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Management of severe frostbite with iloprost, alteplase
and heparin: a Yukon case series

Alexander Poole MD, Josianne Gauthier MScPharm, Mira MacLennan MD

Background: We identified the need to modernize frostbite management in our northern centre and implemented a treatment
protocol in 2015. Our aim was to describe the clinical course of patients presenting to the hospital since the implementation of
the protocol.

Methods: This was a retrospective case series from Whitehorse General Hospital, Whitehorse, Yukon Territory, Canada. We
reviewed the charts of patients who presented to the hospital with grade 2—4 frostbite and were treated as per our protocol between
Feb. 9, 2015, and Feb. 8, 2020. Patients with grade 2—4 frostbite received iloprost; in addition, those with grade 4 frostbite received
alteplase and heparin. We determined the number of digits affected and salvaged, and the time from presentation to the emergency
department to treatment initiation. We also examined patients’ demographic characteristics, predisposing events, frostbite severity
and adverse drug reactions.

Results: In 22 patients treated for grade 2—4 frostbite, 142 digits were affected: 59 with grade 2 frostbite, 25 with grade 3 frostbite
and 58 with grade 4 frostbite; of the 142, 113 (79.6%) were salvaged. All 29 digits amputated had grade 4 frostbite. The mean time
from presentation to iloprost initiation was reduced from 32.9 hours in 2015 to 3.0 hours in 2020. Sports (10 cases [45%)]) and alcohol
use (6 [27%]) were the most common precipitating events, with alcohol use tending to result in more severe injury (grade 4 in 5 of
6 cases). Adverse reactions with iloprost (e.g., headache) were common but mild. Adverse reactions with alteplase (e.g., bleeding)
were less common but of greater clinical significance.

Interpretation: Over the study period, our protocol contributed to improvement in frostbite care at our institution, resulting in a digit
salvage rate comparable to other published results. Our 5-year experience shows that advanced medical care of frostbite can be
achieved, even at a rural centre.

rostbite can occur in cold climates, affecting a range

of patients from those who are homeless or unwell, to

athletes in extreme sports events. The impact of
severe frostbite can be debilitating. Frostbite injuries are a
result of an initial extracellular freezing injury followed by a
reperfusion injury due to vasoconstriction and microthrom-
bosis in affected tissues." The severity of injuries can range
from mild to severe. A grading system developed by Cauchy
and colleagues®® describes grade 1 to grade 4 frostbite. The
higher the grade, the more proximal the cyanotic changes in
the digits, and the higher the amputation rate.

The foundations of frostbite treatment have included rapid
rewarming? and antithromboxane agents such as aloe vera for
topical use and ibuprofen.” More recently, vasodilators and
thrombolytics have been promoted to address the reperfusion
injury caused by vasoconstriction and thrombosis.®?® Begin-
ning in the 1990s, a growing body of evidence has popularized
the use of iloprost in frostbite, first in Europe and now in
Canada . &111516212427 Tloprost, a synthetic prostacyclin ana-
logue, is a potent vasodilator that inhibits platelet aggregation
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and enhances fibrinolytic activity by releasing endogenous tis-
sue plasminogen activator.”’ To our knowledge, there is a sin-
gle randomized controlled trial published to date showing the
benefit of iloprost combined to alteplase and heparin.

We developed and implemented a frostbite treatment pro-
tocol and preprinted orders at our institution based on the
best available evidence in February 2015. The aim of the pres-
ent study was to describe the demographic characteristics,
treatment course and clinical outcomes of patients treated as
per our protocol.
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Study setting, design and participants
This was a single-centre retrospective series of cases in
Whitehorse, Yukon Territory, Canada. The Yukon extends
from 60°N to almost 70°N latitude. It has expected tempera-
tures below —40°C every winter from November to April.
Whitehorse, the capital, attracts elite athletes for extreme out-
door winter sporting events. Given this environment, we
identified the need to modernize our frostbite management
and implemented a treatment protocol and preprinted orders
based on the best available evidence in February 2015. We
published our first 2 cases in 2016.1

We reviewed the charts of all consecutive patients aged
18 years or more who presented to Whitehorse General Hos-
pital, a rural and remote hospital, with grade 2—4 frostbite and
were treated with iloprost as per our protocol between Feb. 9,
2015, and Feb. 8, 2020. Patients who presented 72 hours or
more after rewarming were excluded.

