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Abstract: Wilderness medicine is a rapidly evolving field and has benefited from expanded
research efforts. Moreover, with an escalating occurrence of severe and cataclysmic global
climatologic events, human illness arising from interaction with wilderness and recreational
environments warrants increasing consideration. Within the last decade, the Wilderness
Medical Society (WMS) has aggregated research findings and created guidelines on pre-
vention measures and therapeutic options for acute altitude illness, frostbite injuries, and
avalanche and non-avalanche snow burials. As new research emerges, some guidelines
have been updated to reflect the most current and sound scientific conclusions. In this
review, we have synthesized the evidence-based guidelines and have reviewed the quality
of the guidelines according to the Appraisal of Guidelines for Research and Evaluation
(AGREE) II framework. Further research efforts can expand the scope of evidence-based
practice in travel medicine and ideally standardize the implementation of recommendations
within both pre-travel and post-travel medical practices.

Keywords: acute mountain sickness; avalanche; frostbite; high-altitude cerebral edema;
high-altitude pulmonary edema; Wilderness Medicine Society

1. Introduction

Global rates of travel have skyrocketed in recent years, and with this, travelers have
also become increasingly adventurous, placing themselves into ever-more extreme altitudes,
climates, and ecologies. Additionally, extreme climatologic events coupled with a warming
planet destabilize glaciers and mountaineering environments, which place individuals at
elevated risk of phenomena such as avalanche and snow burials. The global adventure
tourism market was valued at USD 586.3 billion in 2018 but is projected to reach USD
1.63 trillion in 2026, showing a growth of 13.3% [1]. With this rising trend, travelers are at
an increased risk of environmental illness and exposures; travel specialists must therefore
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develop expertise in environmental illness. Such practice fluency involves both being up to
date on the evidence-based treatment of environmental illness as well as understanding
how to mitigate risk, such that appropriate counselling of patients during pre-travel medical
visits may occur. The Wilderness Medicine Society (WMS) has recently published updates
on four practice guidelines, summarizing the evidence for the prevention and treatment of
acute altitude sickness [2], frostbite [3], heat illness [4], and avalanche and non-avalanche
snow burial [5]. Here, we provide a summary of the practice guidelines for acute altitude
illness, frostbite, and snow burials and their corresponding grading as well as an appraisal
of evidence provided for each topical guidance. This review is intended to update and
guide travel medicine specialists caring for patients at risk of environmental exposures as
well as raise awareness amongst the general medical and public health communities around
environmental illnesses that may be encountered with escalating and severe climatologic
events globally.

1.1. Summary and Critical Appraisal

The practice guidelines and focus of research advancement for all systematic reviews
are summarized in this paper with an emphasis on the updated literature. Three systematic
reviews with updated guidelines [2,3,5] were assessed for the quality of evidence giving
rise to each practice guideline. The Appraisal of Guidelines for Research and Evaluation
(AGREE) II instrument was used by two authors to assess methodological rigor and
transparency in development of the guidelines collectively [6,7]. The AGREE II instrument
comprises a six-domain, 23-item checklist that is scored on a numeric scale from 1 to 7 across
items within each domain [6,7]. A full user’s manual with step-by-step instructions on
how to apply and score the instrument is available at www.agreetrust.org (accessed on
26 January 2025). Composite and aggregate scaled scores across the six AGREE II domains
are provided in Supplementary Table S1. A summary of preventive and therapeutic
interventions recommended in the guidelines is provided in Tables 1 and 2. The guidelines
the authors adhered to were the American College of Chest Physicians (ACCP) updated
classification scheme for recommendations in clinical guidelines, balancing risks and
benefits with burden of evidence, which enabled assignment of both a grading of quality of
evidence and a strength of recommendation.

Table 1. Summary of initial hospital management of frostbite injuries synthesized in the guidelines
and respective guideline grades.

Reported Recommendation

Reported Guideline Grade

1. Treat hypothermia or serious trauma.

Strong recommendation, low-quality evidence

2. Rapidly rewarm in water heated and maintained between
37 and 39 °C (98.6 and 102.2° F) until area becomes soft and
pliable to the touch (approximately 30 min).

Strong recommendation, moderate-quality evidence

3. Ibuprofen (12 mg-kg~! per day divided twice daily).

Weak recommendation, low-quality evidence

4. Pain medication (e.g., opiate) as needed.

Strong recommendation, low-quality evidence

5. Tetanus prophylaxis.

Strong recommendation, low-quality evidence

6. Air dry (i.e., do not rub at any point).

Strong recommendation, moderate-quality evidence

7. Debridement: selectively drain (e.g., by needle aspiration)
clear blisters and leave hemorrhagic blisters intact.

Weak recommendation, low-quality evidence

8. Topical aloe vera at each dressing change or every 6 h.

Weak recommendation, low-quality evidence

9. Dry, bulky dressings.

Strong recommendation, low-quality evidence

10. Elevate the affected body part if possible.

Strong recommendation, low-quality evidence
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Table 1. Cont.

Reported Recommendation Reported Guideline Grade

11. Systemic hydration. Strong recommendation, low-quality evidence

12. Thrombolytic therapy: suggest IV or intra-arterial tPA for

severe frostbite (Cauchy Grade 3 and 4) if less than 24 h after

injury; use angiography for prethrombolytic intervention

and monitoring of progress where available. Early, Strong recommendation, low-quality evidence
standardized tPA administration at remote, community

hospitals prior to transfer to tertiary care centers may

decrease rates of amputation.

13. lloprost therapy: suggest for deep frostbite to or proximal
to the distal interphalangeal joint (Cauchy Grades 2—4) up to Strong recommendation, low-quality evidence
72 h after injury but ideally as soon as possible.

14. Clinical examination (plus angiography or
technetium-99 bone scan if necessary) to assist
determination of surgical margins. Evaluation by
an experienced surgeon for possible intervention.

Strong recommendation, low-quality evidence

This table has been reproduced and slightly altered with permission from Elsevier (license No. 4854910032941).

1.2. Assessment of Methodological Rigor and Transparency According to AGREE II [6,7] Criteria

Aggregate and scaled scores for the first domain of AGREE II, “Scope and Practice”, were
5.7/7 and 78%, respectively (Supplementary Table S1). Although sufficient methodological detail
was provided to infer the target population and assessed interventions, notably absent from the
guidelines were clear “PICO” (population-intervention-comparator-outcome) questions. As
such, it is unclear if the scope of the guidelines pertains to both adults and children; however,
the altitude guidelines explicitly state that pediatric-related data were captured by the search
strategy. The objectives of the guidelines are clearly described.

Aggregate and scaled scores for the second domain of AGREE II, “Stakeholder In-
volvement”, were lowest in this domain—4.7/7 and 61%, respectively—due to a lack of
expressed involvement in patients and/or the public in the development of the guidelines
(Supplementary Table S1). Based on authorship representation, however, clear involvement
of international experts and those with specialized expertise in search, rescue, and recovery
were clearly engaged and involved in the guideline development process. On the other
hand, all relevant stakeholder medical specialties were not represented, with a notable
absence of representation from pharmacology, allied and rehabilitation services, and pedi-
atrics and pediatric intensivists. Clarity around the exact intended audience would enhance
understanding on this domain in particular.

Aggregate and scaled scores for the third domain of AGREE II, “Rigor of Develop-
ment”, were 5.9/7 and 82%, respectively (Supplementary Table S1). Evidence was synthe-
sized in a systematic, transparent manner for each of the guidelines, and the strengths and
limitations of the evidence base are described. The guidelines would benefit from further
exposition around language and date restrictions as well as the precise search strategy
employed. A clear and rigorous process for formulating recommendations according to
quality and strength was undertaken in each case. Both the risks and benefits of each
intervention are considered, and the guidelines have been peer-reviewed. Although there
is no explicit text describing the process for updating the guidelines, one can infer that this
is planned due to the existence of prior iterations.

Aggregate and scaled scores for the fourth domain of AGREE II, “Clarity of Pre-
sentation”, were highest at 7/7 and 100%, respectively (Supplementary Table S1). The



Int. J. Environ. Res. Public Health 2025, 22, 284 4 of 22

recommendations are clear, unambiguous, and easily identified throughout each of the
guidelines. Different management options are presented clearly throughout each guideline.

Aggregate and scaled scores for the fifth domain of AGREE II, “Applicability”, were
also lower than some other domains due to a lack of explicit consideration of barriers to
implementation and strategies to encourage adoption across intended stakeholder groups
(Supplementary Table S1). The aggregate score was 6/7 across the items, with a scaled
score of 83%. Biological and physiological benchmarks are clear and provide quantitative
metrics by which auditing of practice could occur in each case (e.g., oxygen saturation
targets, tissue viability correlates, etc), although a process by which to undertake such
monitoring is not described. There are excellent clinical resources and algorithms provided
in both the altitude and avalanche guidelines, and usable summary tables for guidance
provided in all.

Aggregate and scaled scores for the sixth domain of AGREE II, “Editorial Indepen-
dence”, were again highest in this domain due to the clear lack of influence on the part
of the funders and those with competing interests (Supplementary Table S1). Aggregate
scores of 7/7 were achieved across the items, with a scaled score of 100%.

The overall quality of the guidelines, collectively and in aggregate, was rated as 6/7,
with a scaled score of 83%, and the authors applying the AGREE II instrument unanimously
agreed that the guidelines should be recommended for use (Supplementary Table S1).

1.3. Definitions and Epidemiology of Acute Altitude Illness Highlighted in the Guidelines

Acute altitude illness includes several different syndromes, including acute mountain
sickness (AMS), high-altitude cerebral edema (HACE), and high-altitude pulmonary edema
(HAPE). Travel to elevations above 2500 m is associated with increased risk of developing
acute altitude illness [8]. Such elevations are encountered in many popular travel desti-
nations, including Machu Picchu and the Bolivian Salt Flats, as well as recreational travel
specifically for the purpose of visiting high-altitude landmarks such as Everest base camp or
climbing Mount Kilimanjaro. Travel health specialists are often asked about the prevention
and treatment of acute altitude illnesses and can therefore serve as a possible point of inter-
vention to reduce altitude illness in travelers. Moreover, the trend of increasingly extreme
adventure expeditions on the itinerary of travelers necessitates familiarity with potential
environmental illnesses on the part of the general medical and public health communities.

Travel to high altitudes leads to a drop in barometric pressure, causing a decrease in
the partial pressure of oxygen and, thus, oxygen delivery at the mitochondrial level. There
are a series of physiological responses designed to counteract this, but they are capped
to limited altitudes, even in healthy individuals. There is a wide tolerance throughout
the population for the pressure that will cause failure of these mechanisms, with some
otherwise healthy people having symptoms of acute altitude illness around 2000 m. Of
note is the fact that many popular mountain ski resorts are located above this altitude.

AMS consists of nonspecific symptoms that generally occur above 2500 m in an
unacclimated individual, usually within 4-12 h and up to 72 h of arrival at that altitude.
As per the Lake Louise guidelines, the criteria for AMS diagnosis include altitude-related
headache as well as one of the following: gastrointestinal symptoms, fatigue/weakness,
or dizziness/lightheadedness [8]. AMS can progress to the more severe HACE, for which
the leading signs are truncal ataxia and clouded consciousness [8]. Without appropriate
treatment, HACE can lead to death in as little as 24 h.

HAPE usually occurs after 1-5 days of arrival at altitudes over 2500-3000 m and is
extremely rare below these levels or after 1 week of acclimatization to these altitudes [8].
It is often preceded by AMS. The diagnosis of HAPE requires two of the following symp-
toms: chest tightness or pain, dyspnea at rest, cough, and decreased exercise tolerance,
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as well as two of the following exam findings: crackles/wheezes, cyanosis, tachypnea,
and/or tachycardia [9].

