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ABSTRACT
Avalanche accidents are frequently lethal events with an
overall mortality of 23%. Mortality increases dramatically
to 50% in instances of complete burial. With modern
day dense networks of ambulance services and rescue
helicopters, health workers often become involved during
the early stages of avalanche rescue. Historically, some
of the most devastating avalanche accidents have
involved military personnel. Armed forces are frequently
deployed to mountain regions in order to train for mountain warfare or as part of ongoing conﬂicts. Furthermore,
military units are frequently called to assist civilian organised rescue in avalanche rescue operations. It is therefore important that clinicians associated with units
operating in mountain regions have an understanding of,
the medical management of avalanche victims, and of
the preceding rescue phase. The ensuing review of the
available literature aims to describe the pathophysiology
particular to avalanche victims and to outline a structured approach to the search, rescue and prehospital
medical management.

The most frightening enemy was nature itself….
entire platoons were hit, smothered, buried without
a trace, without a cry, with no other sound than the
one made by the gigantic white mass itself.1
-Paolo Monelli, Italian author and journalist who
during World War I saw service on the
Austro-Italian front with the Alpini, the elite
mountain corps of the Italian army.

Key messages
▸ Some of the most devastating avalanche
accidents have involved military personnel.
▸ Military clinicians operating in mountain
regions must have an understanding of the
rescue phase as well as of the medical
management of avalanche victims.
▸ Mortality in non-buried victims is very low.
Mortality increases dramatically in victims who
suffer complete burial.
▸ The majority of buried avalanche victims die of
asphyxia, traumatic injury and hypothermia.
▸ Survival is inversely related to duration of
burial. The majority of victims die within the
ﬁrst 30 min.
▸ Avalanche rescue is a desperate race to
extricate the victim in order to re-establish
oxygenation and initiate medical management.
deaths of 16 conscripts and ofﬁcers.5 During World
War I, at least 60 000 soldiers died in avalanches in
the Austro-Italian Alps. Avalanche conditions were
particularly critical during 17–19 December 1916,
causing 9–10 000 lives to be lost.6 It follows that
clinicians working in mountain regions must have
an understanding of the medical management and
the rescue components of avalanche accidents.

METHOD
INTRODUCTION
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In Europe and North America avalanches kill
approximately 150 persons annually, of which the
majority are skiers, snowboarders and snowmobilers.2 3 Although a rare cause of death, avalanche
deaths are particularly devastating as victims tend
to be healthy individuals with a median age of
33 years.4 With modern-day dense networks of
emergency helicopters and rescue services, health
workers often become involved during the early
stages of avalanche incidents. Avalanche medicine is
highly relevant from a military clinician’s perspective. Military units frequently practice mountain
warfare and are often mobilised to assist civilian
rescue operations. With the numerous ongoing
global conﬂicts, armed forces are currently tasked
to operate in mountain regions. Importantly, some
of the most devastating avalanche accidents have
involved military personnel. In 2012, a massive
avalanche obliterated a Pakistani military camp on
the Siachen glacier in northern Kashmir, killing
140 Pakistani soldiers and civilians. In 1986, an
avalanche buried an entire platoon of Norwegian
combat engineers participating in a winter warfare
exercise in Vassdalen, Norway resulting in the

A Pubmed search was performed using the
MESH-term
(“Avalanches”(Mesh))
OR
“Snow”(Mesh)). This resulted in the initial identiﬁcation of 1191 citations whose titles and abstracts
were screened for eligibility. Articles were considered relevant if they described or commented on the
pathophysiology and/or management of avalanche
victims and were published in the English language.
Fifty-nine articles were selected and subsequently
subjected to full-text assessment. The reference lists
of these articles yielded another 19 articles for
in-depth assessment. Overall, 48/78 articles subject
to full-text assessment were deemed relevant. As the
ensuing work required discussing trauma and hypothermia management, speciﬁc high-quality references targeting these subjects were also enclosed.