Yukon Frostbite Protocol

After implementation of the frostbite protocol (Figure 1), sev-
eral education sessions were offered to the hospital staff and
Yukon community health care providers. Patients diagnosed
with frostbite in the emergency department underwent rapid
rewarming of the affected extremities if not previously
rewarmed. Frostbite grade was established with the visual
grading system developed by Cauchy and colleagues.”* Cases

of grade 1-4 frostbite were managed with daily hydrotherapy,
débridement and aspiration of clear blisters, topical adminis-
tration of aloe vera (Aloe Vesta ointment, ConvaTec), sched-
uled oral ibuprofen treatment and pantoprazole.

Patients with grade 2-4 frostbite who presented within
72 hours of rewarming received iloprost (Ilomedin [Bayer]),
obtained through Health Canada's Special Access Pro-
gramme, diluted at a standard concentration of 0.2 ug/mL
and initated at a rate of 10 mL/h intravenous infusion to a
maximum rate according to the patient’s weight for a total of
6 h). Patients with grade 4 frostbite who presented within
24 hours of rewarming also received alteplase (15 mg given
intravenously over 2 min, then 0.75 mg/kg [maximum 50 mg]
over 30 min, then 0.5 mg/kg [maximum 35 mg] over 60 min)
and heparin (60 units/kg given intravenously, then 12 units/kg
per hour for 6 hours, then adjusted according to the partial
thromboplastin time for 72 h) unless contraindicated.

After the protocol was implemented, we made 4 substantial
changes: 1) treat grade 2 cases with iloprost, 2) treat patients
with grade 2 or 3 frostbite in an ambulatory setting,
3) decrease the alteplase dosage (to 0.15 mg/kg over 15 min,
then intravenous infusion of 0.15 mg/kg per hour for 6 h) and
4) include pantoprazole.

Data collection

The computer pharmacy system, Meditech, was used to iden-
tify patients who had received iloprost for frostbite. The
patients’ medical records were reviewed independently by

Rapid rewarming of extremities in hot water (37°C-39°C)
with chlorhexidine and isopropyl alcohol for 30 min
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Figure 1: Yukon Frostbite Protocol. Note: PTT = partial thromboplastin time.
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2 reviewers (A.P. and J.G.). We developed a data abstraction
tool in Microsoft Excel; data extracted included patients’
demographic characteristics, frostbite severity, digits affected,
and factors known or suspected to affect frostbite treatment
outcomes:'??3 patients’ comorbidities, local environmental
temperature (based on Environment Canada data [https://
climate.weather.gc.ca/]), body temperature, duration of cold
exposure, predisposing event, time from presentation to the
emergency department to rewarming, and time from presen-
tation to treatment. Adverse drug reactions were also noted.
Discrepancies in data collection were evaluated by a third
independent reviewer (M.M.). When discrepancies still
existed, the 3 reviewers met to review chart data further and
achieve consensus.

Outcomes

The primary outcome was the number of digits salvaged com-
pared to the number of digits affected. We also examined
whether there was a correlation between the environmental
temperature or duration of cold exposure with frostbite sever-
ity, adverse drug reactions and time from presentation to
treatment initiation.

Statistical analysis
We performed descriptive statistical analysis using Excel, ver-
sion 16.16.22. We performed 1-way analysis of variance using

SPSS software, build 1.0.0.1347 (IBM Corporation).

Ethics approval

The Yukon Frostbite Protocol was approved by the Yukon
Hospital Corporation Ethics Committee before implemen-
tation. The preprinted orders were approved by the Phar-
macy and Therapeutics Committee and Medical Advisory
Committee. Permission to review the patients’ medical
records was obtained from the Yukon Hospital Corporation
Ethics Committee.

