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ABSTRACT

This Clinical Practice Guideline addresses severe frostbite treatment. We defined severe frostbite as atmospheric
cooling that results in a perfusion deficit to the extremities. We limited our review to adults and excluded cold
contact or rapid freeze injuries that resulted in isolated devitalized tissue. After developing population, intervention,
comparator, outcomes (PICO) questions, a comprehensive literature search was conducted with the help of a
professional medical librarian. Available literature was reviewed and systematically evaluated. Recommendations
based on the available scientific evidence were formulated through consensus of a multidisciplinary committee.
We conditionally recommend the use of rapid rewarming in a 38 to 42°C water bath and the use of thrombolytics
for fewer amputations and/or a more distal level of amputation. We conditionally recommend the use of

“early” administration of thrombolytics (<12 hours from rewarming) compared to “later” administration

of thrombolytics for fewer amputations and/or a more distal level of amputation. No recommendation

could be formed on the use of vascular imaging studies to determine the use of and/or the time to initiate
thrombolytic therapy. No recommendation could be formed on the use of intravenous thrombolytics compared
to the use of intra-arterial thrombolytics on fewer amputations and/or a more distal level of amputation. No
recommendation could be formed on the use of iloprost resulting in fewer amputations and /or more distal

levels of amputation. No recommendation could be formed on the use of diagnostic imaging modalities for
surgical planning on fewer amputations, a more distal level of amputation, or earlier timing of amputation.

In conjunction with the American Burn Association (ABA)
Clinical Practice Guideline (CPG) ad hoc Committee, a mul-
tidisciplinary ABA team including clinicians with experience in
frostbite management and frostbite researchers was selected to
develop CPGs for the treatment of severe frostbite in adults (218
years of age) defined as atmospheric cooling resulting in a perfu-
sion deficit to the extremities (hence referred to as severe frost-
bite). This committee includes all the listed authors for this CPG.
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PURPOSE

The purpose of this CPG is to make recommendations, based
on the available scientific literature, on the treatment of severe
frostbite. Early medical advances in frostbite treatment include
rapid rewarming, oral ibuprofen, topical aloe vera, pressure re-
lief, and wound care.!=® A major advancement in the science of
frostbite treatment occurred with the use of thrombolytics to
reduce the injury caused by reperfusion following rewarming.*
Most research on the treatment and management of frostbite
injury are limited to single-center reports from high-volume
centers.” ! However, many frostbite-injured patients present
to smaller or more rural emergency departments (EDs) and
not burn centers with expertise in managing severe frostbite
injury. The philosophy that “time is tissue” in frostbite injury
makes the rapid identification, initiation of therapy, and po-
tential transfer to a higher level of care essential to reduce sig-
nificant morbidity.!>'* To address this deficiency, we sought
to critically review the current literature and provide guidance
related to each of our developed population, intervention,
comparator, outcomes (PICO) questions.

These guidelines do not define the standard of care for
acute severe frostbite diagnosis and management and should
not be viewed as prescriptive in nature. These guidelines are
based on a systematic review and evaluation of the quality of
available evidence that address the specific PICO questions
and are intended only to help guide clinicians who care for
patients with acute severe frostbite. Bedside clinical judgment
is always prioritized in the care of an individual patient with an
acute frostbite injury.
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USERS

This CPG will be of most use to emergency personnel, emer-
gency, trauma, and burn nurses and physicians who provide
care to severe frostbite patients in the ED, Burn Intensive
Care Unit (ICU), surgical ICU, and during recovery. This
CPG can also be a reference to patients as consumers of med-
ical care.

CLINICAL PROBLEM AND SCIENTIFIC
BACKGROUND

Frostbite injury and its sequelae affects both the military and
civilian populations. The incidence of frostbite among both
populations is increasing. In the 2020,/2021 winter season,
frostbite was the most common type of cold injury among
active-duty military, resulting in a crude overall incidence of
35.4 per 100,000 person years; a greater than 25% increase
over the prior season.'® Civilians also incur frostbite injuries
and the incidence in this population, like the military, also
appears to be increasing. Nygaard et al. examined frostbite
injury in the civilian population using the National Trauma
Databank (NTDB) and the National Burn Repository (NBR)
and showed an increase in the number of frostbite injuries re-
ported from 2007-2014 to 2002-2011, respectively.'® This
was corroborated by the National Inpatient Sample of the
Healthcare Cost and Utilization Project (HCUP), with the
calculated incidence rate of frostbite injuries increasing from
0.66,100,000 in 2016 to 1.21,/100,000 in 2018.7 Over 3
years, this equated to over 8000 admissions for frostbite injury
in the United States.!”

Frostbite-injured patients are also a significant burden on
hospital resources. Using the NBR, frostbite injury resulted in
significantly higher cost and utilization of resources compared
to similarly injured burn patients.!® Moreover, using the 2016
and 2017 Nationwide Readmission Database of the HCUPD,
the unplanned readmission rate following frostbite injury
is high (35.4%, 95% CI 32.2-38.6%).1° The average total
cost and length of stay (LOS) for unplanned readmissions is
$236,872 and 34.7 days, respectively; which contributes to
the cost of treating frostbite.!®

Disability following frostbite injury is not well reported in
the literature, with most studies focusing on the immediate
hospital or perioperative period.?? National studies report the
rate of amputation in severe frostbite injury between 20% and
30%.17:1921 A single-center study reported the rate of surgical
revision of the primary amputation was required in nearly
a quarter of cases.?? In addition to the amputation burden,
Ervasti et al., in a case series 4 to 11 years after second-degree
frostbite injury, found that 53% of patients had hypersensitivity
to cold, 40% had numbness, and 13% were not able to work
at the same level prior to injury.?® In a study of U.S. military
cold injury, 67% of patients reported persistent symptoms of
neurovascular injury 6 months following frostbite injury and
8% had to be reassigned due to injury.?* These studies support
the need to assess long-term sequelae following frostbite in-
jury and to consider these issues when treating frostbite.

