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The treatment of frostbite injuries has undergone a radical change over the past decadewith a shift from support-
ive therapy and observation towards early and aggressive medical intervention with thrombolytics and vasodi-
lators. Institutions that have implemented evidence-based protocols have significantly decreased their
amputation rates (Bruen et al., 2007; Lindford et al., 2017a; Twomey et al., 2005). We present the case of a
middle-agedmale treated for frostbite of multiple fingers on both hands. Because there was no treatment proto-
col at our institution, there were multiple delays in the patient's care including imaging and initiation of intrave-
nous (IV) prostanoids. This case illustrates the deleterious effects of delays in treatment and strongly suggests
that all facilities located in areas of cold exposure should have protocols in place for such an occurrence.
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1. Introduction

Frostbite is a tissue injury, typically of the digits, and sometimes the
face, which occurs due to cold exposure. Freezing injuries can be
sustained in varied environments, from thewildernesswhere outdoors-
menmay be exposed to prolonged cold to urban settingswhere laborers
or homeless individuals may spend extensive time outside in winter
weather [4,5].

Treatment begins with rewarming, wound care, and analgesia. His-
torically, this was the extent of intervention until weeks after the injury
when affected digits either recovered or were amputated. Recent ad-
vances in understanding of the pathophysiology of frostbite injury
have led to a more proactive approach to management. Several hospi-
tals including the University of Utah Health Center, Helsinki University
Hospital, and Hennepin County Medical Center in Minnesota pioneered
protocols centered around the early administration of intra-arterial (IA)
thrombolytic therapy [1-3]. Studies from each institution have demon-
strated decreased rates of amputation and improved patient outcomes
with such treatment. As a result, early thrombolytic therapy has become
the standard of care for severe frostbite injury [1-3]. There is also evi-
dence that prostacyclins such as iloprost have comparable digital sal-
vage rates and should have a role in treating frostbite injuries [2,6].
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2. Case presentation

A 47-year old Hispanic male, with a history of opioid use disorder,
homelessness, HIV, and untreated hepatitis C, was transported to the
emergency department (ED) with cold exposure and frostbite in both
hands precipitated by a period of record breaking sustained cold in
the northeastern United States.

Initial evaluation demonstrated frostbite injuries to both handswith
hemorrhagic bullae extending over the intermediate and proximal pha-
langes of digits 3–4 on the left hand and digits 2–5 on the right (Fig. 1).
There was also a non-hemorrhagic blister over the plantar surface of his
right foot. The hand injuries were associated with significant pain and
decreased sensation in the affected digits. The foot injury caused no
pain, discomfort, or sensory change. The patient received immediate
wound care and pain control.

Because therewas no established protocol for the treatment of frost-
bite at the hospital, therewere persistent delays in care. On day two, ap-
proximately 48 h after admission, the patient underwent a technetium-
99 bone scanwhichdemonstrated preservedflow in the digits of the left
hand. In contrast, there was absent flow and decreased soft tissue and
bone uptake in themajority of the right fifth digit, as well as the middle
and distal portions of the fourth digit. Based on these findings, nifedi-
pine and sildenafil were initiated for vasodilation.

On the fourth day of hospitalization, for further vasodilation, IV
epoprostenol was initiated in accordance with an established hospital
protocol for treatment of severe Raynaud's phenomenon and digital is-
chemia secondary to scleroderma. Epoprostenol was uptitrated to 6
ng/kg/min, the maximum dose tolerated by the patient. Per that
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Fig. 1. Severity of frostbite at time of admission (day 0), at time of epoprostenol initiation (day 4), at time of epoprostenol completion (day 9), and on day of discharge (day 15). Dorsal and
palmar views are shown of the right (R) and left (L).
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protocol, after five days of treatment, epoprostenol was tapered and
discontinued. Despite visual improvement of both hands with
epoprostenol treatment, post-intervention bone scan on day 14 demon-
strated bonenecrosis in the distal phalanx of the left fourth digit,middle
and distal phalanges of the right fifth digit, middle and distal phalanges
of the right fourth digit, and distal phalanx of the third digit of the right
hand.