1.4. Strategies for Prevention of Altitude Illness Outlined in the Guidelines

The 2024 update of WMS guidelines are derived from recent evidence based on the
newer search terms of budesonide, acetaminophen, continuous positive airway pressure
(CPAP), and hypoxic tents. Previously recommended prevention strategies against AMS
and HACE remain intact, which include gradual ascent (strong recommendation, moderate-
quality evidence); the use of 125 mg of acetazolamide every 12 h starting the night before
ascent (strong recommendation, high-quality evidence); the use of 2 mg of dexamethasone
every 6 h (strong recommendation, high-quality evidence); the use of ibuprofen in the case
of inability to use acetazolamide and dexamethasone (weak recommendation, moderate-
quality evidence); staged ascent and preacclimatization (strong recommendation, low-
quality evidence); as well as other options such as consumption of coca products. The
herbal medicine Gingko biloba is not recommended for AMS prevention, as trials have
demonstrated inconsistent results due to variation in herb sources, and as such, caution is
advised without knowledge of its source and composition (strong recommendation, low-
quality evidence). New evidence suggests the beneficial effects of budesonide inhalation
for AMS prevention [10,11], but the results were limited by methodological issues and were
not replicable [12,13], leading to the recommendation that inhaled budesonide should not
be used for altitude-related prophylaxis (strong recommendation, high-quality evidence).
Similarly, methodological issues, namely, improper control measures, have arisen in new
evidence pertaining to acetaminophen use as a prevention measure against AMS [14]. These
issues led to new recommendations discouraging acetaminophen use in this context (strong
recommendation, low-quality evidence). There are only two placebo-controlled studies
on the use of hypoxic tents, and neither has shown a statistically significant reduction in
the incidence of acute mountain sickness, preacclimatization, or increasing performance to
reach the summit [2,15]. As a result, the use of hypoxic tents is not recommended in this
context (strong recommendation, moderate-quality evidence). Although in the 2019 review
of the guidelines the recommendation to implement prevention strategies was linked to
risk status, with risk factors including history of altitude illness and altitude of ascent, the
2024 guidelines propose a less stratified approach in risk identification and thus a broader
application of prevention strategies [2].

1.5. Interventions for Treatment of Altitude Illness Evaluated in the Guidelines

Recommendations for therapeutic strategies to alleviate AMS and HACE symptoms
still include altitude descension (strong recommendation, high-quality evidence), use of
supplemental oxygen targeting blood oxygen (SpO2) > 90% (strong recommendation,
high-quality evidence), use of portable hyperbaric chambers for severe cases or inability
to descend (strong recommendation, moderate-quality evidence), use of dexamethasone
8 mg followed by 4 mg every 6 h (strong recommendation, low-quality evidence), and
acetazolamide 250 mg every 12 h (strong recommendation, low-quality evidence). New
evidence suggests that ibuprofen and acetaminophen can relieve headaches at high altitude,
but their therapeutic effects are limited to just that and are therefore not suggested for use
to treat AMS and HACE (strong recommendation, low-quality evidence) [16]. Continuous
positive airway pressure (CPAP), which increases alveolar volume and thus improves
pulmonary gas exchange, has demonstrated feasibility as a potential therapeutic measure
for AMS [17,18], but due to limited systematic research, it cannot be recommended as
treatment. In summary, the 2024 guidelines for AMS and HACE treatment prioritize the
avoidance of further ascent along with close monitoring and symptomatic management of
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mild-to-moderate illness. However, in persistent symptoms or moderate—severe cases, alti-
tude descent is prioritized if feasible, along with adjunctive acetazolamide, dexamethasone,
and supplemental oxygen if available.

HAPE may follow AMS in certain individuals and presents with respiratory symptoms.
Updated WMS guidelines for its prevention remain quite similar regarding strategies such
as gradual ascent (strong recommendation, moderate-quality evidence), use of nifedipine
30 mg extended release every 12 h (strong recommendation, moderate-quality evidence),
use of tadalafil as an alternative to nifedipine (strong recommendation, low-quality evi-
dence), use of dexamethasone if nifedipine and tadalafil cannot be administered (strong
recommendation, low-quality evidence), use of acetazolamide by children for prevention
of AMS (strong recommendation, low-quality evidence), reentry HAPE (strong recom-
mendation, low quality evidence), and preacclimatization through staged ascent when
feasible (strong recommendation, low-quality evidence). However, the WMS no longer
recommends salmeterol as a supplement to nifidepine, given that the dosage deemed effec-
tive by single randomized, placebo-controlled study [19] in reducing incidence of HAPE
also has many unwanted side effects associated with it. In fact, more current research
still calls for randomized control trials investigating the effectiveness of salmeterol as a
pulmonary vasodilator [20].

As for HAPE treatment, recommendations regarding descent (strong recommendation,
high-quality evidence) and the use of supplemental oxygen (strong recommendation, high-
quality evidence) or portable hyperbaric chambers when descent is not feasible or delayed
or supplemental oxygen is unavailable (strong recommendation, low-quality evidence)
remain the highest rated. Phosphodiesterase inhibitors such as tadalifil or sidenafil are
recommended as therapeutic agents but only in the absence of other interventions (weak
recommendation, low-quality evidence). Additionally, similar to the 2014 review on alti-
tude illness [21], the WMS cannot make recommendations on the use of beta-agonists and
dexamethasone due to insufficient evidence and advises against the use of diuretics due to
the risk of intravascular volume depletion in HAPE patients (strong recommendation, low-
quality evidence). CPAP may be considered as an alternate or adjunctive avenue of therapy
but is not highly recommended due to a lack of systematic evidence and limitations on its
overall utility and feasibility (weak recommendation, low-quality evidence). Nifedipine is
recommended only as an alternative solution in the absence of supplemental oxygen, as
new evidence from a prospective cross-sectional study about nifedipine use as an adjunct to
descent and supplemental oxygen showed no additional benefits (strong recommendation,
low-quality evidence) [22]. Updated guidelines recommend against the use of acetazo-
lamide due to a lack of evidence from systematic studies as well as a suspected detrimental
diuretic effect on HAPE patients (strong recommendation, moderate-quality evidence).
The 2024 update to the guidelines for treating HAPE prioritizes oxygenation of affected
individuals within the treatment sequence followed by descent and the aforementioned
pharmacological interventions in the event of stagnant and/or progressive symptoms [2].

The WMS provides no updates on guidelines for therapeutic approaches to take
regarding patients with concurrent HAPE and HACE. Dexamethasone at a dosage of
2 mg every 6 h or 4 mg every 12 h should be added to the treatment regimen [2], with
caution being taken with HAPE patients with neurologic dysfunction, which may often be
misdiagnosed as patients suffering from HACE.

The 2024 update of WMS guidelines on acute altitude illness recognizes the impact of
the COVID-19 pandemic on travel trends. In addition, those who may experience cardiopul-
monary complications as a result of COVID-19 may be at greater risk of altitude illness and
emergencies. As such, careful cardiac and respiratory evaluation in those with persistent
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COVID-19 symptoms, events of COVID-19 related myocarditis, or thromboembolic disease
is warranted [2].

Through expert consensus, the WMS has provided thorough updated recommenda-
tions on AMS, HACE, and HAPE prevention and management strategies such as, but not
limited to, pharmaceutical interventions.

1.6. Definitions and Epidemiology of Frostbite Highlighted in the Guidelines

Adventure travel to cold climates coupled with increasingly extreme and unpredictable
weather events places travelers at risk of frostbite. This is common in those who travel
to high altitudes, where the temperature is often well below freezing; however, frostbite
also occurs at lower altitudes, for example, when travelers visit cold destinations for
winter activities, such as skiing, or when they visit geographies with large and unexpected
temperature swings, such as deserts. Frostbite also occurs in contexts outside of travel,
specifically in individuals living in cold climates. Individuals without stable housing are at
highest risk in this setting.

Frostbite is a freezing injury that represents a spectrum of four phases: prefreeze,
freeze—thaw, vascular stasis, and late ischemia. In prefreeze, there is no actual ice crystal
formation, but instead, there is tissue cooling with associated vasoconstriction and ischemia.
Hyperesthesia or paresthesia can occur due to neuronal cooling and ischemia. In the
freeze—thaw phase, ice crystals form in the tissue, leading to cell death. During the thawing
phase, a reperfusion injury and inflammatory response can occur. During the vascular
stasis injury phase, there is plasma leakage from vessels, as well as vasospasm and stasis
coagulation. In late ischemia, there is progressive tissue ischemia and infarction [3].

Frostnip is a superficial non-freezing injury that often precedes frostbite but is a
distinct entity. Similar to thermal burn injuries, frostbite can be classified based on the
depth of the injury [21]:

e  First-degree frostbite leads to erythema and numbness. There is no gross tissue
infarction, and damage is not generally permanent.

e  Second-degree frostbite leads to blisters forming that can be filled with milky fluid.
There can be lasting numbness and cold sensitivity.

e  Third-degree frostbite results from freezing of tissue below the layers of skin. There
can be blue-grey discolouration of the skin, and weeks after the injury, pain can persist
and an eschar can form. Patients can have long-term ulceration and damage to the
growth plates.

e  Fourth-degree frostbite results from freezing in deeper structures, such as the muscles,
tendon, or bone. The skin becomes colorless and hard, and there is painless rewarming.
Later, the skin becomes black and mummified before permanent damage leads to
autoamputation over several months.

For field classification, after rewarming but before imaging, an alternate two-tiered
system is favored. Frostbite can be classified as superficial, with no or minimal anticipated
tissue loss (corresponding to first- and second-degree injury), or deep, with anticipated
tissue loss (corresponding to third- and fourth-degree injury).

The 2024 updated WMS guidelines outline one additional in-hospital method of
classification of post-thaw frostbite injury: the Cauchy classification [23] method. The
Cauchy classification method uses a graded system, ranging from 0-5, to determine the
extent of anatomical frostbite injury, where higher grades correspond to more proximal
injuries. The overall severity of injury is then graded on a scale from 1-4. This method
assists caregivers in predicting amputation risk and informing evacuation decisions. The
Hennepin score [24], which measures frostbite injury severity based on total body surface
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area (similar to measuring thermal burns) was included in the 2019 guidelines but is no
longer used as a method of classification in the updated 2024 guidelines.

1.7. Strategies for the Prevention of Frostbite Outlined in the Guidelines

The WMS emphasizes the importance of prevention measures against frostbite injuries,
as treatment interventions are less likely to be fully restorative. Three main categories of
prevention strategies are outlined in the guidelines, namely, maintaining peripheral perfu-
sion, exercise, and protection from the cold. Peripheral perfusion guidelines aim to prevent
factors that may compromise blood flow, such as drugs, alcohol, and constrictive clothing,
and to maintain peripheral perfusion through adequate nutrition and oxygenation (strong
recommendation, low-quality evidence). Exercise is recommended as a method of promoting
peripheral perfusion, as evidence suggests an increase in extremity vasodilation following
physical activity (strong recommendation, moderate-quality evidence) [25,26]. As for protec-
tion from the cold, the guidelines recommend appropriate outerwear in cold temperatures,
the use of electrical and chemical warmers, and cautionary measures such as minimizing
the duration of exposure to cold (strong recommendation, low-quality evidence). The 2024
WMS guidelines now recommend avoidance of environmental conditions that predispose to
frostbite as less than 0 °C (some risk at 0 to —15 °C, increasing risk below —15 °C), whereas
the 2019 guidelines recommended avoidance of conditions less than —15 °C.

