MILITARY DERMATOLOGY

IN PARTNERSHIP WITH THE ASSOCIATION OF MILITARY DERMATOLOGISTS

Cutaneous Cold Weather Injuries in

the US Military

Robert A. Kowtoniuk, DO;Yizhen E. Liu, MD; Jonathan P. Jeter, MD

PRACTICE POINTS

. Military service members are at an increased risk for
cutaneous cold weather injuries in certain circum-
stances due to the demands of military training and
combat operations.

. Cold weather may cause injury by directly damaging
tissues, leading to neurovascular disruption, and by
exacerbating existing medical conditions.

Service members of the US Military are at risk for cutaneous cold
weather injuries due to the demands of military training, combat
operations, and peacekeeping missions. In this article, we review
common cutaneous cold weather injuries likely to be encountered
in the military, including frostbite, immersion foot, pernio, Raynaud
phenomenon (RP), and cold urticaria. We aim to bring<awareness
to these specific injuries to improve diagnostic and treatment out-
comes, both in service members and civilians.
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he US Department of Defense maintains a pres-

ence in several cold weather environments such as

North Dakota, Alaska,and South Korea. Although
much is known abouttpreventing and caring for cold
weather injuries, many of.these ailments continue to
occur. Therefore, it is vital that both military and civilian
physicians who care for patients who are exposed to cold
weather conditions have a thorough understanding of the
prevention, clinical presentation, and treatment of cold
weather injuries.

Although the focus of this article is on cutaneous cold
weather injuries that occur in military service, these types
of injuries are not limited to this population. Civilians
who live, work, or seek recreation in cold climates also
may experience these injuries. Classically, cold injuries

are classified as freezing and nonfreezing injuries. For the
purpose of this article, we also consider a third category:
dermatologic conditions that/flare upon cold exposure.
Specifically, we discuss frostbite;cold-weather immersion
foot, pernio, Raynaud phenomenon (RP), and cold urti-
caria. We also present a case of pernio in an active-duty
military service member.

Frostbite
For centuries, frostbite has been well documented as a cold
weather injury in military history." Napoleon'’s catastrophic
invasion of Russia in 1812 started with 612,000 troops and
ended with fewer than 10,000 effective soldiers; while
many factors contributed to this attrition, exposure to cold
weather and frostbite is thought to have been a major
factor. The muddy trench warfare of World War I was no
kinder to the poorly equipped soldiers across the European
theater. Decades later during World War 1II, frostbite was
a serious source of noncombat injuries, as battles were
fought in frigid European winters. From 1942 to 1945, there
were 13,196 reported cases of frostbite in the European
theater, with most of these injuries occurring in 1945.!
Despite advancements in cold weather clothing and
increased knowledge about the causes of and preventa-
tive measures for frostbite, cold weather injuries continue
to be a relevant topic in today’s military. From 2015 to
2020, there were 1120 reported cases of frostbite in the
US military.? When skin is exposed to cold temperatures,
the body peripherally vasoconstricts to reduce core heat
loss. This autoregulatory vasoconstriction is part of a
normal physiologic response that preserves the core body
temperature, often at the expense of the extremities; for
instance, the hands and feet are equipped with arterio-
venous shunts, known as glomus bodies, which consist
of vascular smooth muscle centers that control the flow
of blood in response to changing external temperatures.’
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This is partially mitigated by cold-induced vasodilation
of the digits, also known as the Hunting reaction, which
generally occurs 5 to 10 minutes after the start of local
cold exposure.* Additionally, discomfort from cold expo-
sure warrants behavioral modifications such as going
indoors, putting on warmer clothing, or building a fire. If
an individual is unable to seek shelter in the face of cold
exposure, the cold will inevitably cause injury.

Frostbite is caused by both direct and indirect cellular
injury. Direct injury results from the crystallization of
intracellular and interstitial fluids, cellular dehydration,
and electrolyte disturbances. Indirect cellular injury is the
result of a progressive microvascular insult and is caused
by microvascular thrombosis, endothelial damage, intra-
vascular sludging, inflammatory mediators, free radicals,
and reperfusion injury.’

