











ITI. Cold Injuries: Hypothermia and Frostbite

Classification of Hypothermia

Initial Assessment and Management
— The re-warming process
Classification of Frostbite

Initial Assessment and Management
- The re-warming process
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A. Overview

Accidental hypothermia consists of an uncontrolled lowering of the body temperature
below 95°F (35°C) by exposure to cold.

Cold exposure is magnified by moisture and wind. The chilling effects on the body
are the same for exposure of 20°F air with a 40-mile per hour wind and zero degrees
with a 2 mile per hour wind. Moisture or any wetness of the body will increase the
rate of heat loss by 100 fold.

Hypothermia in cold water can occur in seconds compared to minutes to hours with
cold air.

When the core (body) temperature drops below 89°F (32°C) the patient may appear
dead, as pulse and respirations will be difficult to detect.

Frostbite often occurs in a hypothermia victim. In frostbite, skin and muscle freeze.
However, frostbite can occur in the absence of hypothermia and vice versa.
Therefore, the two processes will be described separately.

B. Hypothermia (Exposure)

The initial body response to a dropping temperature is to produce more heat by
shivering. As that fails and temperature falls further the need for oxygen decreases,
as does the body’s metabolism. Initially, this is a protective mechanism: heart rate
fall, breathing decreases and brain function diminishes leading towards an
unconscious state.

However, as body temperature continues to fall, tissue damage from freezing will
occur and the heart will eventually stop and death will eventually result.

Shivering is the body’s attempt to increase body heat by muscle activity. It is
standard response when temperature starts to fall but fatigue will impair the process,
especially if no food is available.

As body temperature falls further, shivering stops and heat production is decreased
to preserve remaining body heat. Unconsciousness, drugs, alcohol, all suppress
shivering and lead to a more rapid drop in temperature.

High Risk Factors for Hypothermia

elderly or small children due to thin skin

cold environment

wet skin in modest cold

cool water exposure (heat is lost 100 times faster if skin is wet)

alcohol or drug use increasing risk of exposure and decreasing shivering
» unexpected, prolonged exposure relative to protective clothing
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Hypothermia may be classified by duration into acute (several minutes to a few
hours) to subacute (several hours to a day), chronic (one to more days).
Acutely, there is a large difference between body core and outside temperatures.
In subacute and chronic hypothermia, the differences between body core and
outside temperature is decreased.

Classification by the Environmental Cause

1. Immersion Hypothermia is usually acute or subacute and results from
immersion in cold water. A similar hypothermia can be due to exposure to cold
rain and high winds

2. Field Hypothermia occurs in previously healthy individuals such as skiers,
climbers, hunters, and hikers and may accompany injuries occurring outdoors in
cold weather.

3. Urban Hypothermia occurs in individuals with a physical predisposition,
disability or illness. Predisposing conditions include those which increase heat loss
(in infants and newborns with relatively large surface areas), or interference with
production, i.e., the elderly with impaired circulation.

4. Hypothermia occurs when the body core is accidentally cooled to below 95F. It
can be caused by exposure to cold, snow or ice.

Classification by Health Status
1. Primary Hypothermia is due to an overwhelming exposure to cold air or
water in a previously healthy person (not common)
2. Secondary Hypothermia occurs when a milder cold exposure is combined
with an impairment in the ability to generate body heat
- injury, trauma, burn
- pre-existing illness
elderly and small children
drugs, alcohol

Clinical Classification
Mild Hypothermia is defined as a body temperature between 90-95°F or 32-35°C.

Usual Characteristics:

* shivering

* anxious unless there is another factor altering consciousness
e pulse increased

* respiratory rate is normal to increased

» skin cool

e appearance overall may be normal
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Moderate Hypothermia is defined as a body temperature between 86-90°F or 30-
32°C

Usual characteristics

» shivering may be depressed

¢ somnolent, disoriented

¢ blood pressure may be normal

e respiratory rate lower than normal
e appearance pale to gray

Severe Hypothermia is defined as a bodily temperature below 86°F or 30°C

Usual Characteristics

* unconsciousness

slow pulse, often less than 10bpm or non-palpable
low or often no obtainable blood pressure
breathing may appear absent

appearance is gray to cyanotic

skin is very cold, mottled

Remember the range of a normal thermometer does not go below 90°F of
32°C

Fatal Hypothermia

It is very difficult to determine death in the hypothermic patient. Patients who
appears to have suffered a cardiac arrest from a low body temperature should not be
pronounced dead until they are re-warmed. The exception would be a pre-existing
fatal event (i.e. massive head injury) with no functions prior to development of
hypothermia.