The pathophysiology of frostbite involves ischemia, inflam-
mation, and coagulation, lending itself to multiple possible
medical interventions.?>?” Frostbite-related tissue damage
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occurs in two phases. The initial phase includes the actual
freezing injury, which begins with superficial tissue cooling,
increased blood viscosity, and microvascular vasospasm
as the body shunts warm blood to the core. As the tissues
continue to cool, ice crystals form in the interstitial spaces
and within the cells causing desiccation and direct physical
damage. Blood is further shunted away from the injured
tissue and thrombi form in the damaged microvasculature.
The tissue ischemia elicits an inflammatory cascade in the
damaged tissue. Upon rewarming of the injured extremity,
a reperfusion injury occurs resulting in increasing edema,
the release of multiple inflammatory and prothrombotic
factors, and leukocyte infiltration. Diminishing the toxic
triad of ischemia, inflammation, and coagulation of frostbite
and restoring blood flow to prevent irreversible ischemia is
the goal of treatment. Most treatment algorithms focus on
rapid rewarming, thrombolytics (in appropriately screened
patients) with continued anticoagulation, ibuprofen, wound
care with aloe vera, and oftloading pressure or weight to in-
jured extremity.>>26:28-30 Further treatment of the injured
extremity is guided by diagnostic imaging or the traditional
teaching of watchful waiting for clinical demarcation prior
to definitive surgery. Ideally, successful treatment preserves
limb length and soft tissue thereby decreasing sequela and
reducing disability.

METHODS

For the development of this guideline, the CPG Committee
met virtually on several occasions and communicated elec-
tronically. Through discussion and consensus, the committee
identified clinically important questions and definitions
pertaining to the topic of “treatment of severe frostbite injury.”
The questions were designed using a PICO approach (Patient:
The patient population to whom the recommendations
apply, Intervention: The therapeutic or diagnostic interven-
tion of interest, Comparator: The alternative approach to
the intervention [used in the control group], Outcome: The
outcome(s) of interest for the clinical problem). The authors
developed the following seven clinically important questions
surrounding the topic of treatment of severe frostbite injury:

Among adults with severe limb frostbite, does rapid
rewarming in a 38 to 42°C water bath, compared to
not using rapid rewarming in a 38 to 42°C water bath,
result in (a) fewer amputations and /or (b) a more distal
level of amputation?

Among adults with severe limb frostbite does the use
of vascular imaging studies (e.g. digital subtraction
angiography [DSA], multiphase technetium-99m-
methylenediphosphonate  bone scintigraphy [bone
scintigraphy ], single-photon emission computed tomog-
raphy fused with CT [SPECT /CT], microangiography
with intravenous [IV] indocyanine green fluorescence
[MA], and magnetic resonance angiography [MRA]),
compared to not using these studies, affect (a) the use
of thrombolytic therapy, and/or (b) the time to initiate
thrombolytic therapy?

Among adults with severe limb frostbite, does the use
of thrombolytic therapy, compared to not using
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thrombolytic therapy, result in (a) fewer amputations,
and/or (b) a more distal level of amputation?

Among adults with severe limb frostbite, does the use of IV
thrombolytics, compared to the use of intra-arterial (IA)
thrombolytics, affect (a) the number of amputations
and/or (b) the level of amputation?

Among adults with severe limb frostbite, does early ad-
ministration of thrombolytics (<12 hours from comple-
tion of rewarming), compared to later administration of
thrombolytics (>12 hours from completion of rewarming
but less than 24 hours), result in (a) fewer amputations
and/or (b) a more distal level of amputation?

Among adult patients with severe limb frostbite, does the
use of iloprost, compared to not using iloprost, result in
(a) fewer amputations, and/or (b) a more distal levels
of amputation?

Among adults with severe limb frostbite, does the use
of diagnostic imaging modalities for surgical plan-
ning, including angiography, bone scintigraphy,
microangiography, CT/A, SPECT, and MRI/MRA,
compared to no imaging, affect the (a) number of
amputations, (b) the level of amputation, and/or (¢)
the timing of amputation?

Search Strategy

A literature search for these seven PICO questions was
conducted by a professional medical librarian. The search in-
cluded the following databases: MEDLINE via Ovid, Embase
via Elsevier, Cochrane Central Register of Controlled Trials
(Central) via Wiley, and Cumulative Index of Nursing and
Allied Health Literature (CINAHL) via EBSCO. For max-
imum comprehensiveness, the search was designed to retrieve
all records that included the frostbite subject heading for
all the databases or the keyword “frostbite” in the title, ab-
stract, or author-supplied keywords fields for the first three
databases and in any field in CINAHL. For MEDLINE, the
most comprehensive segment (Ovid MEDLINE(R) ALL)
was searched, which includes records with the following
statuses: MEDLINE, Publisher, In-Data-Review, In-Process,
and PubMed-not-MEDLINE records from NLM (national
library of medicine). All databases were searched from incep-
tion to March 14, 2022, and no language or other limits were
applied.

The search yielded a total of 5047 articles and after au-
tomatic deletion the final total was 3877 articles (Figure
1). Rayyan™ reference management software was used
to upload and organize the articles (Rayyan Systems Inc.,
Cambridge, MA). Following manual removal of 752 dupli-
cate articles, two committee members (R.N. and L.W.) inde-
pendently evaluated the titles and abstracts of the remaining
3125 citations to identify articles suitable for full-text review.
Further duplicates, preclinical articles, articles published only
as abstracts, review articles, surveys, case reports, articles not
available in English, and unrelated articles were excluded.
Consensus between the two reviewers (R.N. and L.W.) was
reached on April 15, 2022, and 35 articles were selected for
initial full-text review.

Articles selected for initial full-text review were then inde-
pendently screened for inclusion by three committee members
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(RN., AL, and LW.) to determine if they addressed any
of the PICO questions, based on the following mandatory
set of inclusion criteria: 1) The study had to involve adults
218 years of age with severe limb frostbite from atmospheric
cooling resulting in a perfusion deficit, 2) included patients
were treated for frostbite injury using the therapeutic and/or
diagnostic method of interest, 3) included a comparator (e.g.
no thrombolytics or no imaging, etc.), and 4) at least one of
the predefined PICO outcomes had to have been measured
and reported. Following an independent review, the three
reviewers (R.N.; A.L., and L.W.) met virtually and reached
consensus on which articles to finally include on May 26,
2022. Eight articles met these criteria and have been included
in this CPG (Table 1 and Supplementary Table 1).