From Feb. 9, 2015, to Feb. 8, 2020, Whitehorse General
Hospital received and treated 23 patients with a diagnosis of
grade 2—4 frostbite. One patient was excluded from this case
series as there was uncertainty as to whether an acute frostbite
injury had occurred. This patient presented with fissured and
blackened toes that were ischemic and dusky. The patient was
transferred to a referral hospital out of territory owing to
other medical conditions requiring a higher level of care. The
demographic and clinical characteristics of the remaining
22 patients are summarized in Table 1.

Of the 22 cases, 19 (86%) occurred at a temperature of
—-21°C or colder; most cases occurred between —21°C and
-30°C. There was no significant correlation between temper-
ature and frostbite severity (p = 0.4) (Figure 2). The exact
duration of cold exposure was difficult to determine from
patients’ histories but ranged from as short as 45 minutes to
64 hours. There was no significant correlation between the
duration of cold exposure and frostbite severity (p = 0.4). Pre-
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Table 1: Demographic and clinical characteristics of patients
with grade 24 frostbite
No. (%) of patients*
Characteristic n=22
Age, mean + SD, yr 39+ 14
Sex, male 17 (77)
Comorbidities
Tobacco smoking 7 (32)
Alcohol use disorder 7 (32)
Local environmental temperature at time -31+10
of injury, mean + SD, °C
Body temperature at presentation to 36.2 + 1.6
emergency department, mean + SD, °C
Duration of cold exposure, mean + SD, h 20+ 18
Freeze—thaw-refreeze cycle 2(9)
Precipitating event
Sport 10 (45)
Alcohol use 6 (27)
Car accident/breakdown 3(14)
Work/labour 2(9)
Psychiatric disorder 1(4)
Frostbite grade
2 10 (45)
3 5(23)
4 7 (32)
Limbs involved
Feet 12 (54)
Hands 6 (27)
Feet and hands 4 (18)
Note: SD = standard deviation.
*Except where noted otherwise.

disposing events leading to frostbite injury fell into 3 main
categories: winter sports, alcohol use, and car accident or
breakdown (Table 1). Winter sports precipitated 10 cases
(45%); 8 of the 10 patients were participating in the Yukon
Arctic Ultra, an endurance running race that takes place every
year in February. Alcohol use precipitated 6 cases (27%),
which showed a trend toward more severe injury, with 5 of
the 6 cases being grade 4 (Figure 3).

Treatment and adverse drug reactions

The patients were managed and followed by the surgical
team. Follow-up included in-person clinic visits, telehealth
consultations or emails, and photographs. The treatment
details and adverse drug reactions are summarized in Table 2.
Although the majority of patients (13 [59%]) were rewarmed
rapidly in the emergency department, 9 patients (41%) had
passive rewarming before presentation to Whitehorse Gen-
eral Hospital. None of the passively rewarmed patients
required amputation.
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Figure 2: Frostbite severity by local environmental temperature at the time of the injury.
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Figure 3: Frostbite severity by precipitating event.
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Table 2: Treatment and adverse drug reactions
No. (%) of
Variable patients
Treatment
Rapid rewarming 13 (59)
lloprost only 9 (41)
lloprost, alteplase and heparin 4 (18)
Passive rewarming 9 (41)
lloprost only 8 (36)
lloprost, alteplase and heparin 1(4)
Treatment adjunct
Topically administered aloe vera 19 (86)
Scheduled orally administered ibuprofen 22 (100)
No. of iloprost doses received
1 2(9)
3 3 (14)
4 1(5)
5 16 (73)
Alteplase dosing (n = 5)
15 mg intravenously over 2 min, then 1 (20)
0.75 mg/kg (maximum 50 mg) over 30 min,
then 0.5 mg/kg (maximum 35 mg) over
60 min
0.15 mg/kg over 15 min, then 0.15 mg/kg per 4 (80)
hour intravenously for 6 h*
Adverse drug reactions
lloprost
Headache 11 (50)
Flushing 8 (36)
Tachycardia (heart rate > 100 beats/min) 8 (36)
Nausea 6 (27)
Vomiting 2(9)
Dizziness 2(9)
Bleeding 1(4)
Hypotension (blood pressure < 90/50 mm Hg) 1(4)
Alteplase (n = 5)
Acute intramuscular hemorrhage 1 (20)
Bleeding from wounds 1 (20)
*As of 2017.