Prevention of Hypothermia

Heat loss occurs through conduction, convection, evaporation, radiation and
respiration. Heat loss through conduction and convection can be minimized through
the use of insulation and wind proof materials. Clothing should be worn in layers to
trap several layers of still air warmed by body heat.

The best fabrics are wool, with polyester, acrylic and synthetics a close second.
Cotton has poor insulating value, especially when wet. These fabrics are worn
typically as the innermost two or three layers. Outer layers should be of “lofting”
materials, such as polyester and nylon pile and fleece. The outermost layer should be
windproof and water resistance fabric.

Heat loss by evaporation is avoided by wearing water-repellant outer garments by
drying off quickly or changing into dry clothes when wet, and by removing layers to
avoid perspiring.
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Heat loss by radiation is avoided principally by wearing a hat. Circulation to the head
is not reduced in the cold, and up to 70% of total body heat can be lost through an
uncovered head. Body parts with a large surface area to volume ratio (nose, ears,
toes and fingers) should be protected. Mittens are preferable to gloves. Tight boots
and other garments which restrict circulation should be avoided. In cold windy
weather. a face mask should be worn and in extreme conditions the individual should
seek shelter. Alcohol and tobacco should be avoided during cold exposure.

Prevention of Further Hypothermia in the Patient

¢ remove and replace the wet clothing with warm blankets

* recognize the risks of rapidly developing hypothermia in a compromised, ill or
injured patient even in a mildly cool environment

e minimize time to re-warming

Diagnosis
* Circumstances of the patients environment
- cold air environment
- cool water immersion
e History of exposure time
* Symptoms compatible with hypothermia ranging from shivering to an
unconscious state
¢ Physical findings
- low pulse
- cool skin
- gray to cyanotic appearance
- disoriented to unconscious

Treatment
The most critical phase of treatment is initiation of measures to avoid post rescue
collapse during the first 30 minutes following rescue and during transport

C. Initial Assessment and Management of Hypothermia

Airway

e standard airway management

Breathing

e assist if breathing is inadequate

¢ endotracheal intubation for severe hypothermia

e provide oxygen

Circulation

* obtain vital signs

» often difficult to palpate pulse due to vasoconstriction

¢ do not assume victim is dead until re-warmed

» check EKG for presence of rhythm

* in presence of a stable rhythm, CPR is not necessary and may actually initiate
ventricular fibrillation

e in absence of a stable or inadequate rhythm, initiate CPR

» continue CPR until patient is re-warmed

e initiate IV access and fluid therapy per protocol
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Disability
e note brain and nervous system function use A-V-P-U
* look for other causes for disability i.e. trauma, drugs, alcohol

Look for other traumatic injury or illness

D. Actions for all Patients
* Remove wet garments
* Protect against heat loss and wind chill (use blankets and insulating equipment)
¢ Maintain in horizontal position to protect against development of shock
* Avoid any rough handling or excess movement - the cold heart is very irritable
and any jolting could initiate a cardiac arrest
* Avoid a further drop in body temperature during rescue (after-drop)
- avoid muscle activity of the hypothermic victim as this can pump cold
peripheral blood from the arms and legs into the main circulation further
decreasing temperature
- if ventilatory assist is required don’t use cold ambient air if possible, as 10-
30% of heat loss comes by way of an exchange in the lungs
- best to first move to a warmer environment
e Monitor core temperature
- rectal probe
- esophageal probe
- must use low range thermometer
¢ Monitor cardiac rhythm

Management of cardiac arrest due to hypothermia is quite different from
management of normothermic arrest. The hypothermic heart may be unresponsive
to cardioactive drugs, pacemaker stimulation, and defibrillation, and drug
metabolism is reduced. Administered medications, including epinephrine, lidocaine,
and procainamide, can accumulate to toxic levels if used repeatedly in the severely
hypothermic victim.