1.8. Interventions for Treatment of Frostbite Evaluated in the Guidelines

Recommendations for field treatment and secondary prevention of frostbite injuries
mainly revolve around avoiding refreezing of tissue, as that triggers further thrombosis and
cellular injury (strong recommendation, moderate-quality evidence) [27-29]. Treatment
guidelines are presented for two scenarios: (1) frozen tissue is not actively thawed due
to potential of refreezing, or (2) frozen tissue is thawed with no further risk of refreezing.
In the first scenario, where active thawing cannot occur, immediate evacuation from the
cold should be prioritized, and the patient should seek medical care. Expert opinion from
the WMS panel suggests that the affected area should be immobilized, or if mobility is
unavoidable, that the frozen area should be well padded, splinted, and kept as immobile as
possible to prevent further trauma (weak recommendation, very-low-quality evidence). No
evidence supports dressings to the frozen part, but if one is considered, a dry clean gauze
that does not restrict mobility should be applied (weak recommendation, very-low-quality
evidence). Alternatively, if active thawing is feasible, rapid rewarming with continu-
ous warm water bath immersion, at a temperature of 37 to 39 °C, should be performed
for approximately 30 min or until the affected tissue becomes erythematous and pliable
(strong recommendation, moderate-quality evidence). If active field rewarming cannot
be performed, passive or spontaneous thawing is recommended (strong recommendation,
low-quality evidence). Secondary treatment strategies include the application of antiseptics
to rewarming water (weak recommendation, very-low-quality evidence), dressings (strong
recommendation, low-quality evidence), and topical aloe vera (weak recommendation,
very-low-quality evidence). Other priorities include administration of pain-control agents
(strong recommendation, low-quality evidence), supplemental oxygen in hypoxic patients
(oxygen saturation < 88%) or at altitude > 4000 m (weak recommendation, low-quality
evidence), limited debridement of blisters (weak recommendation, low-quality evidence),
elevation of extremities (strong recommendation, low-quality evidence), and immobiliza-
tion of the affected limb (weak recommendation, low-quality evidence), as recommended
based on expert opinion and/or observational and case studies [30-33]. Frostbite injuries
may be accompanied by mild hypothermia, vascular stasis, and hypovolemia, all of which
can be treated concurrently with thawing of frostbite injuries (strong recommendation,
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low-quality evidence). Moderate and severe hypothermia, however, should be treated be-
fore management of frostbite injuries. Evidence from animal trials [31,34-38] supports the
administration of antithrombotic agents, including low-molecular-weight dextran (LMWD)
and ibuprofen. LMWD should be administered when systemic therapies, such as throm-
bolytics or iloprost, are not available or not feasible (weak recommendation, low-quality
evidence). The low risk of anaphylaxis and minimal risk of bleeding, where benefits appear
to outweigh risks, should not deter the administration of LMWD. Ibuprofen should be
administered routinely in the field at a dose of 12 mg/kg/day divided twice daily to a
maximum of 2400 mg/day divided four times daily (weak recommendation, low-quality
evidence). There have been no changes to field management strategies in the 2024 update.

Initial hospital management of frostbite injuries is summarized in Table 1. Since the
2019 review of frostbite injury management, updates have been made to the guidelines re-
garding thrombolytics, imaging, and heparin as well as the newly added recommendation
for the usage of iloprost, a prostacyclin analogue. As of 2022 inclusive, the recommendation
for immediate intravenous (IV) or intra-arterial (IA) thrombolytic therapy for deep frostbite
injuries has been further validated through evidence from one randomized controlled
prospective trial (tPA plus iloprost, n = 16) [39], one retrospective observational study
(n = 125) [40], three retrospective cohort studies (1 = 59) [41-43], eleven retrospective case
series (n = ~200) [44-54], and three case reports [55-57]. The WMS guidelines recommend
the administration of IV or IA tPA for the treatment of severe frostbite (Cauchy Grade 3 or 4)
within 24 h of injury, especially in cases where iloprost is unavailable (strong recommen-
dation, low-quality evidence). New in the 2024 guidelines is that tPA started early at
remote community hospitals prior to transfer to tertiary care centers with appropriate
intensive care monitoring capabilities may safely decrease rates of amputation [58] (strong
recommendation, low-quality evidence). The 2024 guidelines have also clarified dosing
regimens for both routes of administration. IV tPA is typically dosed at 0.15 mg/kg bolus
followed by 0.15 mg/kg/h for six hours with concurrent heparin for 3-5 days. Although
IA dosing varies, a typical regimen is a 2—4 mg bolus followed by 1 mg/h for 2448 h, with
concurrent heparin or LMWH. The WMS guidelines for imaging as a means of assessing
possible amputation dimensions have been updated to include single photon emission
computed tomography (CT)/CT as a possible technique, as per evidence provided by Kraft
and colleagues in a study assessing the ability of this technique to enable early and precise
anatomic localization of nonviable tissue in seven frostbite patients [59,60]. New to the
2024 guidelines is a recent study that utilized multiphase [Tc99m]-MDP bone scintigraphy
with SPECT/CT in the setting of severe frostbite injury [61]. The updated guidelines
continue to recommend the use of appropriate imaging to evaluate tissue viability and
guide decisions around amputation, where available (weak recommendation, low-quality
evidence). Research into the use of iloprost, a potent vasodilator, by the WMS panel was
inspired by the first account of intravenous iloprost therapy for frostbite patients, which
resulted in recovery without amputation in 100% of the patients [62]. Randomized trials
and case series demonstrated that iloprost showed favorable effects if administered within
72 h of injury, with no serious side effects reported afterwards [39,46,63,64]. In the up-
dated 2024 guidelines, iloprost is recommended for deep frostbite extending to the distal
interphalangeal joint or proximal (Cauchy Grades 2—4) within 72 h of injury (strong recom-
mendation, low-quality evidence) [64-66]. In the 2019 guidelines, a starting administration
rate of 0.5 ng/kg/min with a gradual increase to a maximum rate of 2.0 ng/kg/min for 6 h
daily is suggested; however, no dosing regimen is listed in the 2024 guidelines. Updates
on the duration of iloprost therapy suggest a reasonable starting point of 5-8 days, which
can be shortened or extended based on imaging findings of tissue reperfusion. Both sets of
guidelines comment on the lack of evidence surrounding the use of heparin or LMWH as a
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monotherapy in frostbite management; as such, heparin monotherapy is not recommended
(weak recommendation, low-quality evidence). The 2024 guidelines now support this
recommendation due to low-quality evidence rather than insufficient data, as listed in the
2019 guidelines. Although heparin is used concurrent with tPA protocols, as described
above, there are insufficient data to recommend its use with iloprost.

Post-thaw medical interventions that are recommended include hydrotherapy (strong
recommendation, low-quality evidence), hospitalization for deep frostbite or monitoring of
complications and high-risk individuals (weak recommendation, low-quality evidence),
fasciotomy in cases of compartment syndrome (strong recommendation, low-quality evi-
dence), and surgical interventions and amputation if deemed necessary (strong recommen-
dation, low-quality evidence). Hyperbaric oxygen therapy cannot be recommended due
to insufficient evidence; however, retrospective data and a prospective case-control study
demonstrate improvement in wounds following hyperbaric oxygen [3,39,67]. New to the
2024 guidelines is a recommendation to not perform sympathectomy (weak recommen-
dation, low-quality evidence). Previously, in 2019, no recommendation was made due to
insufficient evidence.

Frostbite injuries have the potential to cause long-term, irreversible detriments. Al-
though there are many effective frostbite management strategies that can reduce injury and
risk of morbidity, the updated WMS guidelines identify several areas for future research.
These include better elucidation of frostbite pathophysiology, medications for prevention
of frostbite, peri-thawing procedures to minimize injury, and post-thawing therapies to
improve long-term outcomes.

1.9. Definitions and Epidemiology of Avalanche and Non-Avalanche Snow Burial Highlighted in
the Guidelines

Globally, mountainous regions at risk for avalanches are numerous and attract many
visitors. In the context of a warming planet and extreme weather events, glacier regions and
hard-packed snow are increasingly destabilized, placing adventurers at risk of avalanche
and burials. Snowmobilers, skiers, snowboarders, mountaineers, and snowshoers are
among the groups with the highest number of documented avalanche fatalities in North
America and Europe [5]. For others, such as mountain guides, rescuers, or ski patrols,
the risk is occupational. Approximately 75% of avalanche fatalities are attributed to
asphyxiation, which can occur through snow inhalation, ice mask formation, or oxygen
deprivation. Close to 25% can be attributed to major injuries of the head, spine, and
extremities. Other cases can be explained by mild, moderate, or severe hypothermia, as
graded by WMS practice guidelines. As avalanche-related injuries are of high severity
in their nature, the WMS has presented guidelines pertaining to prevention, rescue, and
resuscitation. Pre-travel practitioners should have a basic understanding of these methods
to allow for better counselling of patients prior to travel.

1.10. Strategies for Prevention of Avalanche and Snow Burial Outlined in the Guidelines

Prevention guidelines fall within the categories of avalanche avoidance, burial avoid-
ance, trauma minimization, and asphyxia avoidance. Avalanche avoidance can be facil-
itated by appropriate training and knowledge of terrains and avalanche routes (strong
recommendation, low-quality evidence). To avoid burial as a result of an avalanche, expert
consensus recommends that travelers practice slope cutting, a method of testing slope sta-
bility, and carry belays, which are a type of anchor. Additionally, based on case studies and
theoretical considerations, it is recommended to maintain physical movements in order to
counteract the flow of an avalanche in an attempt to avoid burial (strong recommendation,
low-quality evidence) [68]. Avalanche airbags, which have shown an 11% reduction in
mortality rate in retrospective studies of avalanche accident records from Europe and North
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America, are recommended as an essential item to carry and become well familiarized with
prior to entering high-risk areas (strong recommendation, moderate-quality evidence) [69].
Use of helmets can theoretically reduce the risk of traumatic brain injuries secondary to
avalanche events, although there is a paucity of evidence in the literature regarding this
(strong recommendation, low-quality evidence). In the event that one is caught in an
avalanche, it is recommended to create an air pocket manually through covering of the
mouth to reduce the risk of asphyxiation (strong recommendation, low-quality evidence),
or with the use of an avalanche airbag (strong recommendation, low-quality evidence).
Alternatively, an artificial air pocket device can be used, which diverts exhaled carbon
dioxide and can prevent ice-mask formation (strong recommendation, low-quality evi-
dence). Although no studies have been conducted to compare mortality amongst users
and nonusers, a randomized, crossover-controlled trial has demonstrated that usage of an
artificial air pocket device can allow for sufficient oxygenation for up to 60 min [70].

1.11. Interventions for Treatment of Avalanche and Snow Burial Evaluated in the Guidelines

Rescue of avalanche victims is recommended to follow a sequence involving establishing
a team and outlining a clear plan. The rescue team must first establish leadership and secure
the scene prior to performing a surface search. Following a surface search, transceiver searches
are recommended, given that victims also carry transceivers, as evidence shows that this
results in a reduction in burial time from 102 min to 20 min, resulting in reduction in mortality
rate from 68% to 54% (strong recommendation, moderate-quality evidence) [71]. Location-
specific methods, such as probe searching (strong recommendation, low-quality evidence)
and strategic shuffling, are recommended as the sequential next step. From there, rescuers
can proceed by shoveling strategically, applying medical care, and evacuating the victims.
Emergency services can be notified at a time deemed appropriate by the rescue team, such
that it does not interfere with time-sensitive steps. Within professional rescue settings, it is
recommended to employ a standardized command approach, termed an Incident Command
System, to systematically delegate roles and apply adjunct search strategies such as usage
of probe lines, RECCO radar systems, canine searches, and helicopter recoveries (strong
recommendation, low-quality evidence). In the event of multiple burials, rescue teams should
adhere to the recommendations of the International Commission of Mountain Emergency
Medicine. Teams may use search-and-excavate protocols such as AvalLife, which involves
search and excavation, followed by out-of-hospital medical treatment and then hypothermia
staging and initial cardiopulmonary resuscitation (CPR) prior to transport of patients to a
medical facility (weak recommendation, low-quality evidence).