Sixteen patients (73%) had adverse reactions with iloprost,
most commonly headache (11 [50%]), which was managed
with a decrease in the infusion rate. Flushing (8 patients
[36%]), tachycardia (8 [36%]) and nausea (6 [27%]) were the
next most common reactions and were managed symptomati-
cally. One patient (4%) had frank bleeding below the eye after
iloprost infusion, but this may have been due to a recent phys-
ical altercation. This patient was also receiving venous throm-
boembolism prophylaxis with dalteparin. Another patient
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receiving iloprost daily developed a perforated duodenal ulcer
on hospital day 5. The patient was receiving scheduled ibu-
profen and was not receiving any gastric-protecting agent.

Five patients received alteplase and heparin in addition to
iloprost, 2 of whom had adverse reactions: an acute intramus-
cular hemorrhage in 1 patient and bleeding from wounds in
the other; both required blood transfusion.

Outcomes

There were 142 affected digits, 59 with grade 2 frostbite,
25 with grade 3 frostbite and 58 with grade 4 frostbite. All
digits with grade 2 or 3 frostbite were salvaged, as were 29
(50%) of those with grade 4 frostbite, for an overall salvage
rate of 79.6% (113/142). Four patients required amputation.
All 29 digits amputated had grade 4 frostbite; the majority of
digits amputated (19) were from 1 patient.

Time to treatment

The mean time from emergency department presentation
(triage) to rewarming was 2.4 (standard deviation [SD] 3.8)
hours. The mean time from emergency department presenta-
tion to iloprost initiation was reduced from 32.9 (SD
21.9) hours in 2015 to 3.0 (SD 2.1) hours in 2020 (Figure 4).
There were only 2 years with grade 4 cases that met criteria
for alteplase treatment, 2017 and 2018. For these 2 years, the
mean time from emergency department triage to alteplase ini-
tiation decreased from 7.4 (SD 3.7) hours in 2017 to 4.6 (SD
0.1) hours in 2018.

Among patients treated with a protocol including iloprost for
grade 2-4 frostbite, and alteplase and heparin for grade 4
frostbite, our overall digit salvage rate was 80% (amputation
rate 20%). Grade 2 and 3 cases had a salvage rate of 100%,
and grade 4 cases had a salvage rate of 50%. The risk of
amputation without iloprost or thrombolysis has been
reported to be 31% for grade 2 frostbite, 67% for grade 3
frostbite and 98%-100% for grade 4 frostbite.”? Our digit sal-
vage rate is consistent with that reported by Lindford and col-
leagues,”! who obtained a rate of 74.8% using iloprost or
alteplase in their series of 20 cases.

Iloprost was well tolerated in our series, with the most
common adverse reaction being headache, in 50% of patients.
Only 1 patient receiving iloprost had bleeding, from an alter-
cation injury, but this patient was also receiving an anticoagu-
lant for venous thromboembolism prophylaxis, which may
have contributed to the bleeding. Another patient receiving
iloprost developed a perforated duodenal ulcer; this was
thought to be related to the use of ibuprofen (2400 mg/d for
5 d) without a gastric-protecting agent. Of the 5 patients who
received alteplase and heparin, 2 had bleeding requiring blood
transfusion. This was an expected risk associated with throm-
bolytic and anticoagulant use.”