The eight included articles were systematically and inde-
pendently evaluated by three committee members (R.N.,
A.L., and L.W.) using the critical appraisal form described by
Law et al.3¢ These members then met virtually on June 15,
2022 to compare each other’s results and scores. Differences
in total scores were resolved by consensus. The consensus
scores for the quality of evidence in each of these studies
are shown in Table 2. Sub-committees were then formed
to address each PICO question and write a review using the
selected articles, and where there was insufficient burn litera-
ture, randomized controlled trials and /or systematic reviews,
experimental studies, and meta-analyses from the frostbite
and non-frostbite literature were reviewed and included
in the discussions of each question where appropriate. The
committee met virtually on September 13, 2022, to form
recommendations based on the available scientific evidence.
The definitions for the final recommendations were based on
majority vote of each contributing author.3”

Question 1. Among adults with severe limb frostbite, does
rapid rewarming in a 38 to 42°C water bath, compared to not
using rapid vewarming in o 38 to 42°C water bath, vesult in (a)
[fewer amputations and/or (b) a morve distal level of amputation?

For this question we defined rapid rewarming as using a
warm water circulating or non-circulating bath set to 38 to
42°C for a duration of 15 to 30 minutes. We sought to iden-
tify the impact of rapid rewarming on the rate and level of am-
putation. We identified only one study, by Rogers et al. that
addressed this specific question (Tables 1 and 2).3°

Rogers et al. retrospectively reviewed a total of 208 patients
with severe frostbite over a 7-year period, 131 of whom
presented with frozen digits.?® Using a previously published
scoring system, the Hennepin Score,®® bone scintigraphy
scans were used to calculate the amount of tissue lacking per-
fusion on admission. Surgeons then used the same scoring
system postoperatively to describe the actual tissue loss. A re-
gression analysis was used to find predictors associated with
limb salvage in these patients. The use of rapid rewarming
was not a significant predictor of limb salvage (OR 2.75, P
= 0.119). The authors concluded that rapid rewarming was
not associated with limb salvage but cautioned that the study
was underpowered to detect a statistical difference based on
a post hoc analysis. A larger multicenter study of the practice
was recommended.

Despite a paucity of data, rapid, early rewarming was one
of the first treatment methods developed for severe frost-
bite injury and is widely used and recommended. Although
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of Controlled Trials.
N=5047

Databases Searched: MEDLINE, EMBASE, The
Cumulative Index of Nursing and Allied Health
Literature (CINAHL), and the Cochrane Central Register

Screened
N=3125

Duplicates removed
N=1170

A 4

Further duplicates and
unrelated articles

A\ 4

Articles for full text
review
N=35

removed
N=3090

Articles that did not meet
all four inclusion criteria

A

Articles for Systematic
evaluation and inclusion
N=8

Figure 1. Consort diagram.

used in World War II, Mills et al. was the first to publish on
the practices in 1960 on a largely civilian population.®3%-#!
Although his studies lacked scientific rigor, Mills et al. re-
ported the largest cohort of patients undergoing the rapid
rewarming.® While typically part of all frostbite management
protocols, Rogers ct al. found that only 66% of the patients
admitted to outside centers with frozen limbs or digits un-
derwent rapid rewarming in a water bath.3® Similarly, in a
Canadian study, 9 of 22 grade two through four frostbite
patients underwent passive rewarming; however, none re-
quired amputation following treatment.*?

Numerous preclinical studies demonstrated a significant
reduction in tissue necrosis after rapid rewarming compared
to allowing the limb to slowly return to normothermia.*3-52
However, most of these preclinical models utilize a freezing
liquid bath to create the frostbite injury which is different
from most frostbite injury observed in humans that is caused
by slower atmospheric cooling. Additionally, as with many
preclinical models, it is unclear if the basic pathophysiologic
process of frostbite injury is the same as observed in humans.
Further study and development of an atmospheric cooling

A 4

were excluded

1. Article includes
Frostbite patients

2. Treated for frostbite
uses therapeutic and
diagnostic methods of
interest

3. There is a comparator
group

4. At least one of the
predefined PICO
outcomes had to be
addressed.

N=26

model to assess pathophysiology and test new treatment
modalities is needed.

Recommendations.

(a) Fewer amputations and/or (b) more distal level of
amputation.
Conditionally recommend.

Rationale and Considerations.

There is compelling evidence for rapid rewarming in small an-
imal studies, in which rapid rewarming was used in animals
with extremities exposed to extreme cold temperatures.*3-52
Rapid rewarming showed an advantage with significantly
less tissue loss compared with spontaneous rewarming.*3%2
These animal models were performed under highly controlled
conditions and likely do not simulate all the variables seen
in human frostbite. Based on this and unpublished usage in
the military setting, the tenets of rapid rewarming were ap-
plied to human patients for the next 70 years.>3% Despite the
intuitive benefits of rapid rewarming and its traditional use
in frostbite, there are no well defined, large human studies
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addressing its effect on limb salvage in patients with severe
frostbite. However, given the evidence combined with expert
opinion, the practice is likely not harmful and provides benefit
over slow or room temperature rewarming. Caution should
be used to ensure rewarming temperatures are not excessive
causing additional thermal injury and the limbs are not at
risk of re-freezing.®%® Additionally, consideration should be
given to not prolong the resulting warm ischemia time prior
to evaluation and definitive treatment at a burn or tertiary
care center.>0

Question 2. Among adults with severe limb frostbite does the
use of vascular imaging studies (eg. DSA, bone scintigraphy,
SPECT/CT, microangiography, and MRA), compared to not
using these studies, affect (a) the use of thrombolytic therapy,
and/or (b) the time to initiate thrombolytic therapy?