Medical interventions to be applied upon discovery of an avalanche victim depend
highly upon prognostic factors such as severity of injuries, duration of complete burial,
core temperature, airway patency, and serum potassium levels. Situational guidelines
have been made to optimize cardiopulmonary resuscitation (CPR) and extracorporeal
life support (ECLS) efforts, as prolonged and unjustified efforts still lead to low survival
rates [72-74]. The severity of injury (if present), duration of complete burial, airway patency,
core temperature, initial serum potassium, and the Hypothermia Outcome Prediction after
extracorporeal life support scores are just some of the prognostic factors to be considered
for ECLS efforts. Resuscitation should be initiated after assessing life-threatening injuries
that need primary attention. Next, core temperature and duration of burial should be
investigated; if duration of burial is <60 min and core temperature is >30 °C, standard
CPR should be initiated and performed for 30 min, after which attempts may be ceased
due to low chances of survival (strong recommendation, moderate-quality evidence). If
the duration of burial for a victim with a patent airway is >60 min and core temperature
is <30 °C, cardiac arrest may be attributed to hypothermia, and therefore ECLS should be
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pursued along with CPR for as long as necessary (weak recommendation, moderate-quality
evidence). Defibrillation is another recommended treatment for cardiac arrest avalanche
victims, and clinical and experimental evidence suggests that the best results arise from
defibrillation of victims with a higher core temperature (>30 °C). However, victims with
a core temperature <30 °C may still be defibrillated 1-3 times, and if unsuccessful, they
may be administered standard CPR until core temperature raises (strong recommendation,
moderate-quality evidence). In addition, unconscious victims may benefit from endotra-
cheal intubation as a means of assisted ventilation, especially if hypercapnia is suspected
(strong recommendation, moderate-quality evidence), in addition to mechanical chest
compressions, specifically during difficult and long transports (strong recommendation,
low-quality evidence). In victims with a much lower core temperature (2028 °C), delayed
or intermittent resuscitation with 5-10 min rest periods is recommended, as supported
by evidence from case studies (weak recommendation, low-quality evidence) [75-77]. In
conditions where the victim has sustained a traumatic cardiac arrest (weak recommenda-
tion, low-quality evidence) or is found after over 60 min of burial, pulseless, and apneic
or in asystole with a core temperature > 30 °C or with a core temperature <30 °C and an
obstructed airway, resuscitation may be withheld or terminated (strong recommendation,
moderate-quality evidence). In addition, a serum potassium concentration of >8 mmol-L~!
may be grounds for withholding resuscitation, as the highest recorded potassium level
in an avalanche survivor was 6.4 mmol-L~! (strong recommendation, moderate-quality
evidence) [78]. Rescuers should also assess for risks posed by the environment to their own
safety prior to commencing resuscitation efforts and opt for transfer of victims to ECLS or
trauma centers, correspondingly.

Non-avalanche snow burial, which is composed of head-first immersion into tree wells
or deep powder snow, is less represented within the published literature. Aside from case
reports, only one review article and one small burial simulation study exist [79,80]. As such,
data regarding self-extrication remain contradictory, specifically with respect to whether
performance of rocking motions and removal of active gear (e.g., skis, snowboards) can
truly complement survival efforts. No evidence exists on the use of transceivers, airbags, or
AAPD:s for better survival. Therefore, the WMS recommends avoiding outdoor activities
near tree wells or deep snow as means of preventing non-avalanche snow burial, and in
the event of an accident, a visual clue to rescuers can increase the chance of survival (weak
recommendation, low-quality evidence).

The WMS has provided guidelines for prevention, field, and hospital management
of avalanche- and non-avalanche-related snow burial, including rescuer guidelines that
would optimize rescue efforts while ensuring safety. Nonetheless, as consequences of snow
burials tend to be severe, the most important aspect of avalanche safety is their avoidance
through appropriate education about routes and practices and employing good judgement.

2. Discussion

Since 2010, the WMS has accumulated evidence and presented guidelines regarding
wilderness-environment-related injuries and illness. The guidelines address considerations
from prevention to management and treatment of environmental illnesses. As new evidence
has emerged, prevention and treatment strategies, as well as their respective gradings,
have been updated for guidelines on acute altitude sickness, frostbite, and avalanche and
non-avalanche snow burials, for which a summary can be found in Table 2.
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Table 2. Summary of 2024 WMS altitude illness [2], frostbite [3], and avalanche/snow burial [4]
guideline updates and appraisal of evidence.

Reported Guideline Reported Reason . Study Type Reported Relevant
Recommendation and Evidence Grade Study Cited (Sample Size) Findings and Limitations
Altitude illness

Though small RCT (n = 50);
improvement in . .1
. : Intervention: 200 pg Relevant finding;:
ot o bttt ruration was reponid Berger MMtal  Dudesonide (1-16),  Inhalation of budesonide
for altitude illness results could not be SRHE (2017) [12] 800 g (n=17); doe:f;:zi giveuirilg;l;frmant
prophylaxis. replicated in more Comparator: as ex}Zhan o y
methodologically sound lactose-monohydrate 8 ge.
clinical trials. (placebo; 1 = 17).
RCT (n =103);
Lipman GS et al Intervention: acetazolamide Bude?oerlligzrx;?i(rlfe?f%éctive
(2018) [13] (n = 15), budesonide (n = 24); for the prevention of acute
Comparator: placebo mountain sickness.
(n=11).
Limitations: There was a
Prospective randomized trial lack of placebo-control
(Tl =225 *). group comparison.
Acetaminophen i Intervention: acetaminophen The participants were
should not be used Stgjrﬁisleiég;ﬂigser SRLE Karggg?;)\I[(]Z ﬁt al. (1 = 113), ibuprofen (n = 112);  recruited ata high-altitude
for AMS prevention. : site, rendering any AMS
Comparator: N/A incidence results potentially
confounded by the
excluded since enrolment. preventive effect of
preacclimatization.
Relevant finding: Sleeping
in a normobaric hypoxic
7. tent for 14 consecutive
Hypoxic tents are not On the basis of evidence RCT (n =76); nights reduced symptoms
recommended for from a'Placebo—controlled Intervention: hypoxic tent and incidence of AMS at
facilitating iuntélilctztzgl;i}lloag SRME De(gr(}it) %% al. (n=37; 1 =21 for analysis); higher altitudes later on.
accrlémei[:izrf h?;llv?g d incident of AMS Comparator: normoxic tent Limitations: Technical
prev & ) among users. _ 3?’8 ~ 2'1 P lvsi difficulties led to
(n =38, n =21 for analysis). inconsistencies in hypoxic
dose received by a number
of participants.
A randomized controlled : - 74)
Acetaminophen can trial has found that Prospective RCT (n = 74); Relevant finding:

b d tp treat acetaminophen can be Intervention: acetaminophen Acetaminophen was as
heeaga?She 3t f\eiah used to alleviate SRLE Harris NS et al. ( n.= 35); P effective as ibuprofen in
Altitade bt notgto high-altitude headache, (2003) [16] z treating high-altitude

treat AMS or HACE but there is no evidence Comparator: ibuprofen headache, a common
© ofits ability to effectively (n = 39) symptom of altitude illness.
treat AMS or HACE. ’
A randomized controlled Relevant fin_ding:
b ‘ b trial has found that Prospective RCT (n = 74); Ibuprofen, which was
upr(gl €n can be ibuprofen can be used to Intervention: acetaminophen  chosen as the comparator in
hegzleac}tg ;eﬁit h alleviate high-altitude SRLE Harris NS et al. (n=35); this study, was deemed
ltitude but tgt headache, but there is no (2003) [16] effective in treating
altitude but not to evidence of its ability to Comparator: ibuprofen high-altitude headache
treat AMS or HACE. - - /
effectively treat (n=39). a common symptom of
AMS or HACE. altitude illness.
Two-part crossover study
(n=>5,n=14),
Part 1: AMS prevention
Intervention: overnight CPAP
No recommendation Although feasibility (n=>5); Relevant finding:
can be made of administering |
i Comparator: no CPAP CPAP was useful
regarding use of CPAP to treat Johnson PL et al. P (n=5); for raising oxyhemoglobin
continuous positive AMS has been N/A ’

airway pressure
(CPAP) for
AMS treatment.

demonstrated, there is a
lack of systemic research
to support it.

(2013) [17]

Part 2: AMS treatment

Intervention: CPAP while
awake + overnight CPAP
(n=14);

Comparator: no CPAP at time
of recruitment (1 = 14).

saturation as part of
treating AMS in
high altitudes.
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Reported Guideline Reported Reason : Study Type Reported Relevant
Recommendation and Evidence Grade Study Cited (Sample Size) Findings and Limitations
Relevant finding;:
The use of a portable
Walmslev M CPAP device,
almsley M. _ in adjust to pharmaceutical
tn=1
(2013) [18] Case report (n =1) treatments for AMS, HAPE
and HACE, showed a
marked improvement in
oxygen saturation.
Relevant finding;:
Although in a Inhalation of salmeterol
randomized controlled _ both decreased the
trial it was demonstrated RCT (n = 37); incidence of pulmonary
that salmeterol decreased edema and alleviated
Salmeterol is not HAPE incidence, it also Sartori C ot al Intervention: salmeterol hypoxemia-related
recommended for caused side effects such ~ WRME a(E(?(E) [1e9la ) (n=18); symptoms of AMS.
HAPE prevention. as tremor and
tachycardia. Furthermore, Comparator: placebo Three participants
there is limited clinical (n=19). (two from the intervention
experience to support group) reported tremor
such findings. and/or nocturnal
palpitations.
One non-randomized Relevant finding;:
unblinded study showed Nifedipine (10 mg
benefits of nifedipine in sublingually, 20 mg
) etibsencte_ of othlebr " slow-release) was an
soditg Interventions, albel effective treatment for all
leigéglgrsgzgg be at a dose that is no six participants with
longer recommended. Nonrandomized, unblinded moderate-to-severe HAPE,
treatment when 'According to ltine in b
descent is impossible a prospe c%ive study (1 =6); resu tlftl_g n Ztter q
or delayed and : / . o oxygenation, reduce
reliable };ccess to ;éc.)s_s-secftlo}rfmtli.stgdy SRLE (?f;égo) [estla]l. Intervention: nifedipine alveolar arterial oxygen
supplemental oxygen gesclet;gnoi mei ;}:g‘i;;’t (n=6); gradient and pulmonary
or portable di ci noi’g ro;/ide Comparator: N/A artery pressure, as well as
hyperbaric therapy additionalFl).)enefit . ’ ’ clearing of alveolar edema.
is unavailable. o No co-interventions were
terms of time to administered. As such,
resolution of hypoxemia it may serve as an
and radiographic emergency intervention
opacities or hospital when descent is
length of stay. not possible.
Relevant finding: All HAPE
patients fully recovered.
Alongside the intervention
and comparators, all
tient: treated with
Prospectic\lze cro_ssl—i‘.ec.tional padleesr; ei?ilfpprf:nf en‘t?l
study (n = 110); oxygen, and bed rest. For
Deshwall R et al. Intervention: oral nifedipine the momt?redt.outcgmets' of
(2012) [22] (alternating patients); OXygen satration, duration
of hospitalization, time
Comparator: placebo needed f01i htl.ng cre%itation
1t t tients). resolution, an
(alternating patients) radiographic findings, there
were no statistically
significant differences
between the nifedipine and
placebo groups.
Relevant finding: CPAP
administered to HAPE
CPAP may be subjects, at rest at high
considered altitudes, resulted in
for treatment of Although CPAP may be improved gas exchange.
HAPE when considered as an alternate Experimental study In the control group,
supplemelntal oxygen  or adjunctive avenue of (total: n = 17; HAPE group: non-HAPE subjects
or pulmonary therapy, it is not highly n = 4; control group: n = 13); participating in rigorous
vasodilators are not recommended due toa ~ WRLE ~ Schoene RB etal. group

available or as
adjunctive therapy in
patients not
responding to
supplemental
oxygen alone.

lack of systematic
evidence and limitations
on its overall utility
and feasibility.

(1985) [82]

Intervention: CPAP (n = 17);
Control: N/A.

activity at high altitudes,
CPAP resulted in greater
arterial oxygen saturation
at the expense of greater
minute ventilation and
heart rate. CPAP is
recommended when
descent is not a
viable option.