Frostnip is a more superficial injury that does not involve
freezing of the skin or underlying tissue and typically does
not leave any long-term damage. As severity of injury
increases, frostbite is characterized by the depth of injury,
presence of tissue loss, and radiotracer uptake on bone scan.
There are 2 main classification systems for frostbite: one is
based on the severity of the injury outcome, categorized by
4 degrees (1-4), and the other is designed as a predictive
model, categorized by 4 grades (1-4).° The first classification
system is similar to the system for the severity of burns and
ranges from partial-thickness injury (first degree) to full-
thickness skin, subcutaneous tissue, muscle, tendon, and
bone (fourth degree). The latter classification system. uses
the presence and characteristics of blisters after fewarming
on days 0 and 2 and radiotracer uptake on bone scan on
day 2. Severity ranges from no blistering, norindicated bone
scan, and no long-term sequelae in grade l-to hemorrhagic
blisters overlying the carpal or tarsalibones.and absence of
radiotracer uptake with predicted eéxtensive amputation, risk
for thrombosis or sepsis, and leng-term functional sequelae
in grade 4.°

Male sex and African descent are associated with
increased risk for sustaining frostbite. The ethnic predis-
position may be explained by a less robust Hunting reac-
tion in individuals of African descent.*” Other risk factors
include alcohol use, smoking, homelessness, history
of cold-related injury, use of beta-blockers, and work-
ing with equipment that uses nitrogen dioxide or CO,.
Additionally, a history of systemic lupus erythematosus
has been reported as a risk factor for frostbite.?

Clinically, frostbite initially may appear pale, blue, or
erythematous, and patients may report skin numbness. In
severe cases, necrosis can be seen.’ The most commonly
affected anatomic locations include the fingers, toes, ears,
and nose. Prevention is key for frostbite injuries. Steps
to avoid injury include wearing appropriate clothing,
minimizing the duration of time the skin is exposed to
cold temperatures, avoiding alcohol consumption, and
avoiding physical exhaustion in cold weather. These steps
can help mitigate the effects of wind chill and low tem-
peratures and decrease the risk of frostbite.!
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Management of this condition includes preven-
tion, early diagnosis, prehospital management, hospi-
tal management, and long-term sequelae management.
Leadership and medical personnel for military units
assigned to cold climates should be vigilant in looking
for symptoms of frostbite. If any one individual is found
to have frostbite or any other cold injury, all other team
members should be evaluated.®

After identification of frostbite, seeking shelter and
evacuation to a treatment facility are vital next steps.
Constrictive clothing or jewelry should be removed.
Depending on the situation, rewarming can be attempted
in the prehospital setting, but it is imperative to avoid
refreezing, as this may further damage the affected tis-
sue due to intracellular ice formation with extensive
cell destruction.® Gentle warming can be attempted
by placing the affected extremity in another person’s
armpit or groin for up’to 10 minutes or by immers-
ing the affected limb, in water that is 37° C to 39° C
(98.6° F to 102.2° F).«Rubbing the affected area and
dry heat should be avoided. It should be noted that
the decision to thaw in the field introduces the chal-
lenge of dealing with the severe pain associated with
thawing in a remote or hostile environment. Ibuprofen
(400"mg) can be given as an anti-inflammatory and
analgesic agent in the prehospital setting.” Once safely
evacuated to the hospital, treatment options expand
dramatically, including warming without concern of
refreezing, wound care, thrombolytic therapy, and surgi-
cal intervention. If local frostbite expertise is not avail-
able, there are telemedicine services available.>®

Frostbite outcomes range from complete recovery to
amputation. Previously frostbitten tissue has increased
cold sensitivity and is more susceptible to similar injury
in the future. Additionally, there can be functional loss,
chronic pain, chronic ulceration, and arthritis.”® As such, a
history of frostbite can be disqualifying for military service
and requires a medical waiver." If a service member expe-
riences frostbite and does not have any residual effects,
they can expect to continue their military service, but if
there are sequelae, it may prove to be career limiting."*

Immersion Foot

Although frostbite represents a freezing injury, immer-
sion foot (or trench foot) represents a nonfreezing cold
injury. It should be noted that in addition to immersion
foot associated with cold water exposure, there also are
warm-water and tropical variants. For the purpose of
this article, we are referring to immersion foot associated
with exposure to cold water. Trench foot was described
for the first time during Napoleon’s invasion of Russia
in 1812 but came to prominence during World War I,
where it is thought to have contributed to the deaths
of 75,000 British soldiers. During World War II, there
were 25,016 cases of immersion foot reported in the
US military.! More recently, 590 cases of immersion foot
were reported in the US military from 2015 to 2020.?
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Classically, this condition was seen in individuals
whose feet were immersed in cold but not freezing
water or mud in trenches or on boats, hence the terms
immersion foot and trench foot. The pathogenesis is thought
to be related to overhydration of the stratum corneum
and repetitive cycles of cold-induced, thermoprotective
vasoconstriction, leading to cyclical hypoxic and reperfu-
sion injuries, which eventually damage nerves, muscle,
subcutaneous fat, and blood vessels.”!®