The patient was discharged after a 15-day hospitalization to a med-
ical respite facility for ongoing wound care, occupational therapy, and
further evaluation and care by Orthopedic Surgery.

3. Discussion

This case of severe frostbite highlights the deleterious effects of de-
lays in treatment and lack of an established treatment algorithm
reflecting changes in therapeutic approach that have evolved over the
past decade. The prior approach to treatment, described by the adage
“frostbite in January, amputate in July”, was largely supportive and ob-
servational [1]. Intervention was delayed until the extent of the injuries
became apparentmonths later, with necrotic areas undergoing amputa-
tion. However, there now exists a substantial body of literature
supporting early interventions to produce better outcomes for patients
affected by frostbite.

Because frostbite injuries are largely due to local thrombosis, the
mainstay of modern treatment is thrombolytic therapy [1-4,7-12]. Pro-
tocols developed at the University of Utah Health Center and Helsinki
University Hospital use invasive digital angiography to determine the
extent of injury followed by the administration of IA tPA and heparin
within 24 to 48 h of exposure [1,2,13]. A similar protocol fromHennepin
County Medical Center in Minnesota uses a technetium-99 bone scan
for initial imaging followed by either IA or IV tPA [3]. The duration of
thrombolytic therapy is guided by repeat imaging to determine
whether perfusion has been successfully restored [1-3]. If there are
signs of persistent vascular compromise on repeat imaging, tPA is con-
tinued for a maximum of 12 to 48 h, with heparin continued for 2 to
4 h after tPA is discontinued [1-3]. At theUniversity of Utah, frostbite pa-
tients treated per the institution's protocol for thrombolytic therapy had
a digital amputation rate of only 10% compared to a rate of 41% in pa-
tients treated conservatively [1]. The University of Helsinki and Henne-
pin County Medical Center reported amputations rates of 25% and 19%
respectively after the institution of their thrombolytic-based treatment
protocols [2,3].

The Helsinki protocol also incorporates the use of IV iloprost, a pros-
tacyclin analogwhich causes vasodilation, in cases inwhich there are ei-
ther contraindications to thrombolysis or incomplete responses to tPA
[2]. Several case reports and series have also reported the use of iloprost
either alone or following tPA [7,9,14,15]. Cauchy, et al. compared ampu-
tation of at-risk digits in patients treated with IV iloprost alone versus
iloprostwith tPA, and foundamputation rates of 0 and3.1%, respectively
[6].

Because IV iloprost is not available in the United States, substituting
IV epoprostenol might be a reasonable alternative. Epoprostenol is a
prostacyclin currently used intravenously for treatment of pulmonary
arterial hypertension [16] and digital ischemia associated with severe
Raynaud's phenomenon secondary to scleroderma [17]. To our knowl-
edge, there are no reports of treating frostbite with epoprostenol. De-
spite some improvement in this patient's digits with this treatment
(Fig. 1), the overall outcome was poorer than that reported in the
above studies. However, thismay have been due to a delay in instituting
epoprostenol rather than a failure of the medication.

Increased time from rewarming to thrombolytic therapy has been
significantly associated with amputation with a 26.8% decrease in sal-
vage for every hour of delay [18]. However, while patients with delayed
treatment do appear to have higher rates of amputation, Pandey et al.
recently reported on five patients who received IV iloprost up to 72 h
after their initial injury whose tissue loss was less than expected
[19,20]. They suggested that iloprost can be beneficial for severe frost-
bite up to 72 h after injury. It seems likely that a similar relationship
would exist between delayed initiation of epoprostenol therapy and tis-
sue loss. Further investigation, using a standardized treatment protocol
similar to the Helsinki protocol, is warranted to determine whether
epoprostenol is an effective substitute for iloprost.

In conclusion, this case illustrates the importance of early imaging
and intervention in order to successfully treat severe frostbite. While
the combination of thrombolytics and/or vasodilators that are used
may vary between institutions, timely initiation of treatment is crucial
regardless of the treatment regimen. Hospitals in cold climates should
establish triage and treatment protocols to ensure that they are pre-
pared to quickly identify and treat patients with severe frostbite, pre-
vent amputations, and, ultimately, improve patient outcomes.
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