Int. ]. Environ. Res. Public Health 2025, 22, 284 15 of 22
Table 2. Cont.
Reported Guideline Reported Reason : Study Type Reported Relevant
Recommendation and Evidence Grade Study Cited (Sample Size) Findings and Limitations
Relevant finding: Multiple
Case series (n = 11); treatments were used
Acetazolamid Although there are on all patients, with some
cetazolamide L . ; i
clinical accounts of Intervention: bed rest, patients receiving
should not be used acetazolamide use, there ~ SRLE Fagenholz IJ et al. oxygen, nifedipine and additional pharmacological
for treatment PO (2009) [83] : . ;
of HAPE are no systematic studies acetazolamide (n = 11); therapeutics. Methodology
’ to support its use. does not permit
Control: N/A. sound comparison
of effectiveness.
Retrospective case series
(n =56);
Limitations: Methodology
Intervention: 83% received does not permit sound
Jones BE et al oxygen therapy, and 87% comparison of effectiveness.
(2013) [84] ’ received nifedipine, 44%
sildenafil, 32% )
dexamethasone, and 39% No comparison of
acetazolamide; inter-physician variability.
Control: N/A.
Although further Through 2022, the
studies are needed to _ recommendation for o .
determine the 1mmec11ate mtrayerllous Relevant finding: Risk of
absolute efficacy of or intra-arteria amputation following
tPA for frostbite thrombolytic therapy Randomized open-label trial ~ treatment of severe frostbite
injury a?\(;l tod .fo.r dgep hfrgs};blte (n = 47); t}vlvats sig.nitﬁcantlty lower in
compare IV an injuries had been e two intervention groups
intra-arterial tPA to turther validated Intervention: (0% and 19%, respectively)
IV prostacyclin, through evidence from (1) aspirin and iloprost compared to the control
monitored one randomized. SRLE Cauchy E et al. . (n = 16) group (60%).
administration of IV controlled prospective (2011) [39] (2) aspirin, iloprost, and
or intra-arterial tPA trial (tPA plus iloprost, fibrinolytic agent, tPA (1 = 16); Study could not rule out
within 24 h O(f‘1 lrgliry n = 16), one retrospective Control additive effect posed by tPA
1s recommended for observational stud ontrol: i i i
the treatment of (i=125), aspirin and buflomedit " QU TG Second
severe frostbite three retrospective cohort (n=15). intervention regimen
(Cauchy Grac_:le studies (n = 59), should be considered on a
3 ar}d.4), eSPe?laHY eleven retrospective case case-by-case basis.
if 1lopr_ost 1s series (1~200),
not available. and three case reports.
If ayailable, ) Retrospective case series
appropriate imaging,  Kraft et al. demonstrated n=7,n=19
including single the ability of single frostbite injuries);
photon emission photon emission CT/CT Relevant finding;:
computed tomography to enable early and WRLE Kraft C et al. Intervention: use of In six patients, the
(CT)/CT, should be precise anatomic (2017) [60] SPECT/CT to assess tissue intervention led to more
used to assess tissue  localization of nonviable viability in treatment distal amputation.
viability and guide tissue in a study assessing planning for frostbite injuries;
timing and extent of seven frostbite patients.
amputation. Control: N/A.
A randomized trial
assessing the efficacy
of aspirin plus 1)
buflomedil; 2) iloprost;
or 3) intravenous tPA plus
iloprost in 47 frostbite Relevant finding: Risk of
patients found a 0% amputation following
. . amputation rate in the Randomized open-label trial ~ treatment of severe frostbite
Consider 1lopr95t iloprost group. From (n = 47); was significantly lower in
for deep frostbite randomized trials to case . the two intervention groups
(Cauchy Grades 2-4) series, iloprost showed Intervention: (0% and 19%, respectively)
to or proximal favourable effects if Cauchv E et al (1) aspirin and iloprost compared to the control
imerphalangesjont 73ROy o SN U () aspnn doprot, and sroup (607%)
]u y’ wi - - . . 4 4
within 72 h serious side effects fibrinolytic agent (1 = 16); Limitations include wide

after rewarming
but ideally as soon
as possible.

reported afterwards.

Other bodies of evidence
examining the use of
iloprost for frostbite
include a systematic

review that included the
aforementioned RCT

(n = 1), one retrospective
observational study

(n=90), and four case series.

Control:
aspirin and buflomedil
(n =15).

confidence intervals as well
as a lack of ischemia
documentation with
appropriate diagnostic
modalities prior to
therapy initiation.
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Table 2. Cont.

Reported Guideline Reported Reason . Study Type Reported Relevant Findings
Recommendation and Evidence Grade Study Cited (Sample Size) and Limitations
Avalanche and Non-avalanche Snow Burial Accidents
Relevant finding: 92% of
participants were able to
Prospective cohortstudy Ui S0 e
An airbag that Maintenance of normal (n=12); maintaining oxygenation levels.
deflates after burial vital signs for a range of L
may help prevent 49-60 min with airbag sRLE  Mclntosh SE et al. Intervention: airbag Results reflect the potential of
asphyxia by creatin: deployment prior to (2020) [85] deployment and subsequent air bags to delay asphyxiation
phyxaa by & poy p snow burial with pre- and & y asphy .
an air pocket. snow burial. post-intervention under proper condition only; if
o : : there is an oral or nasal
monitoring of vital signs. obstruction, air bag deployment
may not provide
the same benefits.
Relevant finding: Use of Monte
Carlo simulations of the
Avalife algorithm, derived
from retrospective analysis of
1070 full burials and large
As per AvaLife plé);};{egltlvetfleldt te6sts,'hm1tmg
Mountain rescue guidelines, CPR to be S guration fo b min may
organizations limited to 6 min in mass . Experimental observational ~ Provide the Greatestﬂgoc')d for
should be prepared casualty incidents for EO Gerév(;zzeér)‘l [SMé]Et al. simulation field study the greatest number” with a
to manage multiple victims who are (n = 1070 full burials). limited number of
burial accidents. normothermic and available rescuers.
buried >150 cm deep. The main limitation is that this
was an experimental study
without human participants;
the reported number of uses for
this algorithm in real-life
avalanche burials are low.
Limitations noted
are as follows:
(1)  Overestimation of risk of
Evidence-based clinical Ca.iilac arrest mafy OCC;.r
Core temperature Level of . guidelines on clinical staging wi plﬁsence ol condi-
(where measurable) €ve O CONSCLOUSNESS of accidental hypothermia tions that may impair
the Revised Swi has the best correlation . . consciousness such as
or the Revised Swiss with core temperature Musi ME et al. (Revised Swiss System, I d
System can be used L p , SRME us eta tof th trauma, asphyxia, an
to estimate the risk which is a parameter the (2021) [87] as part ot the HACE;
 hvpothermi RSS uses to assess risk of Recommendations Qf the (2)  Use of level of conscious-
of hypothermic cardiac arrest International Commission ness as a single triagi
cardiac arrest. ’ for Mountain &i¢ triaging
Emergency Medicine) factor poses a limitation
’ when considering a single
core temperature could
manifest in different lev-
els of consciousness.
Relevant finding;:
Hypothermic cardiac
arrest is associated with
decreased levels of ETCO,
and pH-stat PaCO, than
non-hypothermic
cardiac arrests.
Limitations include
Hypothermic cardiac Case—control study of the following:
EtCO, < 10 mm arrest is associated with a cardiac arrest patients 1) No adjustment for poten-
Hg should not be ngfgs{hgircn?cz Ct;adr;ac SRHE Darocha T et al. (n=131); tial confounders such as

used to predict
a fatal outcome.

arrest and should not be (2022) [88]

used as a measure to
predict a fatal outcome.

Cobhorts: hypothermic
(n = 39) vs. non-hypothermic
(n=92).

quality of chest compres-
sions and ventilation rate;

(2)  Possible systematic bias
introduced by the poten-
tial time lag between the
measurements of ETCO2
and PaCO2;

(3)  Only the first measure-
ment of the parameters of
interest were included in
the analysis;

(4)  Statistical limitations with
a study of 131 patients.
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Table 2. Cont.

Reported Guideline
Recommendation

Reported Reason Grade Study Cited Study Type Reported Relevant Findings
and Evidence

(Sample Size) and Limitations

Provision of
psychological
assistance to
avalanche victims
and rescuers is
recommended.

formal support.

Relevant findings:

(1)  Among the 13 first respon-
ders interviewed, symp-
toms of substance use dis-
order, depression, anxiety,
panic, acute stress disor-
der, post—traumatic stress
disorder, and adverse ef-
fects on personal relation-
ships were noted.

(2) There is a lack of formal
psychological support for
avalanche first responders.

Avalanche rescuers Limitations include
are at risk of Dolan N Qualitative study the following:
psychological burden SRLE  and Tedeschi C (n = 13 avalanche first (1)
and would benefit from (2018) [89] responders included). The study sample displayed

underrepresentation  of
female and layperson
responders and had geo-
graphical limitations;

(2)  Possibility of reporting
bias, as interviews were
conducted over the phone
on sensitive topics that are
difficult to communicate;

(3)  The variability in avalanche
rescue experience con-
founded the participants’
experience of rescues and,
thus, the psychological
impact.

Avalanche accident
registries should be
used to improve
the management
of victims.

Consensus study Limitations include

the following:

Quality indicators have Panel of 22 experts were o

been gathered by ICAR consulted using a (1)  Lack of reproducibility in

Kottmann A et al. - A tudies:

MedCom for SRME (2021) [90] five-round modified consensus studies,
management of nominal group technique (2)  Bias of selection of experts
avalanche victims. to identify 23 quality (n = 16 ICAR Medcom
indicators in members versus # = 6 non-

avalanche rescue. members).

* value accounts for 107 participants. SRHE—strong recommendation, high-quality evidence; SRME—strong
recommendation, moderate-quality evidence; SRLE—strong recommendation, low-quality evidence; WRHE—weak
recommendation, high-quality evidence; WRLE—weak recommendation, low-quality evidence; WRME—weak
recommendation, moderate-quality evidence; EO—expert opinion.

The WMS has also outlined areas of potential further investigation, which may lay
the grounds for future updated guidelines. For acute altitude illness, as noted in the
guidelines, the need for systematic research on adjunctive therapeutics and further research
on illness management within the pediatric population has been outlined. As for frostbite
injuries, advancement of medical inquiry into frostbite prevention medication, peri-thawing
procedures for injury reduction, and post-thaw therapies for the improvement of long-
term outcomes is encouraged. Similarly, it is difficult, and perhaps unethical, to conduct
randomized trials for furthering research on avalanche injuries; therefore, better simulation
technology would greatly propel the generation of sound evidence for prevention and
treatment strategies regarding avalanche accidents. Further areas of investigation include
assessment of the efficacy of implementing multiple preparedness measures, such as
protective gear and air bag use, in combination as well as advances in search methods and
emergency treatment procedures involved in advanced life support and ECLS.

Aside from the future areas of research outlined by the WMS, the guidelines may
also benefit from further exploring the downstream clinical aspects of environment-related
illness to reflect increasing clinical concerns of medical professionals, such as effects of
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climatologic events on health, extreme water-based devastation and its influence on food-
and vector-borne diseases, as well as the clinical impact of air pollution and humidity on
travelers [91]. Development of ever-more clinically -oriented guidance may require research
efforts into more severe and uncommon cases being presented in medical settings. For
example, in frostbite treatment, a clinical concern would be the phenomenon of afterdrop, or
the decrease in core temperature as a result of rewarming peripheral blood vessels causing
quicker mobilization of cold peripheral blood [81]. It would be worthwhile to explore
whether there have been clinical accounts of this phenomenon that have contributed or
will contribute to clinical guideline development. Bringing awareness to more clinical,
case-based experiences and medical practices can not only provide precedence for treating
rare cases but can also motivate further areas of research.