A recent case series of 100 military service members in
the United Kingdom showed that cold-induced extremity
numbness for more than 30 minutes and painful rewarm-
ing after cold exposure were highly correlated with the
development of immersion foot. Additionally, this case
series showed that patients with repeated cycles of cool-
ing and rewarming were more likely to have long-term
symptoms.'® As with frostbite, prior cold injury and African
descent increases the risk for developing immersion foot,
possibly due to a less-pronounced Hunting reaction.*”

Early reports suggested prehyperemic, hyperemic,
and posthyperemic stages. The prehyperemic stage lasts
from hours to days and is characterized by cold extremi-
ties, discoloration, edema, stocking- or glove-distributed
anesthesia, blisters, necrosis, and potential loss of pal-
pable pulses.”” Of note, in Kuht et al’s® more recent
case series, edema was not seen as frequently as in prior
reports. The hyperemic stage can last for 6 to 10 weeks
and is characterized by vascular disturbances. In addi-
tion, the affected extremity typically remains warm. and
red even when exposed to cold temperatures. Sensory
disturbances such as paresthesia and hyperalgesia may be
seen, as well as motor disturbances, anhidrosis, blisters,
ulcers, and gangrene. The posthyperemic stage can last
from months to years and is characterized-by cold sen-
sitivity, possible digital blanching, edema, hyperhidrosis,
and persistent peripheral neuropathy.'®

Prevention is the most important treatment for immer-
sion foot. The first step in.preventing this injury is avoiding
prolonged cold exposure. When this is not possible due
to the demands of training or actual combat conditions,
regular hand and foot inspections, frequent sock changes,
and regularly rotating out of cold wet conditions can help
prevent this injury.”® Vasodilators also have been consid-
ered as a possible treatment modality. lloprost and nico-
tinyl alcohol tartrate showed some improvement, while
aminophylline and papaverine were ineffective.”

As with frostbite, a history of immersion foot may
be disqualifying for military service.'" If it occurs during
military service and there are no residual effects that limit
the service member’s capabilities, they may expect to
continue their career; however, if there are residual effects
that limit activity or deployment, medical retirement may
be indicated.

Pernio

Pernio is another important condition that is related to
cold exposure; however, unlike the previous 2 conditions,

WWW.MDEDGE.COM/DERMATOLOGY

MILITARY DERMATOLOGY

it is not necessarily caused by cold exposure but rather
flares with cold exposure.

Case Presentation—A 39-year-old active-duty male
service member presented to the dermatology clinic for
intermittent painful blistering on the toes of both feet
lasting approximately 10 to 14 days about 3 to 4 times per
year for the last several years. The patient reported that his
symptoms started after spending 2 days in the snow with
wet nonwinterized boots while stationed in Germany 10
years prior. He reported cold weather as his only asso-
ciated trigger and denied other associated symptoms.
Physical examination revealed mildly cyanotic toes con-
taining scattered bullae, with the dorsal lesions appearing
more superficial compared to the deeper plantar bullae
(Figure 1). A complete blood cell count, serum protein elec-
trophoresis, and antinuclear and autoimmune antibodies
were within reference range. A punch biopsy was obtained
from a lesion on the right dorsal great toe. Hematoxylin
and eosin—stained sections:revealed lichenoid and vacu-
olar dermatitis with scattered dyskeratosis and subtle
papillary edema (Figure 2). Minimal interstitial mucin was
seen on Alcian blue—stained sections. The histologic and
clinical findings were most compatible with a diagnosis of
chronic'pernio. Nifedipine 20 mg once daily was initiated,
andshe had minimal improvement after a few months of
treatment. His condition continued to limit his functional-
ity incold conditions due to pain. Without improvement
of the symptoms, the patient likely will require medical
separation from military service, as this condition limits the
performance of his duties and his deployability.

Clinical Discussion—Pernio, also known as chilblains, is
characterized by cold-induced erythematous patches and
plaques, pain, and pruritus on the affected skin.' Bullae and
ulceration can be seen in more severe and chronic cases.”
Pernio most commonly is seen in young women but also can
be seen in children, men, and older adults. It usually occurs
on the tips of toes but also may affect the fingers, nose, and
ears. It typically is observed in cold and damp conditions and
is thought to be caused by an inflammatory response to vaso-
spasms in the setting of nonfreezing cold. Acute pernio typi-
cally resolves after a few weeks; however, it also can persist in
a chronic form after repeated cold exposure.*®

FIGURE 1. A and B, Pernio that first occurred years prior in a soldier
who spent 2 days at a shooting range in the snow while stationed in
Germany. The skin on the toes was mildly cyanotic and there were
scattered bullae.
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FIGURE 2. A and B, Histopathologic
findings of chronic pernio observed
from punch biopsy on hematoxylin and
eosin—stained sections, which revealed
a lichenoid and vacuolar dermatitis with
scattered dyskeratosis and subtle papil-
lary edema (original magnifications x40
and X100). Reference bars indicate
600 um and 300 um, respectively.