For this question we explored the use of vascular imaging
studies in severe limb frostbite. Our comparator was no use of
vascular imaging studies. We sought to determine the impact
of imaging on use and timing of thrombolytic therapy. We
identified two low quality retrospective studies that met inclu-
sion criteria (Tables 1 and 2).1%:32

The first study was a retrospective chart review by Bruen et
al. in which they included 21 patients from 2001 to 2006.3
Their primary objective was to evaluate the role for tPA to
improve limb salvage and as such the results are reported
according to use of tPA and not the presence or absence of
imaging. The imaging used to assess salvage rate was digital
angiography. Nine of the 21 patients presented within 24
hours; all were noted to have a perfusion deficit on bedside
Doppler examination and were within the predefined treat-
ment window to receive digital angiography. Seven (77.8%)
had abnormal studies and went on to receive tPA. One of
these patients was greater than 24 hours after exposure and
was then included in the control group. There were an ad-
ditional 11 control patients from 1995 to 2000 with severe
frostbite that were also reviewed that did not include im-
aging or thrombolytics resulting in a total control group of
26 patients. Using digital imaging reduced the number of
patients who would have qualified for thrombolytics by clin-
ical examination by 22%. Identification of those who would
benefit from thrombolytics through use of imaging as a di-
agnostic tool to assess perfusion is reported in numerous
publications. Of note, the authors report that they were able
to obtain imaging on average 4.5 hours from admission and
on average 11.2 hours from the end of exposure. Overall, this
study had a small sample size and included a very heteroge-
neous collection of individuals which were compared to a mix
of historic and contemporary controls.

The second included study was a retrospective study by
Carmichael and included 199 patients over 5 years from
2015 to 2020.' This study evaluated if initiation of tPA,
prior to formal imaging, at the referring hospital, improved
limb salvage following severe frostbite injury as compared
to after imaging at the tertiary center. This study included
outcomes in patients treated with tPA at the referring hos-
pital (40 patients), treated with tPA at their tertiary center (22
patients after transfer and 10 direct admission patients), or
not treated with tPA (127 patients). It did not directly address
the question of the effect of imaging on the use or timing
of tPA therapy. There are numerous sources of potential bias
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including their own admission that they were not able to ac-
curately track time from rewarming to tPA administration.
The authors indicate that formal perfusion assessments were
not conducted at referring centers and, even at their tertiary
center, they felt that imaging quality was initially too low in
resolution to estimate injury severity during the study period.
It is unclear as to who received imaging at the referring sites or
how many received imaging prior to tPA at the tertiary center,
but they conducted bone scans on all patients after tPA ad-
ministration. Limb salvage was based on a modified Hennepin
score3® calculated after warming and based on either pre-tPA
photographs, pre-tPA physical exam, or post-tPA bone scin-
tigraphy scans and compared to the final amputation level;
however, neither this process nor the breakdown of patients
were described in detail. Overall, those who received prehos-
pital tPA, prior to imaging, were more likely to have no am-
putation or more distal amputations as compared to the other
two groups. The authors concluded that the increased salvage
rates in the early initiation group was secondary to decreased
ischemia time, but this data is not reported in the paper and
remains speculative.

The practice of using formal imaging became part of
standard protocols after the landmark paper by Twomey et
al.* Theirs was the first study to utilize thrombolytic therapy
to reduce morbidity following severe frostbite injury. As part
of their protocol, patients who presented with severe frost-
bite underwent bone scintigraphy scans to assess perfusion
deficit following rewarming (16 historic controls and 19
study patients). This method allowed them to determine
which patients had tissue at risk and to quantify the limb sal-
vage. However, outcomes were based on historic controls
and included insufficient detail to determine effectiveness of
thrombolytic treatment on severe frostbite.

Recommendations.
(a)the use of thrombolytic therapy.

No recommendation. Currently there is insufficient scientific
evidence to answer the question of the use of vascular imaging
studies to determine the use of thrombolytic therapy.

Rationale and Considerations.

As thrombolytic therapy is expensive, reserving its use to indi-
cated patients would be a potential advantage. Studies report a
range of 4.3% to 33% of frostbite patients that were diagnosed
with severe frostbite injury lacked a perfusion deficit when
assessed by formal imaging.3%32-5* The risk from imaging, be-
yond the reaction to the dye, is the potential for a false posi-
tive perfusion defect to be identified, subjecting the patient to
thrombolytics, and the consequent potential complications.>®
This is counterbalanced to the risk of false negative imaging
in which a potentially salvageable limb/digit is not treated
with thrombolytics and is subsequently amputated. Cauchy
et al. described a visual assessment to assess likelihood of
predicted amputation, but this has not been widely adopted
in the United States and warrants further study. Given the
low risk of complications reported with thrombolytic therapy
and the successful limb salvage rate reported in single-center
studies, imaging prior to thrombolytics may not be beneficial
especially if it extends the warm ischemia time,!1,12,14:29,33,55
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(b)  The time to initiate thrombolytic therapy.

No Recommendation. At the present time there is insufficient
evidence to determine whether vascular imaging affects the
timing of thrombolytic therapy.

Rationale and Considerations.

The only study to report time from admission to imaging
time was Bruen et al. with an average of 4.5 hours.3? Some
publications have reported time from admission or rewarming
to thrombolytic therapy and the study by Lacey et al. detail
their efforts to reduce warm ischemia time in severe frostbite
injury.!2-1429:56 While not directly assessing the impact of im-
aging on time to tPA, they report using bedside MA and/
or clinical exam alone when assessing post-rewarming perfu-
sion deficit to reduce time to tPA.>¢ Additionally, the study by
Carmicheal et al. showed improved results, without increasing
adverse sequelae, by administering tPA prior to transfer and
forgoing imaging, but no details were provided regarding
warm ischemia or time to treatment.!* Overall, any potential
delay posed by vascular imaging is largely dependent upon the
resources at each individual institution and therefore should
be considered by the attending physician within the larger
picture of the patient’s injury timeline, injury severity, and
options for treatment.

Question 3. Among adults with severe limb frostbite, does the
use of thrombolytic therapy compared to not using thrombolytic
therapy, result in (a) fewer amputations, and/or (b) a more
distal level of amputation?