RESULTS
Avalanche mechanisms of injury and outcomes
Avalanche accidents are frequently lethal with an
overall mortality of 23%.2 Survival is primarily
dependent on depth of burial, duration of burial,
the severity of trauma and the presence of an air
pocket and a patent airway.7 Of these, the depth of
burial is the strongest determinant of survival.
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Completely buried victims suffer a mortality rate of roughly
50%, while the mortality rate of non-buried victims drops to 3–
4%.8 9 The vast majority of deaths in completely buried victims
are caused by asphyxiation, trauma and hypothermia (Table 1).
Of these, asphyxia is the predominant mechanism, causing 80%
of avalanche related deaths.4 10 11 Obviously, these mechanisms
frequently coexist, further augmenting lethality.4

Avalanche survival
Survival is inversely related to duration of burial. This was
demonstrated in 1994 by Falk et al, and in 2001 by Brugger et al,
as they produced the now classic time-survival curve, describing
survival probability in relation to duration of burial of a cohort
of Swiss avalanche victims. The curve displays a characteristic
phasic pattern where two initial steep drops in survival are followed by a more gradual decline.2 12 Similar curves were produced in 2011 when Haegeli et al9 published survival curves
comparing Swiss and Canadian data (Figure 1). The initial steep
drop is attributed to immediate trauma-related injury. Between
10 min and 20 min, there is a plateau where roughly 80% of
individuals remain alive followed by a second steep drop caused
by deaths from asphyxiation leaving, in the Swiss sample,
roughly 35% alive at 35 min. After this, deaths occur at a slower
rate as victims succumb to hypoxia, hypercapnia and hypothermia.9 Importantly, while the survival curves are similar, the
Canadian sample documented lower survival rates at all durations of burial. This was attributed to greater trauma mortality
and to the theory that the heavier and wetter Canadian snow promoted asphyxiation.9 13 The avalanche survival curve is a powerful representation of the grim challenge facing rescue services. To
achieve acceptable outcomes, dispatch, location, extrication and
commencement of treatment must occur promptly. On-scene
cardiac arrest in buried avalanche victims has poor prognosis and
survival is rarely associated with a favourable neurological
outcome.14 In a recent review of 55 buried avalanche victims in
cardiac arrest upon extrication, Moroder et al reported an overall
mortality rate of 91% with only ﬁve survivors to hospital discharge. Of these, only two were discharged with a favourable
neurological outcome. All ﬁve survivors had burial times
<20 min.15 In 2014, Boue et al16 reviewed 48 avalanche victims
who were admitted to intensive care after suffering on-scene
cardiac arrest, documenting a mortality rate of 83.3% with eight
survivors of which only three were discharged from hospital with
a favourable neurological outcome.

from avalanche debris obstructing the airway.7 9 Cessation of
respiration will result in cardiac arrest within approximately
10 min.15 In a systematic review of avalanche case-control
studies and case series, there were no reported survivors among
those buried with an obstructed airway for longer than
35 min.17 Survival of buried victims beyond this ‘asphyxiation
phase’ requires the presence of a patent airway and of an air
pocket surrounding the victim’s upper airway as this will allow
for some degree of oxygenation.17 While evading immediate
asphyxia, buried victims with a patent airway will instead face
gradually developing hypoxia, hypercapnia and hypothermia;
termed the ‘triple H syndrome’.18 The rate at which these
changes occur depends on the volume of the air pocket and on
snow density, but may start occurring within minutes.19 Larger
air pockets, such as can be formed by large blocks of snow in
avalanche debris, will delay hypoxia and hypercapnia by containing more oxygen and by reducing CO2 rebreathing.19–21
Case reports document protracted survival of up to 2 days in
victims with patent airways and access to large air pockets.22
The rate at which hypoxia develops has been shown to correlate
to the air content of the surrounding snow, which in turn is a
function of snow density.19 Snow density is deﬁned as the
overall mass of snow per unit volume. Dry, freshly fallen snow
typically has a density of 30 kg/m3 whereas density in wet
spring snow is typically 600 kg/m3, with a corresponding
decrease in air content. The density of avalanche debris is commonly reported in the range of 200–600 kg/m3.23 Oxygen availability is further impaired by exhaled air condensing and
freezing onto the surrounding snow, creating a layer of ice preventing diffusion of oxygen from the surrounding snow. Several
case reports document pulmonary oedema in extricated avalanche victims, with literature suggesting that the incidence is
under-reported. Negative pressure pulmonary oedema, hypoxic
pulmonary artery vasoconstriction and hypoxic heart failure
have been postulated as plausible underlying mechanisms.24–26
Finally, the weight of the covering snow may cause chest restriction and impaired breathing.27