In our series, more cases were related to outdoor sports
than to psychiatric illness or alcohol use. This is likely differ-
ent from what would be expected in an urban centre. We had
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Figure 4: Mean time from emergency department presentation to iloprost treatment. No iloprost was given in 2016. Error bars = standard deviation.

no cases of frostbite at temperatures above —14°C, with 86%
of cases occurring at temperatures below —20°C. This is con-
sistent with the findings of Juopperi and colleagues,*® who
showed that, in Finland, the annual incidence of frostbite
started to increase at temperatures below —15°C and was con-
siderable at temperatures below —20°C. The majority of our
cases occurred below the temperature at which Boles and col-
leagues®! found an increased risk of tissue loss, —23°C.

We observed a decrease in time to initiation of treatment
over our study period. As other authors have observed,?® we
found that having a formal protocol and preprinted orders
led to a decrease in treatment delay. Great efforts were made
to educate front-line providers in the emergency depart-
ment, community hospitals and health care centres. As
familiarity with frostbite recognition, grading and manage-
ment improved, time to treatment initiation decreased. This
is important progress, as Nygaard and colleagues?? found
that the time between rewarming and thrombolytic therapy
(warm ischemia time) was a critical window, with each hour
of delay resulting in a decrease in digit salvage of 28%.

We made 4 substantial changes to our protocol after it was
implemented. To avoid undertreatment or delayed treatment
of grade 3 frostbite, and given how well iloprost was tolerated,
we decided to treat grade 2 frostbite with iloprost. This arose
from the difficulty distinguishing some grade 3 cases from
grade 2 cases early on. We also treated many patients with
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grade 2 or 3 frostbite in an ambulatory setting (outpatient
therapy in the emergency department or critical care depart-
ment) for convenience. The third change was a decrease in the
alteplase dosage. We initially used the dosing of Cauchy and
colleagues!! but revised our dosing in February 2017 based on
the experience of the Hennepin County Medical Center in
Minneapolis.??> The revised alteplase dosing yields a smaller
total dose (16% less in an 80-kg patient). We believed that
administration would be simpler and there would be a lower
risk of adverse drug events. We also revised our protocol in
April 2018 to include the proton-pump inhibitor pantoprazole
after 1 patient experienced a perforated duodenal ulcer.

Given the risks associated with use of alteplase, this drug
should be reserved for patients at highest risk for amputa-
tion.” Iloprost can be used in patients with any level of cyano-
sis and risk of digit loss (grade 2—4 frostbite), and can be effec-
tive up to 72 hours after rewarming.** Iloprost is not currently
available commercially in Canada and can be obtained only
through Health Canada’s Special Access Programme. We
identified a single published case report on the use of the
prostacyclin epoprostenol in a patient with frostbite, at a US
institution without access to iloprost.”® Because of the limited
evidence on the use of epoprostenol in frostbite management,
we suggest that iloprost be used instead. We encourage Cana-
dian hospitals in regions where people are at risk for cold
injury to obtain access to iloprost for use in frostbite.



Limitations

Our study is limited by its retrospective nature and the limi-
tations of chart data extraction. Rewarming outside of the
hospital setting was uncontrolled, and the rewarming
method for those patients could not be evaluated. Our pro-
tocol was changed over the course of the 5-year study
period. Because there was no control group, our case series
did not allow us to verify the benefit of iloprost, alteplase
and heparin compared to no pharmacologic intervention.
Our case series also did not allow us to determine whether
the combination of iloprost and alteplase provides additional
benefit compared to either agent alone. Ideally, this question
would be addressed in a randomized controlled trial; a
national registry could serve to collect data on all frostbite
cases, standardize data selection and show whether there are
enough cases to power such a study sufficiently. Finally, as
grading of frostbite relies on subjective clinical interpreta-
tion, a study validating clinical grading compared to ad-
vanced imaging would be beneficial.

Conclusion

Our 5-year experience shows that advanced medical care of
severe frostbite can be achieved, even at a rural centre. Our
protocol reduced time to treatment and resulted in a digit sal-
vage rate comparable to other published results. Adverse reac-
tions with iloprost were common but mild. Adverse reactions
with alteplase were less common but of greater clinical import.
We believe that a frostbite protocol with a visual grading sys-
tem, preprinted orders and education of health care providers
contributed to improved frostbite care at our institution.
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