E. Re-warming

Passive re-warming is initiated in all patients to avoid any further heat loss. This
approach is provided in the field and is effective for temperature above 92°F or 34°C
if further heat loss is prevented. Active re-warming is added in definitive care.

Passive Re-warming

¢ Removing the patient from the cold environment

¢ Keep the patient dry

* Replace wet clothing

¢ Apply external heat to both sides of the patient using whatever heat is available.
This can include the body heat of the rescuers

* Keep the patient in a warm environment

¢ Monitor core temperature, respiration and pulse

Active re-warming needs to be added for temperatures at or below 92°F or 32°C
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Active External Re-warming
¢ Re-warm in bath water of 105-110°F or 40-42°C water temperature

Active Internal Re-warming

¢ Use of warmed 1V fluids

¢ Warm humid oxygen (42-46°C)

¢ Heated inhaled air (42-46°C)

* Heart lung bypass re-warming (extra-corporeal re-warming)
Transport

Transport to the nearest appropriate emergency facility

Prognosis

Survival can be expected in 50% of patients whose core temperature drops below
32.2°C. Coexisting diseases (e.g. stroke, neoplasm, myocardial infarction) are
common and increase the death rate to 75% or more. Survival does not correlate
closely with the lowest absolute temperature reached. Death may result from
pneumonitis, heart failure or renal insufficiency.

F. Frostbite and related cold injuries

Overview

Frostbite involves freezing of tissues. Ice crystals form leading to tissue damage.
Skin and muscle are considerably more susceptible to freezing damage than tendons
and bones, which explains why the patient may still be able to move severely
frostbitten digits.

Frostbite is caused by cold exposure, whose effects can be magnified by moisture or
wind. For example, the chilling effects on skin are the same with an air temperature
of 20°F and a 30-mile per hour wind as with an air temperature of 0°F and only a 2-
mile per hour wind. Skin contact with metal or any solvent like gasoline in very cold
weather can cause virtually instantaneous freezing; skin will often stick to metal and
be lost. The risk of frostbite is increased by generalized hypothermia, which
decreases skin blood flow as part of the mechanism for preservation of core body
temperature. Two related injuries, trench foot and immersion foot, involve prolonged
exposure to wet cold above freezing (e.g.10°C). The resulting tissue damage is
produced by ischemia.

Children are at greater risk for frostbite than adults because their skin is thinner and
less weathered. Also, children lose heat from the skin more rapidly.
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Risk Factors

* Extremes of age

* homelessness

¢ Immobilization

» Exposed skin in harsh conditions
* Exposure to water or dampness
Working outdoors in the cold
Outdoor winter activities
Inadequate or tight fitting clothes
Fatigue

Altered mental status

Use of nicotine or other vasoconstriction drugs
Mountain climbing

High altitude

Previous cold injury

Diagnosis: Frostbite and related injury
Frostbite of varying degrees looks quite similar when first seen. The magnitude of
damage becomes evident with re-warming and time to demarcation.

Signs and Symptoms

¢ reddened, blue or pale cold skin

¢ puckering and painful with superficial frostbite

e blistering

e painless, numb with white waxy appearance, with deep frostbite
¢ gangrene with prolonged exposure

Common Locations
* hands

feet

skin

cheeks

nose

ears

corneas

Initial Classification
Superficial Frostbite
* only the skin and fat below the skin are frozen
e tissues beneath are still compressible with pressure

Deep Frostbite

e skin, fat and underlying tissue like muscle are all frozen
¢ the extremity or body part has a hard “wood like” feeling
» likely a third or fourth degree injury



Frostnip

A minor variant of this syndrome is a transient blanching and numbness of
exposed parts that may progress to frostbite if not immediately detected and
treated. It often appears on the tips of fingers, ears, nose, chin or cheeks and
does not lead to skin loss if re-warmed.

Cold immersion foot (or hand)

Describes a non freezing injury of the hands or feet, typically in soldiers, sailors
or fishermen, resulting from chronic exposure to wet conditions and temperatures
just above freezing, i.e. 35-50°F (1.6-10°C). Although the entire foot may appear
black, deep tissue destruction may not be present. The damage may turn out to
be skin alone after re-warming.

