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destroys the cellular architecture. Once the vascular endothelium
is damaged, stasis progresses rapidly to microvascular thrombosis.
After the tissue thaws, there is progressive dermal ischemia. The
microvasculature begins to collapse, arteriovenous shunting increases
tissue pressures, and edema forms. Finally, thrombosis, ischemia, and
superficial necrosis appear. The development of mummification and
demarcation may take weeks to months.

CLINICAL PRESENTATION

PART 19
Disorders Associated with Environmental Exposures

The initial presentation of frostbite can be deceptively benign. The
symptoms always include a sensory deficiency affecting light touch,
pain, and temperature perception. The acral areas and distal extremities are the most common insensate areas. Some patients describe a
clumsy or “chunk of wood” sensation in the extremity.
Deep frostbitten tissue can appear waxy, mottled, yellow, or
violaceous-white. Favorable presenting signs include some warmth
or sensation with normal color. The injury is often superficial if the
subcutaneous tissue is pliable or if the dermis can be rolled over bony
prominences.
Frostnip may precede frostbite. Frostnip is a nonfreezing cold injury
resulting from intense vasoconstriction of exposed acral skin.
Clinically, it is most practical to classify frostbite as superficial
or deep. Superficial frostbite does not entail tissue loss but rather
causes only anesthesia and erythema. The appearance of vesiculation surrounded by edema and erythema implies deeper involvement
(Fig. 478e-1). Hemorrhagic vesicles reflect a serious injury to the
microvasculature and indicate severe frostbite. Damages in subcuticular, muscular, or osseous tissues may result in amputation.
The two most common nonfreezing peripheral cold injuries are
chilblain (pernio) and immersion (trench) foot. Chilblain results from
neuronal and endothelial damage induced by repetitive exposure to

dry cold. Young females, particularly those with a history of Raynaud’s
phenomenon, are at greatest risk. Persistent vasospasticity and vasculitis can cause erythema, mild edema, and pruritus. Eventually plaques,
blue nodules, and ulcerations develop. These lesions typically involve
the dorsa of the hands and feet. In contrast, immersion foot results
from repetitive exposure to wet cold above the freezing point. The
feet initially appear cyanotic, cold, and edematous. The subsequent
development of bullae is often indistinguishable from frostbite. This
vesiculation rapidly progresses to ulceration and liquefaction gangrene. Patients with milder cases report hyperhidrosis, cold sensitivity,
and painful ambulation for many years.
TREATMENT	

Frostbite

When frostbite accompanies hypothermia, hydration may improve
vascular stasis. Frozen tissue should be thawed rapidly and completely by immersion in circulating water at 37°–40°C (99°–104°F).
Rapid rewarming often produces an initial hyperemia. The early
formation of large clear distal blebs is more favorable than that of
smaller proximal dark hemorrhagic blebs. A common error is the
premature termination of thawing, since the reestablishment of
perfusion is intensely painful. Parenteral narcotics will be necessary
with deep frostbite. If cyanosis persists after rewarming, the tissue
compartment pressures should be monitored carefully.
Many antithrombotic and vasodilatory primary and adjunctive
treatment regimens have been evaluated. The prostacyclin analogue iloprost in combination with aspirin may prove useful. There
is no conclusive evidence that sympathectomy, steroids, calcium
channel blockers, or hyperbaric oxygen salvages tissue.
Patients who have deep frostbite injuries with the potential
for significant morbidity should be considered for intravenous or
intraarterial thrombolytic therapy. Angiography or pyrophosphate
scanning should help evaluate the injury and monitor the progress
of tissue plasminogen activator therapy. Heparin is recommended
as adjunctive therapy. Intraarterial thrombolysis may reduce the
need for digital and more proximal amputations when administered
within 24 h of severe injuries. A treatment protocol for frostbite is
summarized in (Table 478e-4).
Unless infection develops, any decision regarding debridement or amputation should generally be deferred. Angiography or

Table 478e-4 Treatment for Frostbite
Before Thawing
Remove from environment.

Prevent partial
thawing and
refreezing.

Stabilize core temperature and treat
hypothermia.

Protect frozen
part—no friction or
massage.
Address medical or
surgical conditions.

Figure 478e-1 Frostbite with vesiculation, surrounded by edema
and erythema.

During Thawing
Consider parenteral analgesia and ketorolac.

After Thawing
Gently dry and protect
part; elevate; place pledgets between toes, if
macerated.
Administer ibuprofen (400 If clear vesicles are intact,
mg PO).
aspirate sterilely; if broken, debride and dress
with antibiotic or sterile
aloe vera ointment.
Immerse part in 37°–40°C Leave hemorrhagic
(99°–104°F) (thermometer- vesicles intact to prevent
monitored) circulating
desiccation and infection.
water containing an
antiseptic soap until distal
flush (10–45 min).
Encourage patient to gen- Continue ibuprofen
tly move part.
(400 mg PO [12 mg/kg
per day] q12h).
If pain is refractory, reduce Consider tetanus and
water temperature to
streptococcal prophylaxis;
35°–37°C (95°–99°F) and
elevate part.
administer parenteral
Administer hydrotherapy
narcotics.
at 37°C (99°F).
Consider dextran or
phenoxybenzamine or, in
severe cases, thrombolysis