For this question, we reviewed the use of thrombolytics
to treat severe limb frostbite. We included both IA and
IV methods of delivering thrombolytic therapy as current
practices include both methods of treatment. We were able to
identify eight studies on the impact of thrombolytic therapy
on amputation rates (Tables 1 and 2). Seven of eight studies
were retrospective single-center studies with one prospective,
randomized, non-peer reviewed clinical trial 12-14:31-35

Cauchy et al. found that iloprost in addition to IV tPA
(N = 16) resulted in 19% of patients requiring amputations
compared to 60% of the control group (N = 15; P< 0.03).13
This data, while the only prospective randomized study, is
only available in a Letter to the Editor and a full peer reviewed
study was never published. Other papers supporting the use of
thrombolytic therapy include Bruen et al. and Patel et al.32:3*
Bruen examined the use of IA tPA vs a mixed cohort of his-
toric and contemporary controls discussed in detail in PICO
question 2. They found a significant decrease in the number
of amputations with IA tPA (6 of 59 digits at risk vs 97 of 234
digits, P < 0.05). They also found that there were less prox-
imal amputations (transmetatarsal amputations or higher) in
the intervention group versus control (0 vs 14).32 Patel et al.
found that IA tPA resulted in significantly less amputations in
eight treated patients compared to nine controls (12,/80 at
risk digits vs 77,/100 digits, P = 0.003).3* Similarly, Rogers et
al. reported significant improvement in tissue salvage, when
controlling for other factors, with the use of IV tPA in a retro-
spective review of prospectively collected data of 131 patients
(aOR11.9 [CI 1.57,89.4] P=0.016).%®

Alternatively, Nygaard et al. in a retrospective review of
prospectively collected data in patients found that time to
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tPA was important but in the same paper found that patients
who received IV thrombolytics had a similar rate of ampu-
tation to those who did not (50% in 45 patients vs 36% in
28 patients, P = 0.092).12 Although the salvage rate in this
limited sample size increased the risk of a type 2 error, results
trended towards significance (P = 0.06). As mentioned above,
a larger study performed in a non-overlapping population by
the Hennepin group did find a significant difference in those
treated with and without tPA.?® Carmichael et al. reported a
higher risk of amputation in the group receiving no tPA as
compared to both groups receiving tPA (59.8% vs 31.9%, P
< 0.001)."* They compared amputations in patients treated
with IV tPA prior to transfer to their institution, treated with
IV tPA at their institution, and patients not treated with tPA
(the latter two groups included both transfer and direct admit
patients). They found that patients treated with IV tPA prior
to transfer had fewer amputations than either the group of
patients who did not receive IV tPA or patients treated with
IV tPA at their hospital.'* However, they also found that the
group who received IV tPA at their hospital after transfer had
no significant differences in odds of amputation as the group
who did not receive tPA. This raises questions about the se-
verity of frostbite injury in patients treated prior to transfer
and the time of warm ischemia in the transferred patients.!*
There is no quantification of the amount of tissue at risk or
tissue salvaged described in this paper as pre-tPA imaging was
cither not obtained or suboptimal. Additionally, they did not
assess differences in level of amputation. Al Yafi et al. was un-
able to find a difference in outcomes (digital or per patient
amputation rate) treated with thrombolytics (N = 9) vs the
controls (N = 9).31 However, they do report more proximal
amputations in the group not treated with tPA (amputation
proximal to middle phalange: 90% vs 63%).3! The interven-
tion group had a very long warm ischemia time which may
have confounded these results. Heard et al. found no signifi-
cant difference in need for amputation in their matched case-
control study using both IV and IA tPA; however, the sample
size of treated patients was only nine.?® These single-center
studies are small, heterogenous, and lack pertinent details in-
cluding variations in how the salvage rates were calculated,
important covariates, and in study design.

Extrapolating from animal research, Twomey et al. reported
the first use of thrombolytics for clinical frostbite in their sen-
tinel paper ushering in a new era of frostbite treatment.*>°
This study led to numerous subsequent observational studies
reporting on thrombolytics; most lacking comparator groups
and details regarding confounders.*30-38:425457-61 However,
these studies show a greater than 70% salvage success rate with
low complications.10-11,25,62

One limitation in the use of thrombolytics is the concern for
bleeding complications. The rate of bleeding complications
following thrombolytic therapy in severe frostbite injury is
largely undescribed or limited to small case series.!?:3342,54
Reported complications typically include bleeding from cath-
eter sites, femoral pseudoaneurysm, retroperitoneal hema-
toma, or bleeding from other traumatic wounds. In the only
study reporting complications following treatment of >100
patients with tPA, Murphy et al. found bleeding complications
requiring a change of management or an intervention (i.e.
blood transtusion) in 8.4% (12 of 143) of patients within 24
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hours of treatment with IV tPA.%® A recent review by Drinane
et al. reported complication rates of 2.7% and 3.7% for IV and
IA tPA therapy, respectively.!!

Recommendation.

(a) Fewer amputations and (b) a more distal level of
amputations.
We conditionally recommend that thrombolytics be initiated
in appropriately screened severe frostbite patients to both de-
crease the need for amputation and reduce the level of ampu-
tation needed.

Rationale and Considerations.

Overall, the one prospective study and the seven retrospective
studies demonstrate a trend towards improved salvage with
thrombolytic therapy both in terms of fewer amputations and
a more distal level of amputations—depending on the scoring
system or outcome measure used. The exact extent of reduced
amputation and improved salvage is unknown at this time and
warrants a large, multicenter clinical trial. Studies report rela-
tively low rates of complications following use of tPA which
include extremity hematomas, retroperitoneal hematomas, or
other minor bleeding.?3#255% Overall, the data would support
the use of thrombolytic therapy (either IV or IA) for the treat-
ment of severe frostbite though the exact extent of improved sal-
vage cannot be quantified based on currently available literature.

Question 4. Among adults with severe limb frostbite does the
use of IV thrombolytics compared to the use of LA thrombolytics
affect (n) the number of amputations and/or (b) the level of
amputation?

No studies fit the inclusion criteria comparing the two
routes of tPA of administration.

