
MILITARY MEDICINE, 172, 5:560, 2007
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Case Report
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We describe a case of frostbite to all fingers of a mountain
climber, treated with hyperbaric oxygen (HBO). All fingers
eventually healed to full function, with only some cosmetic
deformity to the tip of the most severely affected finger. Be-
cause few cases of frostbite treated with HBO have been re-
ported, we hope that such case reports will stimulate future
research in this area. It is hoped that multiple anecdotal cases
may help guide future research in this area. Sequential digital
photographs were taken at various stages of healing during
HBO treatments. We raise the possibility of photographic tech-
niques and standards that may facilitate planning of therapy
for frostbite with improved treatment comparisons, resulting
in more consistency in the future. For example, a graphical
software application is described that allows morphing of se-
quential images to demonstrate healing progress in a concise
movie format. The morphing allows concise demonstration of
healing to the referring provider and patient and helps in
teaching and research on frostbite treatment outcomes.

Introduction

Military operations have suffered with frostbite throughout
history. The United States has not been immune from this

malady, with cases during the Revolutionary War, World War I,
World War II, and the Korean War. Frostbite has not been lim-
ited to outright warfare, with cases routinely seen in colder
climes.1 During a 2-year period in Alaska, 98 men suffered cold
injury. Compared with a control group without injury, smoking,
excessive sweating, previous cold injury, being African Ameri-
can, and being raised in the South proved to be risk factors. In
the same study, finger injuries were a consistent problem, rang-
ing from 21% to 38% of all frostbite cases. Not infrequently,
long-term disability can result. Of 40 patients who returned for
6-month follow-up evaluations, 65% demonstrated persistent
symptoms, including cold sensitivity, paresthesias, numbness,
pain, and hyperesthesia.2 Therefore, it is prudent to make every
effort to prevent frostbite or at least to minimize its effects. Our
case involves a young, healthy, female subject who experienced
frostbite to most of her fingers, which was treated by using
hyperbaric oxygen (HBO) therapy.

Case Report

Patient History
Our case involves a 28-year-old, healthy, female climber who

experienced frostbite because of a series of events caused by
severe unexpected weather. She did not have a significant med-
ical history and denied thyroid or other metabolic disorders.

There was no history of smoking or significant occupational
exposure. The patient had extensive mountaineering experience
and training. She was in excellent physical condition and trained
in climbing, and she exercised regularly.

In February 2003, the patient was one of a team of four who
had the intention of hiking up to the 10,000-foot camp on Mount
Rainier in the Cascade Range in Washington State. One of the
climbers had recently hiked to the camp shelter. The patient was
training for a climb on Mount McKinley (also known as Denali)
in Alaska, to be accomplished at a later time. The first day of the
climb, there was light snow in the morning but no significant
weather forecast to call a no-go. The team stopped climbing at
an altitude of 9,200 feet to camp before dark. The snow was too
hard at the altitude to which they had climbed for digging a
snow cave; therefore, they made a flat platform for sleeping on
the snow. The patient slept in a bivy sac (a personal shelter used
as a waterproof barrier).

On the second day of the climb, the team decided to descend
but could not because of low visibility. The team dug a snow
cave for that night. The patient’s gloves had gotten soaked while
she was digging the snow cave; this was the first time she
recalled her fingers seeming to be cold. As time went on, dex-
terity decreased to the point that the patient could not tie her
bootlaces, making frostbite seem a reality for the first time. The
entire team was very cold and therefore continued digging (to
help keep warm, while carefully avoiding overexertion) despite
the wetness.

On the third day, the team decided to stay at the snow cave
location and spend the day rehydrating, eating, and resting. The
patient decided to thaw her fingers that day, to obtain dexterity
for descent. It was excruciatingly painful and took a while. She
was aware of the potential danger of thawing and refreezing
but thought that the benefit of dexterity outweighed the re-
freezing risk. On the fourth day, the team was rescued, and
the patient was taken directly to the hospital from the moun-
tain by ambulance.

The patient presented with all fingers of both hands involved;
however, only three had turned black, representing dry eschar
on the tips (Fig. 1); the rest were gray/white (no photographs
were taken before the fingers turned black). It was determined
by physical examination at presentation that the fingers had not
refrozen, based on the appearance and temperature of the fin-
gers. There was an ashen-gray phase that did not last long, and
the fingers that turned black did so within 48 hours. It is diffi-
cult to establish the exact time of frostbite onset in this case.
Another member of the team had one finger moderately frost-
bitten, with unknown outcome. The frostbite was of the slow-
freezing type (extracellular ice crystal formation), with the high
altitude likely facilitating and/or exacerbating the frostbite.

