consider 
treating as grade III or IV 

in these scenarios

Frostbite suspected

Treat hypothermia

Prevent refreezing

Protect from further trauma

Rapid rewarming via bath (98.6 to 102.2°F [37 to 39°C])

Grade I/superficial 
frostbite

Ibuprofen, hydration, 
wound management

Tetanus prophylaxis 
per routine guidelines; 
antibiotics if open or 

dirty wound

Consider 99mTc scintig-
raphy within 48 hours 

of injury

Close follow-up

Grade III or IV/deep frostbite

Rewarming within 24 hours 
and no contraindications to 

tissue plasminogen activator?

Ibuprofen, hydration, wound management

Tetanus prophylaxis per routine guidelines; 
antibiotics if open or dirty wound

Surgical consultation

99mTc scintigraphy 
within 48 hours

No 

Angiography or 
99mTc scintigraphy 
immediately, then 
tissue plasmino-

gen activator 

Yes 
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angiography and 99mTc scintigraphy can help pre-
dict surgical margins.16,23 Ideally, frostbite should 
be managed at facilities where rapid rewarming, 
imaging, and further thrombolytic treatment can 
be performed.

Nonfreezing Cold Injuries
IMMERSION FOOT

Immersion foot (also called trench foot) is a non-
freezing injury that occurs with prolonged expo-
sure (typically two to three days) to wet conditions 
above 32°F (0°C).24 Symptoms typically present in 
four phases. Patients initially have numbness and 
a feeling of “walking on wood blocks” with pale 
or white skin from vasoconstriction. Once cold 
exposure is removed, the skin may become blue 
and mottled, with continued numbness followed 
by intense pain and erythematous or edematous 
skin.31 The posthyperemic phase ranges from sev-
eral weeks to years and is associated with senso-
rimotor and autonomic deficits.

Treatment begins with moving the patient to a 
warm, dry environment and preventing or treat-
ing hypothermia. Pressure, including walking, on 
the affected limb should be avoided. The extrem-
ity should be elevated above the heart and allowed to air dry 
at room temperature;  rapid rewarming may lead to further 
injury.24,31 Controlled studies on pain management are lim-
ited. Amitriptyline, beginning with 10 mg at night and titrated 

to 75 mg, is more effective for pain control than nonsteroidal 
anti-inflammatory drugs or opioids.24,32 Immersion foot can 
be prevented with frequent changing of wet footwear and 
remaining active to maintain circulation in the extremities.12

PERNIO

Pernio (also called chilblains) is a nonfreezing injury char-
acterized by localized inflammatory lesions that most com-
monly affect the hands or feet within 24 hours of exposure 
to damp environments (Figure 3). Young women, people 
with a body mass index less than 25 kg per m2, and people 
with systemic lupus erythematosus are at higher risk.33,34 The 
pathophysiology is not well understood.34 Lesions typically 
present as purple or erythematous papules that may become 
edematous.33 Associated symptoms include paresthesia, pru-
ritus, and pain.34 Prevention and treatment involve smoking 
cessation and adequate protection from cold.33 Lesions may 
persist for weeks to months before resolving spontaneously. 
Tissue loss is uncommon, but scarring may occur.34 Nifed-
ipine, vasodilators, and topical corticosteroids may reduce 
pain, prevent new lesions, and promote healing, but con-
trolled studies are limited.33

This article updates a previous article on this topic by 
McCullough and Arora.7

Data Sources:  A PubMed search for evaluation and treatment of 
hypothermia, frostbite, immersion foot, and non-freezing cold 

SORT:  KEY RECOMMENDATIONS FOR PRACTICE

Clinical recommendation
Evidence 

rating Comments

Rewarming frostbitten tissue 
should be avoided if there is a risk 
of refreezing.16

C Consensus guidelines 
in the absence of clini-
cal trials

Ibuprofen (12 mg per kg divided 
into two daily doses) should be 
given for frostbite until the wound 
heals or surgery is performed.16

C Consensus guidelines 
in the absence of clini-
cal trials

Tissue plasminogen activator 
decreases the risk of amputa-
tion if started within 24 hours of 
rewarming in patients with grade 
III/IV or deep frostbite.16,19,22,27 

B Limited clinical trials 
with outcomes of 
reducing amputation 

Rapid rewarming of nonfreezing 
cold injuries (i.e., immersion foot) 
should be avoided.24,31

C Consensus guidelines 
in the absence of clini-
cal trials

A = consistent, good-quality patient-oriented evidence;  B = inconsistent or limit-
ed-quality patient-oriented evidence;  C = consensus, disease-oriented evidence, 
usual practice, expert opinion, or case series. For information about the SORT 
evidence rating system, go to https:// www.aafp.org/afpsort.

FIGURE 3

Pernio (chilblains).

Image used with permission from VisualDx.
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injury was performed. The search was limited to English-only 
human studies published since 2008. We also used references 
from articles identified by the search. Last search date:  July 2019.

The opinions and assertions contained herein are the private 
views of the authors and are not to be construed as official or as 
reflecting the views of the U.S. Army Medical Department or the 
U.S. Army Service at large.
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