Thrombolytic treatment focuses on reducing the in-
jury caused by reperfusion following rewarming. For frost-
bite injury thrombolytics have been given both IA and IV.
Twomey et al. began treating selected frostbite patients with
TA thrombolytics (tPA) in 1989.* Upon observing perfusion
improvements in untreated limbs that suggested systemic cir-
culation of thrombolytics in those receiving only IA delivery,
they began testing varying doses of IV thrombolytics.* All
of the study patients had abnormal perfusion by bone scin-
tigraphy scan and underwent tPA. The amputation rate was
19% in the study group with only three patients with no re-
sponse. Heard et al. also reported on a limited number of
patients treated with either IA (N =9) or IV (N = 3) tPA at
their center.?® Neither study, however, compared outcomes
between the treatment types. The overall reported salvage
rate for the 17 reviewed studies is over 70% irrespective of the
route of thrombolytics.!125

Recommendations.

(a) Number of amputations and /or (b) level of amputation.
No recommendation. There are no studies which directly an-
swer the question of whether IA or IV thrombolytics should
be used to reduce the number of amputations or improve the
level of amputation.

Rationale and Considerations.
Itis apparent that thrombolytics are a key tool in the treatment
of severe frostbite. Determination if IA or IV thrombolytic
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therapy is superior could not be clarified based on the current
literature available. Further head-to-head comparison studies
are needed to determine whether one route of administra-
tion is superior; however, the reduced resource burden and
ability to treat multiple limbs simultaneously using IV tPA will
likely preclude a randomized trial. Other considerations to be
investigated include safety of each route of delivery in patients
who may be undergoing a mental health crisis or substance
use withdrawal and cost of therapy.

Question 5. Amonyg adults with severe limb frostbite, does
Searly” administration of thrombolytics (<12 hours from com-
pletion of rewarming) compared to “later” administration of
thrombolytics (>12 hours from completion of vewarming but less
than 24 hours) result in (a) fewer amputations and/or (b) a
more distal level of amputation?

For this question we defined time to thrombolytics as the
time from documented or estimated initiation of rewarming
to the initiation of thrombolytic therapy. This includes both
rapid rewarming and passive rewarming in most studies. We
did not specify which thrombolytic drug was used, which
route of thrombolytic administration, or which adjunc-
tive therapies could be used. The comparator group was
thrombolytic administration >12 hours from rewarming. The
time from rewarming to thrombolytic therapy is discussed as
warm ischemia time.

Five studies met inclusion criteria for review (Tables 1 and
2).12-1431.3% Bour were retrospective analysis at single sites and
one was a randomized clinical trial. There was variability in
the exact measure of warm ischemia time by each center and
one specifically noted they could not measure it accurately.'*
Although warm ischemia time is defined as the time from
rewarming to treatment as this is sometimes unknown, some
studies report time from admission to treatment.

Cauchy et al. conducted a randomized clinical trial that in-
cluded three treatment groups: buflomedil (N = 15), iloprost
(N =16), and iloprost plus tPA (N = 16). The digit amputa-
tion rate in patients treated with iloprost plus tPA within 12
hours was 2 of 144 (1.4%) and 3 of 15 (20%) in those treated
after 12 hours.!3 There are no details related to the breakdown
of severity of injury between the two groups. Additionally,
this study was published as a letter to the editor and has not
been peer reviewed. Nygaard et al. showed a decrease in tissue
salvage based on the time from rewarming to the initiation
of thrombolytic therapy.!? This did not specifically divide the
groups into early and late as defined in this question (12 hour
time mark). A regression analysis showed that each hour of
warm ischemia time resulted in a decrease in salvage of 28.1%
(P = 0.011).!2 Carmichael et al. published their experience
initiating tPA at referring centers in order to reduce warm
ischemia time in transfer patients. They showed that patients
who had pre-transfer thrombolytics had lower odds of ampu-
tation (OR 0.19 95% CI 0.05-0.65, P = 0.01).* While they
postulate this was due to reduced warm ischemia time, they
were not able to specifically track time to thrombolytics.

Al Yafi et al. retrospectively reviewed 18 patients (9 with
tPA and 9 controls).3! They were unable to detect a significant
difference in amputation rates in those treated with or without
thrombolytics. They reported a non-significant trend towards
longer time from injury to tPA (32 vs 18.6 hours) and ad-
mission to tPA (10.8 vs 8.2 hours) in patients that required
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amputation compared to those that did not.3! Patel et al. found
that IA tPA (N = 8) resulted in significantly less amputations
compared to control (12 /80 at risk digits vs 77 /100 digits, P
= 0.003).3* They reported the time to treatment for each pa-
tient and the number of digits amputated, but did not provide
the number of digits at risk in this table. Three patients were
treated within 12 hours and had 12 digits with amputations.
No amputations occurred in patients treated within 24 hours
(N = 3) or within 48 hours (N = 2). The authors state that
their study is underpowered to provide a specific recommen-
dation on the temporal relationship between exposure time
and outcome.3*

Recommendations.

(a) Fewer amputations and/or (b) more distal level of
amputations.
Conditional recommendation. There is low level scientific
evidence showing initiation of thrombolytics earlier after
rewarming decreases the number and level of amputation.
Overall, there is a trend in the data to support that a shorter
warm ischemia time is better for tissue salvage and lower am-
putation rates both in terms of fewer total amputations and
more distal level of amputations depending on the scoring
system used. However, based on the extent and quality of the
data, we cannot recommend a specific time window for the
initiation of thrombolytics.

Rationale and Considerations.

Outcomes vary widely based on the amount of warm ischemia
time. The Hennepin group observed a 26.8% decrease in sal-
vage with each hour delay in delivery of thrombolytics.!? The
importance of warm ischemia time is echoed by Cauchy et al.,
who showed improvement in salvage if thrombolytics were
delivered less than 12 hours from rewarming.!® More recently,
the Colorado group reported on their experience initiating
thrombolytics at outside centers based on clinical exam alone.
They found a significant risk reduction in amputation in
transfer patients who began tPA at the outside center.!* Upon
review of the existing literature, the warm ischemia time was
either not obvious or variable, ranging from <24 hours to >48
hours from the time of rewarming to thrombolytics delivery.
Regardless, many centers opt for an optimal range for treat-
ment of between 12 and 24 hours which is well supported by
the work of Mills et al. in Alaska and the Hennepin group.3*
However, this should be considered in the broader picture of
the patient’s clinical picture and not used as a means to ex-
clude patients from potentially limb saving treatment.