Uniformed Services University of the Health Sciences, Bethesda, MD 20814-4799.
This manuscript was received for review in April 2006. The revised manuscript was

accepted for publication in November 2006.

Military Medicine, Vol. 172, May 2007 560

D
ow

nloaded from
 https://academ

ic.oup.com
/m

ilm
ed/article-abstract/172/5/560/4578253 by guest on 19 O

ctober 2018



Treatment and Follow-Up Care
After initial primary-care treatment (the patient was released

to a warm environment with gauze wrap and aloe gel), the
patient was able to obtain HBO treatments because of newly
acquired medical benefits, through commissioning in the Public
Health Service. Approximately 2 weeks later, the patient started
HBO treatments. Figures 2 and 3 depict the healing progress.
Supporting information that led to HBO therapy was the finding
that delayed treatment using HBO could be beneficial, accord-
ing to Finderle and Cankar.3 Also, no reports of adverse effects
or contraindications for HBO were known. The patient received
a total of 21 treatments over 3 months.

All of the patient’s fingers recovered to normal, except that
one remains slightly misshapen. No fingers required amputa-
tion; however, HBO physicians performed some debriding of
superficial tissue after the first few weeks of treatment. The
patient maintains normal neurological motor function and only
mildly decreased sensation (hardly noticeable except under cold
conditions) on the tip of the misshapen finger.

Discussion

Frostbite is a direct freezing of tissues. In the more-dramatic
rapid freezing (cooling rates of �10°C per minute), intracellular
ice develops, proteins denature, enzyme systems unravel, and
cells die. In contrast, the more commonly encountered slow
freezing is characterized by vasoconstriction, extracellular ice
crystals, and blood vessel dysfunction. The extracellular ice
creates a hyperosmolar environment, favoring intracellular de-
hydration and interstitial edema. At the same time, the endo-
thelium becomes leaky, permitting plasma extravasation and
causing intravascular dehydration and red blood cell stasis/
sludging. Eventually, arteriovenous shunting ensues, with tis-
sue hypoxia and devitalization. This is not the sole source of
frostbite damage. During rewarming and reperfusion, the endo-
thelial injury is exacerbated, causing progressive edema, intra-
vascular thrombosis, interstitial hemorrhage, and leukocyte
infiltration. The result is a rapid disappearance of functioning
arterioles and venules.4

Frostbite treatment consists of rapid rewarming, gentle wound
care, tetanus prophylaxis, and smoking prohibition, with occa-
sional use of low-molecular weight dextran, intra-arterially admin-
istered reserpine, and surgical sympathectomy. Natural demarca-
tion of dead tissue with close monitoring for infection is allowed;
extensive surgical debridement is strongly discouraged.

HBO may well aid frostbite recovery. HBO therapy has been
used for frostbite injuries in the past5,6; however, without a case
series, review of multiple anecdotes can help guide further re-
search in this area. HBO increases red blood cell deformability,
which reduces sludging.7 It decreases edema, decreasing the
overall tissue pressure. At the same time, oxygenation is im-
proved because more molecules are delivered over a wider dif-
fusion area.8 Leukocyte adhesion is interrupted, with conse-
quent reduction in lipid peroxidation and tissue damage.9,10

Functioning capillary density increases.10 The overall effect
should be better perfusion, delivering greater amounts of oxygen
to ischemic cold-injured tissues.

A limited literature review suggests that HBO may be a useful
therapeutic adjunct. Between 1963 and 1971, 14 cases were

Fig. 2. Photograph of the hands on May 18, 2003. Dramatic improvement over
the initial photographs in Figure 1 are noted. The only finger in significant need of
soft-tissue healing was the right third digit.

Fig. 3. Healed fingers of the right hand on February 9, 2006. The most severely
affected finger of this patient (the third digit on the right hand) remains misshapen
to this day, but with full function and only minimal neurological compromise in
sensation.

Fig. 1. Photograph of the right hand and the third and fourth digits of the left
hand on March 20, 2003 (the start of HBO therapy). The most severely affected
fingers included the right third and fourth digits and the left fourth fingertip. There
was a well-marginated demarcation between the black eschar of those fingers and
the adjacent normal skin.
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reported. Ledingham11 mentioned two cases (one severe) in
1963. A year later, Smith12 noted another (also severe). Both
physicians treated the patients with 2 atmospheres absolute
(ATA). In 1965, Perrin and Bissonnette13 used 4 ATA (45 minutes
twice daily for 11 days) for a particularly severe case of frostbite;
“both legs were hard, white and frozen up to the knee level.”
Only superficial skin sloughing around the toes was observed,
and the patient returned to work within 3 months.13 Two more
cases were added in 1966, five in 1968, and three in 1971.14 Of
particular interest were four cases of mountaineering injury.
Despite a delay of 5 to 10 days, HBO was deemed therapeutic.15