Asphyxia and hypoxia
Airway occlusion is the leading cause of asphyxia and death in
avalanche accidents. As depicted by the avalanche survival
curve, the majority of deaths occur within the ﬁrst half hour of
burial and are thought to represent complete airway occlusion

Table 1 Reviews detailing causes of death from avalanches based
on postmortem autopsy or full external examination4 10 11
Authors

Region

Victims
included

Boyd et al4
Hohlrieder
et al10
McIntosh
et al11
Total

Canada
Austria

204
36

154 (75%)
33 (91.7%)

48 (24%)
2 (5.5%)

56

53 (94.6%)

3 (5.4%)

0 (0%)

296

240 (81.1%)

53 (17.9%)

3 (1%)

Utah,
USA

Asphyxia

Trauma

Hypothermia
2 (1%)
1 (2.8%)

Figure 1 The avalanche survival curve plots survival of buried
avalanche victims against duration of burial. It displays a characteristic
phasic pattern where two steep drops in survival is seen during the
ﬁrst half hour after which death occurs much more slowly. The steep
drops are explained by immediate trauma deaths and asphyxiation.
This version of the avalanche survival curve, by Haegeli et al in 2011,9
compares Canadian and Swiss survival. Mortality in the Canadian
sample is greater at all burial durations. This has been attributed to
greater trauma mortality in Canada and to how heavier and wetter
snow in the Canadian sample could promote asphyxiation. Reprinted
with permission.
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Trauma
The severity and mortality of traumatic avalanche injuries
display considerable regional variation (Table 1). Few studies
report reliable causes of death based on thorough clinical examination and autopsy ﬁndings. In an Austrian study of hospitalised avalanche victims, 27/105 (25.7%) had moderate to
critical injury corresponding to an injury severity score of 8 or
higher; the authors attributed 2 of the 36 (5.4%)
avalanche-related deaths to trauma.10 Identical trauma mortality
was reported from Utah by McIntosh et al,11 but these data
should be contrasted to Canadian data from coroners’ reports of
204 avalanche deaths where a third of all non-survivors had suffered major trauma and 24% of deaths were primarily attributed
to trauma.4 These differences in trauma morbidity and mortality
are likely explained by regional variations in topography and
snow composition.9 28 Avalanches consisting of wet and heavy
snow, tracking over forested or rocky terrain generally cause
more traumatic injury than dry powder avalanches tracking over
open snowﬁelds above the tree line.2 Based on clinical examination and autopsy studies, avalanche victims frequently display
head, spine, chest and limb injuries.10 11 In the Canadian data,
chest and head trauma represented 46% and 42%, respectively,
of single-system injury.4

Hypothermia
Hypothermia can be deﬁned as a core body temperature below
35°C and is considered a rare cause of death in avalanche
victims.29 Nevertheless, it is a common complication and a
medical emergency that must be anticipated and treated aggressively.30 Avalanche victims may develop hypothermia rapidly,
with documented mean cooling rates ranging from 0.8°C/h to
3°C/h,18 31 although individual case studies report extreme
cooling rates of up to 9°C/h.24 32 33 The presence of hypercapnia will increase the rate of cooling, primarily by inducing
hyperventilation and respiratory heat loss.18 34 As endogenous
production of heat through metabolism and shivering requires
oxygen, hypoxia will also accelerate cooling.35 Importantly,
extrication and evacuation contributes to additional heat loss.
Snow has insulating properties and upon extrication, victims are
exposed to further heat loss, unless immediately insulated and
rewarmed.36 Unfortunately, postextrication cooling frequently
occurs despite countermeasures. This paradoxical worsening of
hypothermia during attempts at rewarming is termed ‘afterdrop’. After-drop is a manifestation of rewarming causing
reduced peripheral vasoconstriction followed by cold peripheral
blood mixing with the warmer central circulation. The net
effect is increased peripheral heat loss and core cooling. The
rate of cooling may transiently increase by up to four times.37
Additionally, accidental hypothermia may result in circumrescue
collapse, deﬁned as sudden death or circulatory collapse during
or after rescue, caused by the sudden onset of ventricular ﬁbrillation or worsening cardiac failure.38