Question 6. Among adult patients with severe limb frostbite
does the use of intravenous (IV) iloprost, compared to not using
tloprost, vesult in (a) fewer amputations, and/or (b) o more
distal level of amputation?

For this question we explored the use of IV iloprost in se-
vere frostbite. Our comparator was no use of iloprost. Iloprost
is currently not available in the United States but is used in
Canada and Europe. We identified only one study that met
the inclusion criteria (Tables 1 and 2).13

The study by Cauchy et al. was published as a letter to
the editor in the New England Journal of Medicine.!® The
authors reviewed the use of iloprost in a randomized, open
label study enrolling 47 frostbitten patients (grades 2—4).
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Tloprost, given as a 6-day infusion was compared to a group
receiving IV buflomedil and a group receiving iloprost and IV
tPA. All groups received rapid rewarming and aspirin. The re-
ported outcome was predicted amputation based on perfusion
deficit on day 8 bone scintigraphy—a method described in a
prior study.®® Overall the predicted amputation rate was 11.5%
with zero amputations in the iloprost only group, 3.1% in the
iloprost with tPA group, and 39.6% in the control group.!?
Despite being the only study meeting our criteria, there were
several weaknesses. First it was published in letter form and
therefore did not undergo peer review. Second, although the
study was randomized, the iloprost + tPA group had over
cight times more severe frostbite and the randomization
process was not clarified. Finally, digit salvage was presented
in only a binary fashion and was not compared to the pretreat-
ment severity of injury. Lack of this pretreatment assessment
obscured the second outcome of digit/limb preservation.

Although the above study by Cauchy et al. was the only
study meeting our criteria, one cohort study and several case
studies report on the experience with iloprost in Canada and
Europe. In the largest published cohort study, Poole et al. in-
cluded 22 patients presenting <72 hours with grades 2—4 frost-
bite.*? All patients received IV iloprost and those presenting
with grade 4 also received IV tPA (Alteplase). There were
no amputations in those with grade 2 or 3 frostbite.*> The
overall salvage rate was 79.6% falling to 50% for the seven
patients with grade 4 (over two thirds of the amputated digits
occurring in one patient).*?

Recommendations.

(a) Fewer amputations and/or (b) more distal level of
amputations.

No recommendation.

Rationale and Considerations.

The evidence from the one included study and other smaller
cohort and case studies demonstrate some promise,!342:0465
however additional larger studies are required. Additionally,
these studies need to include a U.S. frostbite population
which is markedly different than the largely mountaineering
injuries reported in these studies. Any benefit of using iloprost
with thrombolytics cannot be determined based on the cur-
rent literature available and a trial assessing these outcomes is
warranted. Iloprost can be given in a delayed fashion which
may provide a therapy for those outside of the treatment win-
dows for thrombolytics, however this also requires further
study.

Question 7. Among adults with severe limb frostbite, does
the use of diagnostic imaging modalities for surgical planning,
including angiography, bone scintigraphy, microangiography,
CT/A, SPECT, and MRI/MRA compared to no imaging, af-
fect the (a) number of amputations, (b) the level of amputation,
and/or (c) the timing of amputation?

This question sought to determine the efficacy of im-
aging in guiding surgical intervention. The comparator group
was no imaging. Surgical intervention for frostbite debride-
ment and amputation is often delayed months after the in-
jury to let the tissue demarcate. Delaying surgery, however,
can lead to longer hospital stays, increased risk of infection,
longer pain management strategies, and added cost for our
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healthcare systems and patients. No articles fulfilled our inclu-
sion criteria. However, a few single-center studies have suc-
cessfully used imaging to guide definitive surgery or predict
amputation levels.

Numerous small case series report successful used of im-
aging for surgical planning.®®%° In a larger study including
88 patients, Cauchy et al. evaluated the use of bone scintig-
raphy performed at 2 and 8 days following severe frostbite
injury.®® Scans included 53 hands, 48 feet, and 13 involving
both feet and hands. They reported a high sensitivity (0.65),
specificity (0.99), and positive predictive value (0.92) for ab-
sence of radiotracer uptake in the bone phase correlating with
eventual amputation level.®® The predictive value increased
when a second scan was performed at day 8 as poorly perfused
areas on the first scan progressed on the second scan.®® This
finding, combined with prior reports discussing outcomes
with delayed use of imaging in surgical planning, prompted
the authors to recommend rescanning if poorly perfused areas
were detected on the first scan. The timing and the details
of the definitive surgical operations were not provided in the
paper.®3

In a retrospective /prospective study Lacey et al. evaluated
the utility of MA with IV indocyanine green fluorescence
compared to bone scintigraphy in defining amputation level.>
The authors compared amputation level to imaging in three
groups of patients (N = 130): patients that had bone scintig-
raphy (82 patients), patients that had bone scintigraphy and a
MA (26 patients, following treatment with IV thrombolytics
and within 12 hours of each other) and patients that had MA
alone (22 patients).> They found that bone scintigraphy was
strongly correlated with final amputation, while MA showed
a slightly stronger positive correlation with amputation level.
MA can be performed rapidly, at the bedside, is low cost, and
avoids ionizing radiation; however, the downside of this mo-
dality (as with the other modalities discussed) is that it requires
specialized technicians/training and equipment and does not
assess bone viability. The study did not address the impact of
imaging on the number of amputations, the level of amputa-
tion, or the timing of amputations.

To overcome the limitations of bone scintigraphy’s ability
to assess anatomic detail, others have investigated the use of
SPECT /CT. This modality fuses bone scintigraphy with CT
images creating superior anatomic detail that can be used to de-
marcate viable tissue. In a retrospective review, Kraft evaluated
use of SPECT/CT in 7 patients and 19 extremities.”® In all
seven patients the level of amputation matched the prediction
of viability on the imaging and no patient needed revision sur-
gery.”? Time to imaging was 12 days (4-27 days) and time to
surgery was 17.7 days (5-30 days).”®
Recommendations.