Predisposing factors include excessive cold expo-
sure, connective tissue disease, hematologic malignancy,
antiphospholipid antibodies in adults, and anorexia ner-
vosa in children.’®?* More recently, perniolike lesions
have been associated with prior SARS-CoV-2 infection.”
Histologically, pernio is characterized by a perivascular
lymphocytic infiltrate and dermal edema.” Cold avoidance,
warming, drying, and smoking cessation are primary treat-
ments, while vasodilating medications such as nifedipine
have been used with success in more resistant cases.”**

Although the prognosis generally is excellent, this
condition also can be career limiting for military service
members. If it resolves with no residual effects, patients
can expect to continue their service; however, if it persists
and limits their activity or ability to deploy, a medical
retirement may be indicated."*

Raynaud Phenomenon

Raynaud phenomenon (also known as Raynaud’s)' is
characterized by cold-induced extremity triphasic color
changes—initial blanching and pallor that transitions to
cyanosis and finally erythema with associated pain during
the recovery stage. The fingers are the most.commonly
involved appendages and can have'a symmetric distri-
bution, but RP also has been observed.on the feet, lips,
nose, and ears. In severe casé€s, it'.can cause ulceration.”
The prevalence of RP may be.as high'as 5% in the general
population.?® It more commonly is primary or idiopathic
with no underlying cause orsecondary with an associated
underlying systemic disease.

Cold-induced vasoconstriction is a normal physiologic
response, but in RP the response becomes a vasospasm
and is pathological. Autoimmune and connective tissue
diseases often are associated with secondary RP. Other
risk factors include female sex, smoking, family history in
a first-degree relative, and certain medications.” A study
in northern Sweden also identified a history of frostbite
as a risk factor for the development of RP.* This condition
can notably restrict mobility and deployability of affected
service members as well as the types of manual tasks that
they may be required to perform. As such, this condition
can be disqualifying for military service."!

Many patients improve with conservative treatment
consisting of cold avoidance, smoking cessation, and
avoidance of medications that worsen the vasospasm;
however, some patients develop pain and chronic disease,
which can become so severe and ischemic that digital
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loss is threatened.”® When needed, calcium channel
blockers commonly are used for treatment and can be
used prophylactically to reduce flare rates and severity of
disease. If this class of medications is ineffective or is not

tolerated, there are other medications and treatments to
consider, which are beyond the scope of this article.”

Cold Urticaria
Cold urticaria is a subsetwof physical urticaria in which
symptoms occur in response to a cutaneous cold stimu-
lus. It can be primary or secondary, with potential
underlying'causes including cryoglobulinemia, infections,
and some.medications. Systemic involvement is pos-
sible with extensive cold contact and can include severe
anaphylaxis. This condition is diagnosed using a cold
stimulation test. Cold exposure avoidance and second-
generation antihistamines are considered first-line treat-
ment. Because anaphylaxis is possible, patients should
be given an epinephrine pen and should be instructed to
avoid swimming in cold water.?® Cold urticaria is disquali-
fying for military service.™

A 2013 case report described a 29-year-old woman on
active duty in the US Air Force whose presenting symptoms
included urticaria on the exposed skin on the arms when
doing physical training in the rain.* In this case, second-
ary causes were eliminated, and she was diagnosed with
primary acquired cold urticaria. This patient was eventually
medically discharged from the air force because manage-
ment with antihistamines failed, and her symptoms limited
her ability to function in even mildly cold environments.?

Final Thoughts
An understanding of cold weather injuries and other
dermatologic conditions that may be flared by cold expo-
sure is important for a medically ready military force, as
there are implications for accession, training, and combat
operations. Although the focus of this article has been
on the military, these conditions also are seen in civilian
medicine in patient populations routinely exposed to cold
weather. This becomes especially pertinent in high-risk
patients such as extreme athletes, homeless individuals,
or those who have other predisposing characteristics
such as chronic alcohol use. Appropriate cold weather
gear, training, and deliberate mission or activity planning
are important interventions in preventing cutaneous cold
weather injuries within the military.

CONTINUED ON PAGE 202
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