Avalanche search and rescue
As the majority of victims die of asphyxia, the overarching priority is to quickly locate and extricate the victim, followed by
the immediate re-establishment of airway patency and oxygenation. Avalanche rescue can be said to consist of two phases; the
rescue of the victim followed by the medical management.39
The rescue phase includes the notiﬁcation and dispatch of
rescue services, location of the victim and, ﬁnally, extrication.
The medical phase consists of medical management and transfer
to deﬁnite care. As is evident from the avalanche time-survival
408

curve, prolonged rescue is associated with poor outcomes.
Ideally, bystanders should promptly initiate search and extrication. Even with immediate dispatch, the deployment of organised rescue is time-consuming and the initial window of
survivability is often lost.15 The majority of survivors are
located by companions relying on visual cues and avalanche
transceivers.40 From the European Alps and Canada, mean
extrication times of 18–35 min have been reported.8 9 In 2005
Slotta-Bachmayr et al reported signiﬁcantly shorter extrication
times for rescue instigated and completed by companions as
opposed to when completed by organised rescue teams, at 16
min vs 150 min.41 Consequently, companion rescue dramatically
improves survival, with reported survival rates of 74–78% compared with 18–19%.40 42 Delayed extrication is commonly
caused by the avalanche being unwitnessed or by whole groups
being caught. Poor weather conditions, restricted helicopter
access, extreme depths of burial and unacceptable avalanche
conditions may also preclude or delay rescue.43

Locating the buried avalanche victim
Several devices have been developed to increase avalanche survival, by reducing asphyxiation through minimising depth and
duration of burial or by preventing asphyxiation after burial.8
Appropriate clothing, snow shovels, avalanche transceivers and
avalanche probes is essential equipment for skiers and rescuers
active outside prepared ski areas.7 The avalanche airbag is
designed to prevent or reduce depth of burial. It consists of a
backpack integrating a gas cartridge connected to one or two
120–150 L balloons. As the skier activates the cartridge, the balloons inﬂate. The device relies on the theory of ‘granular convection’, which dictates that larger particles will deposit in the
upper layers of a granular material in motion. As the skier
inﬂates the balloons he or she will become a larger ‘particle’,
thus reducing the depth of burial. In a Swiss study from 2007,
Brugger et al reviewed 1504 avalanche victims wearing avalanche airbag systems. The mortality rate in the subgroup that
was wearing airbags was 3% compared with 19% for the
victims not using an airbag system. In 20% of cases the airbag
system never deployed due to technical error or the victim
being unable to activate the device.8 In a 2014 review of international avalanche victim data, Haegeli et al44 reported an absolute mortality reduction from 22% to 11%; again, failure rates
of 20% were documented. The artiﬁcial air pocket (AvaLung;
Black Diamond Equipment, Salt Lake City, Utah, USA) is
designed to prolong survival during snow burial. It consists of a
mouthpiece and respiratory tubing connected to a mesh air
pocket worn in a vest. Air is extracted from the snow via the
artiﬁcial air pocket and is inhaled through the tubing. The
respiratory tubing then separates inhaled and exhaled gases,
with expired gas being conveyed towards the back of the victim,
thereby limiting carbon dioxide rebreathing. While there is no
clinical outcome data in support of this system, the system reliably attenuates hypoxia and hypercapnia in ﬁeld tests.20 The
avalanche transceiver is a radio beacon capable of transmitting
and receiving radio waves at 457 kHz. It allows rescuers
equipped with transceivers to locate buried victims equipped
with transmitting transceivers. In 2005, Hohlrieder et al45
reported a decrease in mean duration of burial from 102 min to
20 min for victims using transceivers, associated with a mortality reduction of 14.2%. In a similar retrospective study from
2007, a decrease in duration of burial from 125 min to 25 min
was documented with an associated mortality reduction of
15.2%.8 The avalanche probe is a collapsible 2–3 m long multisectioned aluminium rod designed to penetrate compacted snow
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in order to locate buried victims. Often, the victim is roughly
located using an avalanche transceiver followed by pinpointing
the victim’s exact location and depth of burial using a probe.
However, some victims may not have transceivers or carry
non-functioning transceivers. These victims may be found by
probe-lines where rescuers form a line to systematically probe
the area ahead. This method is time-consuming and requires
considerable manpower. Teams of avalanche dogs and handlers
form an integral part of avalanche rescue in many areas as they
can cover larger areas in shorter time and are quicker to deploy
than probe-lines. A review of organised rescue in 217 avalanche
incidents demonstrated avalanche dogs to be superior to transceivers and probe-lines in locating buried avalanche victims
alive.41