The limitations of the guidelines in their current form relate to some lack of clarity
around specific questions—in PICO format—being addressed. As such, it is unclear if
pediatric considerations have been fully explored and reviewed during the development
process for both the avalanche and frostbite guidelines. Additionally, inclusion of a compre-
hensive search strategy with a literature cutoff date, even as a Supplementary File, would
be informative and improve the accessibility of the guidelines. Involvement of additional
stakeholders, including patients affected by the spectrum of cold- and altitude-related
illness, the public, pediatric specialists, and allied health practitioners, particularly those
working in the rehabilitation space, would be an asset to the subsequent iterations of
each of the guidelines. A clear process and timeline for updating the guidelines could
be considered, as could greater exposition around barriers and facilitators to uptake and
implementation by stakeholder groups. The strengths of the guidelines include excellent
clarity overall and unambiguous recommendations that are easily identified throughout
each paper. The guidelines were universally developed with a high degree of rigor and
used standardized approaches to evaluate the quality of the literature in order to assign
the strengths of the recommendations accordingly. In each case, the guidelines are free of
competing interests.

3. Conclusions

In 2024, the WMS provided updated guidelines on the prevention, treatment, and
long-term management of acute altitude illness, frostbite injuries, and avalanche- and
snow-burial-related injuries. These guidelines, which have been reviewed and graded
based on the level of evidentiary support as well as their risk-to-benefit ratio, not only
serve as systematically derived medical recommendations but also highlight the need for
expansion of research efforts to fill gaps in the knowledge within the field of environmental
medical science. Such concerted efforts can expand the scope of evidence-based practice in
travel medicine and ideally standardize the implementation of recommendations within
medical practices.
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Author Contributions: A.O., FJ., M.M., D.K,, M.P,, G.D.H., N.P.D. and O.E.—literature review and
synthesis, drafting the manuscript, and critical revision of the manuscript; A.K.B.—conception
of the report, literature review and synthesis, drafting the manuscript, critical revision of the
manuscript, and overall project oversight. All authors have read and agreed to the published
version of the manuscript.


https://www.mdpi.com/article/10.3390/ijerph22020284/s1
https://www.mdpi.com/article/10.3390/ijerph22020284/s1

Int. J. Environ. Res. Public Health 2025, 22, 284 19 of 22

Funding: Andrea K. Boggild is supported as a Clinician Scientist by the Departments of Medicine at
the University of Toronto and the University Health Network.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: All data are presented in the manuscript.

Conflicts of Interest: Andrea K. Boggild oversees the Tropical Disease Fund for Excellence at the
University Health Network Foundation, which has received a generous unrestricted educational
grant from Seegene Canada. The authors declare that they have no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Adventure Travel Trade Association. Adventure Tourism Market Study 2018. 2018. Available online: https://www.
alliedmarketresearch.com/adventure-tourism-market (accessed on 21 September 2019).

Luks, A.M,; Beidleman, B.A.; Freer, L.; Grissom, C.K.; Keyes, L.E.; McIntosh, S.E.; Rodway, G.W.; Schoene, R.B.; Zafren, K,;
Hackett, P.H. Wilderness Medical Society Clinical Practice Guidelines for the Prevention, Diagnosis, and Treatment of Acute
Altitude Illness: 2024 Update. Wilderness Environ. Med. 2024, 35, 25-19S. [CrossRef] [PubMed]

MclIntosh, S.E.; Freer, L.; Grissom, C.K.; Rodway, G.W.; Giesbrecht, G.G.; McDevitt, M.; Imray, C.H.; Johnson, E.L.; Pandey, P,;
Dow, J.; et al. Wilderness Medical Society Clinical Practice Guidelines for the Prevention and Treatment of Frostbite: 2024 Update.
Wilderness Environ. Med. 2024, 35, 183-197. [CrossRef] [PubMed]

Eifling, K.P; Gaudio, EG.; Dumke, C; Lipman, G.S.; Otten, E.M.; Martin, A.D.; Grissom, C.K. Wilderness Medical Society Clinical
Practice Guidelines for the Prevention and Treatment of Heat Illness: 2024 Update. Wilderness Environ. Med. 2024, 35, 1125-127S.
[CrossRef] [PubMed]

Van Tilburg, C.; Paal, P; Strapazzon, G.; Grissom, C.K.; Haegeli, P; Holzl, N.; McIntosh, S.; Radwin, M.; Smith, WW.R; Thomas, S.; et al.
Wilderness Medicine Society Practice Guidelines for the Prevention and Management of Avalanche and Nonavalanche Snow
Burial Accidents. Wilderness Environ. Med. 2017, 28, 23-42. [CrossRef]

Brouwers, M.C.; Kho, M.E.; Browman, G.P; Burgers, ].S.; Cluzeau, F; Feder, G.; Fervers, B.; Graham, 1.D.; Grimshaw, ].; Hanna, S.E.; et al.
AGREE II: Advancing guideline development, reporting and evaluation in healthcare. CMA] 2010, 182, E839-E842. [CrossRef]
AGREE Next Steps Consortium. The AGREE II Instrument; [Electronic Version]. 2017. Available online: http://www.agreetrust.
org (accessed on 1 November 2024).

Roach, R.C.; Hackett, PH.; Oelz, O.; Bartsch, P.; Luks, A.M.; Maclnnis, M.].; Baillie, J.K.; Lake Louise AMS Score Consensus
Committee. The 2018 Lake Louise acute mountain sickness score. High Alt. Med. Biol. 2018, 19, 4-6. [CrossRef]

Jensen, ].D.; Vincent, A.L. High Altitude Pulmonary Edema (HAPE) [Updated 2019 Dec 17]. In StatPearls; StatPearls Publishing:
Treasure Island, FL, USA, 2020.

Zheng, C.R.; Chen, G.Z; Yu, J.; Qin, J.; Song, P; Bian, S.Z.; Xu, B.D.; Tang, X.G.; Huang, Y.T,; Liang, X.; et al. Inhaled budesonide
and oral dexamethasone prevent acute mountain sickness. Am. J. Med. 2014, 127, 1001-1009.e2. [CrossRef]

Chen, G.Z.; Zheng, C.R.; Qin, J.; Yu, J.; Wang, H.; Zhang, ].H.; Hu, M.D.; Dong, ].Q.; Guo, W.Y.; Lu, W,; et al. Inhaled budesonide
prevents acute mountain sickness in young Chinese men. |. Emerg. Med. 2015, 48, 197-206. [CrossRef]

Berger, M.M.; Macholz, E; Sareban, M.; Schmidt, P.; Fried, S.; Dankl, D.; Niebauer, J.; Bértsch, P.; Mairbdurl, H. Inhaled budesonide
does not prevent acute mountain sickness after rapid ascent to 4559 m. Eur Respir J. 2017, 50, 1700982. [CrossRef]

Lipman, G.S.; Pomeranz, D.; Burns, P; Phillips, C.; Cheffers, M.; Evans, K.; Jurkiewicz, C.; Juul, N.; Hackett, P. Budesonide versus
acetazolamide for prevention of acute mountain sickness. Am. J. Med. 2018, 131, €9—e16. [CrossRef]

Kanaan, N.C,; Peterson, A.L.; Pun, M.; Holck, P.S,; Starling, J.; Basyal, B.; Freeman, T.F,; Gehner, J.R.; Keyes, L.; Levin, D.R,; et al.
Prophylactic acetaminophen or ibuprofen results in equivalent acute mountain sickness incidence at high altitude: A prospective
randomized trial. Wilderness Environ. Med. 2017, 28, 72-78. [CrossRef] [PubMed]

Dehnert, C.; Bohm, A.; Grigoriev, I.; Menold, E.; Bartsch, P. Sleeping in moderate hypoxia at home for prevention of acute
mountain sickness (AMS): A placebo-controlled, randomized double-blind study. Wilderness Environ. Med. 2014, 25, 263-271.
[CrossRef] [PubMed]

Harris, N.S.; Wenzel, R.P; Thomas, S.H. High altitude headache: Efficacy of acetaminophen vs. ibuprofen in a randomized,
controlled trial. J. Emerg. Med. 2003, 24, 383-387. [CrossRef] [PubMed]

Johnson, P.L.; Johnson, C.C.; Poudyal, P.; Regmi, N.; Walmsley, M.A.; Basnyat, B. Continuous positive airway pressure treatment
for acute mountain sickness at 4240 m in the Nepal Himalaya. High. Alt. Med. Biol. 2013, 14, 230-233. [CrossRef] [PubMed]
Walmsley, M. Continuous positive airway pressure as adjunct treatment of acute altitude illness. High. Alt. Med. Biol. 2013, 14, 405-407.
[CrossRef]


https://www.alliedmarketresearch.com/adventure-tourism-market
https://www.alliedmarketresearch.com/adventure-tourism-market
https://doi.org/10.1016/j.wem.2023.05.013
https://www.ncbi.nlm.nih.gov/pubmed/37833187
https://doi.org/10.1177/10806032231222359
https://www.ncbi.nlm.nih.gov/pubmed/38577729
https://doi.org/10.1177/10806032241227924
https://www.ncbi.nlm.nih.gov/pubmed/38425235
https://doi.org/10.1016/j.wem.2016.10.004
https://doi.org/10.1503/cmaj.090449
http://www.agreetrust.org
http://www.agreetrust.org
https://doi.org/10.1089/ham.2017.0164
https://doi.org/10.1016/j.amjmed.2014.04.012
https://doi.org/10.1016/j.jemermed.2014.07.047
https://doi.org/10.1183/13993003.00982-2017
https://doi.org/10.1016/j.amjmed.2017.05.034
https://doi.org/10.1016/j.wem.2016.12.011
https://www.ncbi.nlm.nih.gov/pubmed/28479001
https://doi.org/10.1016/j.wem.2014.04.004
https://www.ncbi.nlm.nih.gov/pubmed/24931591
https://doi.org/10.1016/S0736-4679(03)00034-9
https://www.ncbi.nlm.nih.gov/pubmed/12745039
https://doi.org/10.1089/ham.2013.1015
https://www.ncbi.nlm.nih.gov/pubmed/24067184
https://doi.org/10.1089/ham.2013.1059

Int. J. Environ. Res. Public Health 2025, 22, 284 20 of 22

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

44.

45.

46.

Sartori, C.; Allemann, Y.; Duplain, H.; Lepori, M.; Egli, M.; Lipp, E.; Hutter, D.; Turini, P; Hugli, O.; Cook, S.; et al. Salmeterol for
the prevention of high-altitude pulmonary edema. N. Engl. ]. Med. 2002, 346, 1631-1636. [CrossRef]

Maggiorini, M. Prevention and treatment of high-altitude pulmonary edema. Progress. Cardiovasc. Dis. 2010, 52, 500-506.
[CrossRef]

Luks, A.M.; McIntosh, S.E.; Grissom, C.K.; Auerbach, P.S.; Rodway, G.W.; Schoene, R.B.; Rodway, G.W.; Schoene, R.B.; Zafren, K,;
Hackett, P.H. Wilderness Medical Society practice guidelines for the prevention and treatment of acute altitude illness: 2014
update. Wilderness Environ. Med. 2014, 25, 54-S14. [CrossRef]

Deshwal, R.; Igbal, M.; Basnet, S. Nifedipine for the treatment of high altitude pulmonary edema. Wilderness Environ. Med.
2012, 23, 7-10. [CrossRef]

Cauchy, E.; Chetaille, E.; Marchand, V.; Marsigny, B. Retrospective study of 70 cases of severe frostbite lesions: A proposed new
classification scheme. Wilderness Environ. Med. 2001, 12, 248-255. [CrossRef]

Nygaard, R.M.; Whitley, A.B.; Fey, RM.; Wagner, A.L. The Hennepin score: Quantification of frostbite management efficacy. J.
Burn. Care Res. 2016, 37, €317—e322. [CrossRef] [PubMed]

Dobnikar, U.; Kounalakis, S.N.; Mekjavic, I.B. The effect of exercise-induced elevation in core temperature on cold- induced
vasodilation response in toes. Eur. ]. Appl. Physiol. 2009, 106, 457-464. [CrossRef] [PubMed]

Geurts, C.L.; Sleivert, G.G.; Cheung, S.S. Local cold acclimation during exercise and its effect on neuromuscular function of the
hand. Appl. Physiol. Nutr. Metab. 2006, 31, 717-725. [CrossRef] [PubMed]

Mills, W.]., Jr. Frostbite. A discussion of the problem and a review of the Alaskan experience. 1973. Alsk. Med. 1993, 35, 29-40.
Mills, W.]., Jr. Summary of treatment of the cold injured patient: Frostbite. 1983. Alsk. Med. 1993, 35, 61-66.