Chilbain or pernio is mainly a skin manifestation of chronic repetitive damp cold
exposure, as might occur in fishermen, or chronic dry cold exposure, as might
occur with mountain climbers. It typically occurs on the face, skin, or back of
hands and feet, areas poorly protected or chronically exposed to the
environment. It is characterized by itching, red-purple skin lesions. With
continued exposure, skin ulcers appear and progress to scar with itching replaced
by tenderness and pain.

Final Classification of Frostbite after Re-warming

First degree: redness and swelling without skin breakdown

Second degree: large, clear blister formation accompanies the edema with partial
thickness skin loss

Third degree: full thickness skin and fatty tissue destruction occurs commonly with
hemorrhagic vesicle formation

Fourth degree: full thickness skin destruction including muscle and bone with
gangrene

While the affected body part is initially nearly always hard, cold, white and
anesthetic, the appearance of the lesion changes frequently during the course of
treatment. Additionally, the initial treatment regimen is applicable for all degrees of
insult and the initial classification is often not prognostically accurate. The degrees of
damage are comparable to the degrees of burn injury, as opposed to a burn.
However, the final degrees of tissue destruction is usually less with cold injuries then
initial findings indicate. Some of the initially damaged tissue recovers whereas with a
burn, what you might see initially usually gets worse over time.
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Second Degree Frostbite

et

Blisters typically occur
after re-warming.
Initial appearance
would be white and
not blanching.

Treatment
¢ Remove from cold environment
e Manage the ABC's
¢ Look for other injuries or illness
¢ Begin to treat any hypothermia
¢ Remove damp or constricting clothing and replace with loose garments
¢ NO ATTEMPT SHOULD BE MADE TO RE-WARM THE FROSTBITTEN AREA IN A
COLD ENVIRONMENT
¢ Do not attempt any re-warming if there is a danger of re-freezing
¢ Avoid rubbing the affected area with warm hands or snow, as this can cause
further injury
¢ Avoid applying pressure to the frostbitten area
e Cover blisters and injured area with a soft dressing
e If the affected body part is an extremity, wrap it in a blanket for mechanical
protection during transport
¢ Avoid any medication which can enhance heat loss and impair shivering
¢ In the absence of a life threatening problem like severe hypothermia, it is better
to walk with frozen feet to a safe environment than attempting to re-warm in a
cold environment.
¢ Once removed from the cold: elevate the injured area to reduce any developing
swelling
¢ During long transport in warm air environment (60 minutes)
- can begin to re-warm by immersion of the frostbitten area in water
100-105°F
- do not use dry heat as the risk of compounding the injury is great with
any method of thawing other than immersion in warm water
- process of re-warming may take 30-45 minutes
- return of color and sensation indicates thawing
- once thawed patient cannot walk on cold injured feet
- elevate the injured area
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In-Hospital Care

The frostbitten part should be re-warmed (thawed) in a water bath or whirlpool at
around 100F for 20-30 minutes. Thawing should not be attempted until the victim
can be kept permanently warm and at rest. The risk of seriously compounding the
injury is great with any method of thawing other than immersion in warm water.
After thawing has been completed, the patient should be kept recumbent and the
injured part left open to air, protected from direct contact with sheets, clothing, etc.
Blisters should be left intact and the skin gently debrided by immersing the partin a
whirlpool bath for about 20 minutes twice daily. No scrubbing or massaging of the
injured part should be allowed, and topical ointments, antiseptics, etc., are of no
value. Very conservative debridement is recommended as some tissue recovery is
expected. Extreme care must be provided to prevent infection.

Prognosis

Prognosis for a superficial frostbite is excellent, if appropriate treatment is provided.

Some tissue loss is likely with deep frostbite.

¢ Favorable prognostic signs - Early sensation to pinprick - Healthy appearing skin
color - Clear rather than blood filled blebs

» Poor prognostic signs - Cyanosis (blue-gray color) - Bloody blebs or blisters that
do not extend to tips of digits - Frozen appearance

¢ Short Term: infection, soft tissue loss, gangrene, loss of nails

* Long Term: painful tingling sensations in the area, excessive sweating in the
area, extreme cold sensitivity, abnormal skin color, muscle atrophy, joint
stiffness, tremors.
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