These reports prompted a flurry of animal work. Okuboye and
Ferguson16 used a rabbit foot model frozen in an ethylene gly-
col/ethanol bath, followed by active rewarming. Control animals
had 75% tissue loss. The HBO group treated with 3 ATA (2 hours
daily for 5 days) demonstrated maximal benefit, with tissue loss
minimized to only 25%. Even with a 24-hour delay to treatment,
benefit was seen.16 Gage et al.17,18 used a similar rabbit foot
model frozen in an absolute alcohol bath, followed by either
passive or active rewarming. No demonstrated difference be-
tween the HBO (2.5 ATA; 90 minutes daily for 7 days) and
non-HBO groups was observed.17,18

Until 2001, only 14 cases of HBO-treated frostbite had been
reported, one with spectacular results. Five animal studies had
been performed. Only one study, favorable to HBO, seemed to
mimic the more-common slow-freezing injury, cooling at �5°C/
min to �20°C.16 The other experiments15,16 failed to demonstrate
HBO benefit but had much more rapid cooling rates, with a final
temperature of �30°C. These methodological disparities suggest
potentially different injury mechanisms (slow versus rapid freez-
ing), as well as different injury severities (�20°C versus �30°C).

In 2001 and 2002, two case reports of deep frostbite ap-
peared. Despite a 3-day delay, an 11-year-old boy avoided mul-
tiple planned finger amputations; he was treated with HBO at
2.4 ATA (90 minutes daily for 14 days).19 Similarly, after a
12-day delay, a 28-year-old man avoided multiple planned toe
amputations; he was treated with HBO at 2.5 ATA (90 minutes
daily for 28 sessions). In addition, vital capillary microscopy
revealed an increase in tissue capillaries from 2 capillaries per
mm2 to 12 capillaries per mm2. Our case also had a delayed
presentation of slowly acquired deep digital injuries. With HBO,
our patient recovered without sequelae. These three cases once
again raise the question of adjunctive HBO in the treatment
armamentarium for frostbite.

In addition to the novelty of our case regarding the potential
role of HBO in the treatment of frostbite, several digitized pho-
tographs of the patient’s fingers were available, and we elected
to digitally morph the images together in a time-lapsed movie
available for readers to view online (http://rad.usuhs.mil/med-
pix/multimedia_files/frostbite.avi). Several online teaching files
that allow providers to upload interesting clinical cases, includ-
ing photographs, radiographs, and movies, for teaching pur-
poses are evolving. As these databases of images and diagnostic
and therapeutic information grow, evidenced-based medicine
can include more image-driven searching for standardized
care, using appearance to supplement the textual informa-
tion. MedPix20 allows such an open-access database and is
currently being used as a storage medium for interesting teach-
ing digitized files for radiology, dermatology, and pathology (for

example). We think that morphing is a valuable teaching and
research tool to document healing. Medical image applications
of morphing were recently described.21

There may be subjective teaching advantages of morphing
sequential images. One major advantage is teaching medical
students and residents regarding healing progress. In addition,
providers can show patients potential outcomes, with examples
available on the Internet (peer-reviewed sites), based on history,
treatment, and appearance before and after treatment. This
should improve as digitized databases grow and evidenced-
based, image-guided diagnosis and therapy can be optimized.

Conclusions

There is anecdotal evidence in the literature that HBO therapy
may be a useful adjunct in the treatment of frostbite. We present
a case of frostbite of the fingers of a patient treated with HBO.
There were no adverse events with the HBO treatment, and the
patient gained full function of all fingers, with only cosmetic
defects of one finger. Because few cases of HBO-treated frostbite
have been reported (14 before 1971 and then two since 2001),
we thought this report would be of value to the literature until a
case series is reported or a large prospective study is under-
taken.

From a mechanistic viewpoint, HBO has great potential ben-
efit, with improved red blood cell rheological features, decreased
edema, improved oxygenation, interrupted leukocyte adhesion,
diminished lipid peroxidation, and increased capillary density.
However, the human data are anecdotal and the animal data are
conflicting. In toto, the literature is parsimonious at best.
Clearly, a systematic research program using animal models
and human cases is needed before HBO is deemed the standard
of care.

Contributions of cases to online teaching databases may al-
low for refined diagnosis and treatment based on images of
cases, with reports of healing experiences associated with the
images. Standardized photographic techniques may facilitate
searching for similar cases and eventual compilation of treat-
ment results and expectations.

Lastly, we present an example of a novel application of mor-
phing of image data to document the sequential healing over
time in a single video file. Although there is no current proven
added clinical value, morphed images may allow optimal
guidance regarding treatment options and patient and pro-
vider education.
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