Mills, W.J., Jr. Summary of treatment of the cold injured patient. 1980. Alsk. Med 1993, 35, 50-53.

Rainsford, K.D. Ibuprofen: Pharmacology, efficacy and safety. Inflammopharmacology 2009, 17, 275-342. [CrossRef]

Heggers, J.P.; Robson, M.C.; Manavalen, K.; Weingarten, M.D.; Carethers, ].M.; Boertman, J.A.; Smith, D.J., Jr.; Sachs, RJ.
Experimental and clinical observations on frostbite. Ann. Emerg. Med. 1987, 16, 1056-1062. [CrossRef]

McCauley, R.L.; Hing, D.N.; Robson, M.C.; Heggers, ].P. Frostbite injuries: A rational approach based on the pathophysiology. J.
Trauma. 1983, 23, 143-147. [CrossRef]

Dole, M.; Endorf, EW.; Gayken, J.; Fey, R.; Nygaard, R.M. Early mobilization in lower extremity frostbite injury: Preliminary
experience at a single burn center. J. Burn. Care Res. 2018, 39, 339-344. [CrossRef]

Martinez Villen, G.; Garcia Bescos, G.; Rodriguez Sosa, V.; Morandeira Garcia, J.R. Effects of haemodilution and rewarming
with regard to digital amputation in frostbite injury: An experimental study in the rabbit. J. Hand Surg. Br. 2002, 27, 224-228.
[CrossRef] [PubMed]

Talwar, J.R.; Gulati, S.M.; Kapur, B.M. Comparative effects of rapid thawing, low molecular dextran and sympathectomy in cold
injury in the monkeys. Indian. J. Med. Res. 1971, 59, 242-250. [PubMed]

Weatherley-White, R.C.; Sjostrom, B.; Paton, B.C. Experimental studies in cold injury. II. the pathogenesis of frostbite. J. Surg. Res.
1964, 4, 17-22. [CrossRef] [PubMed]

Webster, D.R.; Bonn, G. Low-molecular-weight dextran in the treatment of experimental frostbite. Can. J. Surg. 1965, 8, 423-427.
Kapur, B.M.; Gulati, S.M.; Talwar, ].R. Low molecular dextran in the management of frostbite in monkeys. Indian. . Med. Res.
1968, 56, 1675-1681.

Cauchy, E.; Cheguillaume, B.; Chetaille, E. A controlled trial of a prostacyclin and rt-PA in the treatment of severe frostbite. N.
Engl. ]. Med. 2011, 364, 189-190. [CrossRef]

Lacey, A.M.; Rogers, C.; Endorf, EW.; Fey, RM.; Gayken, J.R.; Schmitz, K.R.; Punjabi, G.V.; Whitley, A.B.; Masters, T.C,;
Moore, J.C.; et al. An institutional protocol for the treatment of severe frostbite injury—A 6-year retrospective analysis. J. Burn.
Care Res. 2021, 42, 817-820. [CrossRef]

Bruen, K.J.; Ballard, ].R.; Morris, S.E.; Cochran, A.; Edelman, L.S.; Saffle, ].R. Reduction of the incidence of amputation in frostbite
injury with thrombolytic therapy. Arch. Surg. 2007, 142, 546-551; discussion 552-553. [CrossRef]

Nygaard, R M.; Lacey, A.M.; Lemere, A.; Dole, M.; Gayken, J.R.; Lambert Wagner, A.L.; Fey, R M. Time matters in severe frostbite:
Assessment of limb/digit salvage on the individual patient level. J. Burn. Care Res. 2017, 38, 53-59. [CrossRef]

Patel, N.; Srinivasa, D.R.; Srinivasa, R.N.; Gemmete, ].J.; Krishnamurthy, V.; Dasika, N.; Reddy, S.N.; Osher, M.L.; Sears, E.D.;
Chick, J.E.B. Intra-arterial thrombolysis for extremity frostbite decreases digital amputation rates and hospital length of stay.
Cardiovasc. Interv. Radiol. 2017, 40, 1824-1831. [CrossRef]

Jenabzadeh, K.; Mohr, W.; Ahrenholz, D. Frostbite: A single institution’s twenty year experience with intraarterial thrombolytic
therapy. J. Burn. Care Res. 2006, 30, S103.

Twomey, J.A.; Peltier, G.L.; Zera, R.T. An open-label study to evaluate the safety and efficacy of tissue plasminogen activator in
treatment of severe frostbite. J. Trauma. 2005, 59, 1350-1354; discussion 1354-1355. [CrossRef] [PubMed]

Lindford, A.; Valtonen, J.; Hult, M.; Kavola, H.; Lappalainen, K.; Lassila, R.; Aho, P.; Vuola, ]. The evolution of the Helsinki
frostbite management protocol. Burns 2017, 43, 1455-1463. [CrossRef]


https://doi.org/10.1056/NEJMoa013183
https://doi.org/10.1016/j.pcad.2010.03.001
https://doi.org/10.1016/j.wem.2014.06.017
https://doi.org/10.1016/j.wem.2011.10.003
https://doi.org/10.1580/1080-6032(2001)012[0248:RSOCOS]2.0.CO;2
https://doi.org/10.1097/BCR.0000000000000277
https://www.ncbi.nlm.nih.gov/pubmed/26536540
https://doi.org/10.1007/s00421-009-1035-4
https://www.ncbi.nlm.nih.gov/pubmed/19319561
https://doi.org/10.1139/h06-076
https://www.ncbi.nlm.nih.gov/pubmed/17213886
https://doi.org/10.1007/s10787-009-0016-x
https://doi.org/10.1016/S0196-0644(87)80758-8
https://doi.org/10.1097/00005373-198302000-00013
https://doi.org/10.1097/BCR.0000000000000590
https://doi.org/10.1054/jhsb.2001.0743
https://www.ncbi.nlm.nih.gov/pubmed/12074606
https://www.ncbi.nlm.nih.gov/pubmed/4996192
https://doi.org/10.1016/S0022-4804(64)80004-4
https://www.ncbi.nlm.nih.gov/pubmed/14106388
https://doi.org/10.1056/NEJMc1000538
https://doi.org/10.1093/jbcr/irab008
https://doi.org/10.1001/archsurg.142.6.546
https://doi.org/10.1097/BCR.0000000000000426
https://doi.org/10.1007/s00270-017-1729-7
https://doi.org/10.1097/01.ta.0000195517.50778.2e
https://www.ncbi.nlm.nih.gov/pubmed/16394908
https://doi.org/10.1016/j.burns.2017.04.016

Int. J. Environ. Res. Public Health 2025, 22, 284 21 0f22

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Wexler, A.; Zavala, S. The use of thrombolytic therapy in the treatment of frostbite injury. J. Burn. Care Res. 2017, 38, e877—e88]1.
[CrossRef]

Johnson, A R;; Jensen, H.L.; Peltier, G.; DelaCruz, E. Efficacy of intravenous tissue plasminogen activator in frostbite patients and
presentation of a treatment protocol for frostbite patients. Foot Ankle Spec. 2011, 4, 344-348. [CrossRef]

Jones, L.M.; Coffey, R.A.; Natwa, M.P,; Bailey, ]. K. The use of intravenous tPA for the treatment of severe frostbite. Burns
2017, 43, 1088-1096. [CrossRef]

Ibrahim, A.E.; Goverman, ].; Sarhane, K.A.; Donofrio, ].; Walker, T.G.; Fagan, S.P. The emerging role of tissue plasminogen
activator in the management of severe frostbite. J. Burn. Care Res. 2015, 36, e62—e66. [CrossRef]

Tavri, S.; Ganguli, S.; Bryan RGJr Goverman, J.; Liu, R.; Irani, Z.; Walker, T.G. Catheter-directed intraarterial thrombolysis as part
of a multidisciplinary management protocol of frostbite injury. J. Vasc. Interv. Radiol. 2016, 27, 1228-1235. [CrossRef]

Gonzaga, T.; Jenabzadeh, K.; Anderson, C.P.; Mohr, W].; Endorf, EW.; Ahrenholz, D.H. Use of intra-arterial thrombolytic therapy
for acute treatment of frostbite in 62 patients with review of thrombolytic therapy in frostbite. J. Burn. Care Res. 2016, 37, e323-e334.
[CrossRef]

Heard, J.; Shamrock, A.; Galet, C.; Pape, K.O.; Laroia, S.; Wibbenmeyer, L. Thrombolytic use in management of frostbite injuries:
Eight year retrospective review at a single institution. J. Burn. Care Res. 2020, 41, 722-726. [CrossRef]

Paine, R.E.; Turner, E.N.; Kloda, D.; Falank, C.; Chung, B.; Carter, D.W. Protocoled thrombolytic therapy for frostbite improves
phalangeal salvage rates. Burn. Trauma 2020, 8, tkaa008. [CrossRef] [PubMed]

Murphy, J.V.; Banwell, P.E.; Roberts, A.H.; McGrouther, D.A. Frostbite: Pathogenesis and treatment. J. Trauma. 2000, 48, 171-178.
[CrossRef] [PubMed]

Saemi, A.M.; Johnson, J.M.; Morris, C.S. Treatment of bilateral hand frostbite using transcatheter arterial thrombolysis after
papaverine infusion. Cardiovasc. Interv. Radiol. 2009, 32, 1280-1283. [CrossRef]

Wagner, C.; Pannucci, C.J. Thrombolytic therapy in the acute management of frostbite injuries. Air Med. |. 2011, 30, 39-44.
[CrossRef]

Carmichael, H.; Michel, S.; Smith, T.M.; Duffy, P.S.; Wiktor, A.].; Lambert Wagner, A. Remote delivery of thrombolytics prior
to transfer to a regional burn center for tissue salvage in frostbite: A single-center experience of 199 patients. J. Burn. Care Res.
2022, 43, 54-60. [CrossRef] [PubMed]

Millet, ].D.; Brown, R.K.; Levi, B.; Kraft, C.T.; Jacobson, J.A.; Gross, M.D.; Wong, K.K. Frostbite: Spectrum of imaging findings and
guidelines for management. Radiographics 2016, 36, 2154-2169. [CrossRef]

Kraft, C.; Millet, ].D.; Agarwal, S.; Wang, S.C.; Chung, K.C.; Brown, RK.; Levi, B. SPECT/CT in the evaluation of frostbite. J. Burn.
Care Res. 2017, 38, e227-e234. [CrossRef]

Manganaro, M.S.; Millet, ].D.; Brown, R.K,; Viglianti, B.L.; Wale, D.].; Wong, K.K. The utility of bone scintigraphy with spect/ct in
the evaluation and management of frostbite injuries. Br. |. Radiol. 2019, 92, 20180545. [CrossRef]

Groechenig, E. Treatment of frostbite with iloprost. Lancet 1994, 344, 1152-1153. [CrossRef]

Poole, A.; Gauthier, J. Treatment of severe frostbite with iloprost in northern Canada. CMA]J 2016, 188, 1255-1258. [CrossRef]
Pandey, P; Vadlamudi, R.; Pradhan, R.; Pandey, K.R.; Kumar, A.; Hackett, P. Case report: Severe frostbite in extreme altitude
climbers—The Kathmandu iloprost experience. Wilderness Environ. Med. 2018, 29, 366-374. [CrossRef] [PubMed]

Lorentzen, A.K.; Davis, C.; Penninga, L. Interventions for frostbite injuries. Cochrane Database Syst. Rev. 2020, 12, CD012980.
[CrossRef] [PubMed]

Crooks, S.; Shaw, B.H.; Andruchow, J.E.; Lee, C.H.; Walker, 1. Effectiveness of intravenous prostaglandin to reduce digital
amputations from frostbite: An observational study. CJEM 2022, 24, 622-629. [CrossRef]

Magnan, M.A.; Gayet-Ageron, A.; Louge, P.; Champly, E; Joffre, T.; Lovis, C.; Pignel, R. Hyperbaric oxygen therapy with iloprost
improves digit salvage in severe frostbite compared to iloprost alone. Medicina 2021, 57, 1284. [CrossRef]

Birkeland, K. W.M.; Meiners, T.; Bartelt, P. Avalanche survival strategies for different parts of a flowing avalanche. In Proceedings
of the 2008 International Snow Science Workshop, Whister, BC, Canada, 21-27 September 2008; Available online: https://
avalanche.org/wp-content/uploads/2018/08/08_ISSW_AvSurvivalStrat.pdf (accessed on 24 January 2025).