(a)Number of amputations: No recommendation.

Rationale and Considerations.

Although we cannot make a recommendation secondary to
lack of evidence, it seems likely that bone scintigraphy or
SPECT/CT may provide accurate guidance for watchful
waiting and/or amputation level, respectively. The studies
discussed show excellent prediction of amputation level and
presumably of viable tissue, although the literature does not
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enable us to conclude that use of imaging modalities leads to
fewer amputations.

(b) Level of amputation: No recommendation.

Rationale and Considerations.

The limited studies in the literature show imaging correlates
with eventual amputation level.5¢%3 A study comparing the
surgeons proposed amputation level with preoperative im-
aging and actual amputation level would definitively answer
this question.

(c) Timing of amputation: No recommendation.

Rationale and Considerations.

The literature is limited and further study is needed to defin-
itively answer the question of timing of surgical intervention
and the use of imaging compared to the current practice of
watchful waiting.

IMPLEMENTATION AND NEXT STEPS

Overall, no strong guidelines can be recommended based on
the current literature. We only found evidence to support
conditionally recommending the use of rapid rewarming,
thrombolytics (IV or IA), and early use of thrombolytics. This
is similar to the findings of other recent reviews and manage-
ment guidelines.>® Emphasis should be given to early referral
and transportation of severe frostbite patients to high-volume
burn centers in order to screen for eligibility for thrombolytics
and expedite definitive treatment.

The barriers to treatment include knowledge gaps, delays in
patients seeking care, rapid identification of severity of injury,
timely referral of severe frostbite patients to tertiary centers,
and contraindications to thrombolytics therapy. To address
knowledge gaps we recommend including up to date frost-
bite treatment in both established courses as the American
Burn Association’s Advanced Burn Life Support Class and
American College of Surgeons Committee on Trauma
Advanced Trauma Life Support Class as well as other outreach
efforts to improve education at centers treating smaller num-
bers of frostbite injury. Contraindications to thrombolytics
include pregnancy, significant concurrent trauma, recent sur-
gery or hemorrhage within 10 days, or intracranial bleeding
within 3 months.>2933:5455 Relative contraindications include
moderate concurrent trauma, multiple freeze-thaw cycles, and
prolonged warm ischemia time. Thrombolytics have a low ad-
verse sequelae rate that should be considered in the setting
of saving a limb or digit (see discussion in PICO question 3).

Future Research

There are several areas in need of consideration of future re-
search aims. One is a standardized data collection process to
include demographics, comorbidities, social determinants of
health, and injury details such as warm ischemia time, diag-
nostic tests, measure of injury severity, intervention timing,
adjuvant therapy, and outcomes. This data collection must
include a standard methodology for measuring outcomes
associated with frostbite injury. Researchers have reported
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amputation rates based on a per person, per digit, per bone
segment, or an overall salvage rate. We would recommend
a minimum report including per person amputation and an
overall salvage rate. The specific details of per digit amputa-
tion are helpful, but only beneficial if we have a measure of
the severity of injury as well as the actual level of the am-
putation. Severity of injury should be obtained by imaging
or beside perfusion test after rewarming. Reporting of the
timing of rewarming, time to post-rewarming testing, and
post-rewarming treatment would improve accuracy as well.
Additionally, delayed imaging may be used as an alternative
outcome measure to definitive surgical intervention when
assessing early treatment modalities. This would reduce bias
associated with loss to follow-up or complications due to ad-
ditional frostbite injury or infection.

Several questions could not be answered due to absence of
evidence or low-quality evidence with no clear benefit with
an absence of harm. Additionally, the impact of overlapping
or additional supportive treatments remain unanswered.
Examples of this include the intersection of the use of rapid
rewarming and thrombolytics. The following would be areas
for future scientific investigation:

Development of a suitable preclinical atmospheric freezing
model of severe frostbite injury that mimics pathophys-
iology observed in human frostbite injury.

A well conducted comparison between adjuvant therapies
and adjuvants plus thrombolytics.

Large study assessing the effect of varying warm ischemia
times on thrombolytic effectiveness.

Comparison of the efficacy and safety of IA vs IV
thrombolytics.

Evaluate the impact of supportive therapies including
topicals and long-term anticoagulation.

Assess outcomes associated with IV iloprost in a U.S. frost-
bite population.

Compare outcomes using IV iloprost plus thrombolytics
against thrombolytics alone.

Assess the efficacy of delayed imaging to guide earlier sur-
gical therapy.

Assess long-term outcomes in the patients treated and not
treated with thrombolytics.

In order to address the above research priorities, implemen-
tation of a standard frostbite dataset for registries could sig-
nificantly improve our research and outcome measures. This
could be best achieved through the ABA. These variables
should include:

Measure of severity of frostbite injury after rewarming and
documentation of method measure.

Documentation of use or non-use of rapid rewarming in
water bath.

Description of any use of thrombolytics and method of
delivery.

Recorded time from rewarming to thrombolytics.

Recorded time from admission to thrombolytics.

Documentation of use of any continued anticoagulation
and the length of time it was used.

Time to surgical management on primary admission or
subsequent admissions.
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Standard measure of severity of injury and level of
amputation.

Quality Measures

In order to continue to advance the field of frostbite treat-
ment, centers treating frostbite should assess their outcomes
based on quality metrics. These metrics reinforce the philos-
ophy that time is tissue in preserving ischemic limbs and could
include:

Time to treatment (rewarming,/thrombolytics assessment).

Use of rapid rewarming in a water bath (when presenting
with frozen limbs or digits).

Assessment/workup for thrombolytic therapy.

Factors for further consideration include assessment of needs
and social determinants of health in this population. Close col-
laboration with social workers and physical and occupational
therapists can improve outcomes in this high-risk population.

SUPPLEMENTARY DATA

Supplementary data is available at Journal of Burn Care &
Research online.
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