Haegeli, P; Falk, M.; Procter, E.; Zweifel, B.; Jarry, E; Logan, S.; Kronholm, K.; Biskupi¢, M.; Brugger, H. The effectiveness of
avalanche airbags. Resuscitation 2014, 85, 1197-1203. [CrossRef]

Grissom, C.K.; Radwin, M.I; Harmston, C.H.; Hirshberg, E.L.; Crowley, T.J. Respiration during snow burial using an artificial air
pocket. JAMA 2000, 283, 2266-2271. [CrossRef]

Hohlrieder, M.; Mair, P.; Wuertl, W.; Brugger, H. The impact of avalanche transceivers on mortality from avalanche accidents.
High. Alt. Med. Biol. 2005, 6, 72-77. [CrossRef]

Mair, P.; Brugger, H.; Mair, B.; Moroder, L.; Ruttmann, E. Is extracorporeal rewarming indicated in avalanche victims with
unwitnessed hypothermic cardiorespiratory arrest? High. Alt. Med. Biol. 2014, 15, 500-503. [CrossRef]

Boue, Y,; Payen, ].F,; Brun, J.; Thomas, S.; Levrat, A.; Blancher, M.; Debaty, G.; Bouzat, P. Survival after avalanche-induced cardiac
arrest. Resuscitation 2014, 85, 1192-1196. [CrossRef]


https://doi.org/10.1097/BCR.0000000000000512
https://doi.org/10.1177/1938640011422596
https://doi.org/10.1016/j.burns.2017.01.013
https://doi.org/10.1097/BCR.0000000000000135
https://doi.org/10.1016/j.jvir.2016.04.027
https://doi.org/10.1097/BCR.0000000000000245
https://doi.org/10.1093/jbcr/iraa028
https://doi.org/10.1093/burnst/tkaa008
https://www.ncbi.nlm.nih.gov/pubmed/32341921
https://doi.org/10.1097/00005373-200001000-00036
https://www.ncbi.nlm.nih.gov/pubmed/10647591
https://doi.org/10.1007/s00270-009-9584-9
https://doi.org/10.1016/j.amj.2010.08.006
https://doi.org/10.1093/jbcr/irab041
https://www.ncbi.nlm.nih.gov/pubmed/33657205
https://doi.org/10.1148/rg.2016160045
https://doi.org/10.1097/BCR.0000000000000359
https://doi.org/10.1259/bjr.20180545
https://doi.org/10.1016/S0140-6736(94)90657-2
https://doi.org/10.1503/cmaj.151252
https://doi.org/10.1016/j.wem.2018.03.003
https://www.ncbi.nlm.nih.gov/pubmed/29887348
https://doi.org/10.1002/14651858.CD012980
https://www.ncbi.nlm.nih.gov/pubmed/33341943
https://doi.org/10.1007/s43678-022-00342-9
https://doi.org/10.3390/medicina57111284
https://avalanche.org/wp-content/uploads/2018/08/08_ISSW_AvSurvivalStrat.pdf
https://avalanche.org/wp-content/uploads/2018/08/08_ISSW_AvSurvivalStrat.pdf
https://doi.org/10.1016/j.resuscitation.2014.05.025
https://doi.org/10.1001/jama.283.17.2266
https://doi.org/10.1089/ham.2005.6.72
https://doi.org/10.1089/ham.2014.1066
https://doi.org/10.1016/j.resuscitation.2014.06.015

Int. J. Environ. Res. Public Health 2025, 22, 284 22 0f 22

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Hilmo, J.; Naesheim, T.; Gilbert, M. “Nobody is dead until warm and dead”: Prolonged resuscitation is warranted in arrested
hypothermic victims also in remote areas—a retrospective study from northern Norway. Resuscitation 2014, 85, 1204-1211.
[CrossRef]

Oberhammer, R.; Beikircher, W.; Hormann, C.; Lorenz, L; Pycha, R.; Adler-Kastner, L.; Brugger, H. Full recovery of an avalanche
victim with profound hypothermia and prolonged cardiac arrest treated by extracorporeal rewarming. Resuscitation 2008, 76, 474—-480.
[CrossRef] [PubMed]

Boue, Y.; Lavolaine, J.; Bouzat, P.; Matraxia, S.; Chavanon, O.; Payen, J.F. Neurologic recovery from profound accidental
hypothermia after 5 hours of cardiopulmonary resuscitation. Crit. Care Med. 2014, 42, e167-e170. [CrossRef] [PubMed]

Althaus, U.; Aeberhard, P.; Schupbach, P.; Nachbur, B.H.; Muhlemann, W. Management of profound accidental hypothermia with
cardiorespiratory arrest. Ann. Surg. 1982, 195, 492-495. [CrossRef]

Locher, T.; Walpoth, B.H. Differential diagnosis of circulatory failure in hypothermic avalanche victims: Retrospective analysis of
32 avalanche accidents [in German]. Praxis 1996, 85, 1275-1282.

Cadman, R. Eight nonavalanche snow-immersion deaths: A 6-year series from british columbia ski areas. Phys. Sportsmed.
1999, 27, 31-43. [CrossRef]

Van Tilburg, C.S. Non-avalanche related snow immersion deaths: Tree well and deep snow immersion asphyxiation. Wilderness
Environ. Med. 2010, 21, 257-261. [CrossRef]

Oelz, O.; Maggiorini, M.; Ritter, M.; Waber, U.; Jenni, R.; Vock, P. Nifedipine for high altitude pulmonary oedema. Lancet
1989, 2, 1241-1244. [CrossRef]

Schoene, R.B.; Roach, R.C.; Hackett, PH.; Harrison, G.; Mills, W.J., Jr. High altitude pulmonary edema and exercise at 4,400 meters
on Mount McKinley. Effect of expiratory positive airway pressure. Chest 1985, 87, 330-333. [CrossRef]

Fagenholz, PJ.; Gutman, J.A.; Murray, A.F,; Harris, N.S. Treatment of high altitude pulmonary edema at 4240 m in Nepal. High
Alt. Med. Biol. 2007, 8, 139-146. [CrossRef]

Jones, B.E.; Stokes, S.; McKenzie, S.; Nilles, E.; Stoddard, G.]. Management of high altitude pulmonary edema in the Himalaya: A
review of 56 cases presenting at Pheriche medical aid post (4240 m). Wilderness Environ. Med. 2013, 24, 32-36. [CrossRef]
McIntosh, S.E.; Little, C.E.; Seibert, T.D.; Polukoff, N.E.; Grissom, C.K. Avalanche airbag post-burial active deflation—The ability
to create an air pocket to delay asphyxiation and prolong survival. Resuscitation 2020, 146, 155-160. [CrossRef] [PubMed]
Genswein, M.; Macias, D.; McIntosh, S.; Reiweger, I.; Hetland, A.; Paal, P. AvaLife-a new multi-disciplinary approach supported
by accident and field test data to optimize survival chances in rescue and first aid of avalanche patients. Int. |. Environ. Res. Public
Health 2022, 19, 5257. [CrossRef] [PubMed]

Musi, M.E.; Sheets, A.; Zafren, K.; Brugger, H.; Paal, P.; Holzl, N.; Pasquier, M. Clinical staging of accidental hypothermia: The
Revised Swiss System: Recommendation of the International Commission for Mountain Emergency Medicine (ICAR MedCom).
Resuscitation 2021, 162, 182-187. [CrossRef] [PubMed]

Darocha, T.; Debaty, G.; Ageron, FX.; Podsiadlo, P; Hutin, A.; Hymczak, H.; Blancher, M.; Kosiniski, S.; Mendrala, K,;
Carron, PN.; et al. Hypothermia is associated with a low ETCO2 and low pH-stat PaCO2 in refractory cardiac arrest. Re-
suscitation 2022, 174, 83-90. [CrossRef]

Dolan, N.; Tedeschi, C. A qualitative study of psychological outcomes in avalanche first responders. High Alt. Med. Biol.
2018, 19, 344-355. [CrossRef]

Kottmann, A.; Pasquier, M.; Strapazzon, G.; Zafren, K.; Ellerton, ].; Paal, P. Quality indicators for avalanche victim management
and rescue. Int. |. Environ. Res. Public Health 2021, 18, 9570. [CrossRef]

World Health Organization. International Travel and Health. Module 2. Environmental Health Risks; World Health Organization:
Geneva, Switzerland, 2024; Available online: https://iris.who.int/handle/10665/378100 (accessed on 24 January 2025).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.resuscitation.2014.04.029
https://doi.org/10.1016/j.resuscitation.2007.09.004
https://www.ncbi.nlm.nih.gov/pubmed/17988783
https://doi.org/10.1097/CCM.0b013e3182a643bc
https://www.ncbi.nlm.nih.gov/pubmed/24158171
https://doi.org/10.1097/00000658-198204000-00018
https://doi.org/10.3810/psm.1999.12.1134
https://doi.org/10.1016/j.wem.2010.04.004
https://doi.org/10.1016/S0140-6736(89)91851-5
https://doi.org/10.1378/chest.87.3.330
https://doi.org/10.1089/ham.2007.3055
https://doi.org/10.1016/j.wem.2012.07.004
https://doi.org/10.1016/j.resuscitation.2019.11.023
https://www.ncbi.nlm.nih.gov/pubmed/31812665
https://doi.org/10.3390/ijerph19095257
https://www.ncbi.nlm.nih.gov/pubmed/35564653
https://doi.org/10.1016/j.resuscitation.2021.02.038
https://www.ncbi.nlm.nih.gov/pubmed/33675869
https://doi.org/10.1016/j.resuscitation.2022.01.022
https://doi.org/10.1089/ham.2018.0038
https://doi.org/10.3390/ijerph18189570
https://iris.who.int/handle/10665/378100

	Introduction 
	Summary and Critical Appraisal 
	Assessment of Methodological Rigor and Transparency According to AGREE II B6-ijerph-3164983,B7-ijerph-3164983 Criteria 
	Definitions and Epidemiology of Acute Altitude Illness Highlighted in the Guidelines 
	Strategies for Prevention of Altitude Illness Outlined in the Guidelines 
	Interventions for Treatment of Altitude Illness Evaluated in the Guidelines 
	Definitions and Epidemiology of Frostbite Highlighted in the Guidelines 
	Strategies for the Prevention of Frostbite Outlined in the Guidelines 
	Interventions for Treatment of Frostbite Evaluated in the Guidelines 
	Definitions and Epidemiology of Avalanche and Non-Avalanche Snow Burial Highlighted in the Guidelines 
	Strategies for Prevention of Avalanche and Snow Burial Outlined in the Guidelines 
	Interventions for Treatment of Avalanche and Snow Burial Evaluated in the Guidelines 

	Discussion 
	Conclusions 
	References