Extrication
Survival and time to extrication correlates with depth of
burial43 which can vary considerably with mean depths of
burial of 80–150 cm reported.2 9 12 Extreme burial depths
below 200 cm are generally associated with terrain traps where
masses of snow tend to deposit.46 Poor shovel quality and suboptimal digging strategies prolong extrication.47 Upon locating
the victim with an avalanche probe, untrained rescuers tend to
dig straight down along the probe-line. This is inexpedient as it
creates a cone-shaped vertical hole where the clearing of snow is
difﬁcult and inefﬁcient, as snow tends to fall back over the
victim. Additionally, this strategy may result in rescuers stepping
on the victim, which may compromise the victim’s air pocket,
airway or chest; it may also worsen or cause traumatic injury.36
When access is ﬁnally achieved, a small diameter access hole
makes it difﬁcult or impossible to treat, roll and/or extricate the
victim. With novel extrication techniques, digging commences
downhill of the probe with the rescuers digging at an angle
towards the victim. Snow is more efﬁciently removed downhill,
the rescuers avoid stepping on the victim and the air pocket is
more likely to remain preserved. Manuel Genswein’s ‘V-shaped
conveyor belt’ method exempliﬁes a modern digging technique.
The rescuers form a V with one rescuer digging towards the
victim at the apex while the remaining rescuers remove snow
down the downhill conveyor belt legs. Positions are rotated as
the front digger becomes fatigued. In ﬁeld tests, this method
achieved extrication at roughly half the time of that required by
means of unstructured digging, with efﬁciency increasing with
increasing burial depths.48 The victim’s body position determines access to the airway and chest. Importantly, when exposing the victim’s face the presence of an air pocket and the
patency of the airway must be determined as this will guide
immediate medical management.36

Prehospital medical management
The medical management of avalanche victims may include
airway support, resuscitation and management of a wide range
of traumatic injuries as well as hypothermia. The median
number of victims in avalanche incidents, buried or non-buried,
is four.22 Prehospital and mountain rescue assets are limited and
must not be spent on futile interventions. Medical management
is dictated by team safety. Avalanche rescue operations are frequently conducted under conditions with considerable avalanche danger.40 42 The potential for new avalanches, dangerous
terrain, exposure to poor weather and low temperatures may
pose unacceptable hazards to rescuers and bystanders. Medical
management should, like rescue operations, be scaled accordingly. In some instances medical intervention must be modiﬁed
or delayed until after complete evacuation, or even withheld.49

Immediate actions
A basic assessment of the victim should be performed as soon as
access is gained. Detecting signs of life in patients with severe
hypothermia may be difﬁcult as ventilatory effort and cardiac
pulsations may be weak, slow and irregular. Airway management, ventilatory support or cardiac compressions may have to
be initiated before extrication is complete.7 Supplemental
oxygen should be provided.36 Spinal precautions should be
taken as spinal injuries are a common cause of morbidity and
death.10 36 The victim should be handled gently and kept in a
horizontal position throughout the extrication and rescue as
patients with hypothermia may develop circulatory collapse
upon mechanical stimuli.50 Ideally, the victim is extricated directly onto an insulated stretcher for immediate protection from
wind, cold and precipitation. The victim should be covered in
insulating materials, such as sleeping bags, blankets or bubble
wrap.2 Signiﬁcant heat can be lost from the head and neck,
hence particular care must be taken to protect these parts.51
While wet clothes cause evaporative heat loss, their removal
may worsen hypothermia by increasing elemental exposure.
Instead, evaporative heat loss may be minimised by adding an
airtight vapour barrier immediately outside the wet clothing.52
Recent studies have suggested that the optimal packaging
method for wet conditions is a combination of a vapour-tight
inner layer followed by a dry insulating middle layer covered in
a wind-resistant and water-resistant outer wrapping.53 54
Obtaining vascular access may be difﬁcult due to hypothermic
and/or hypovolaemic vasoconstriction. Intraosseous access is a
fast and reliable alternative to intravenous cannulae.55 Basic
monitoring includes ECG monitoring and core body temperature measurement. Pulse oximetry may be inaccurate because of
peripheral vasoconstriction or malfunction due to high altitude,
cold and ambient light.56 Core body temperature measurements
should be obtained unless it is unlikely to impact on management.36 Core body temperature is most reliably obtained by
oesophageal probe measurement in the lower third of the
oesophagus and should be used in intubated patients.57 In nonintubated patients, thermistor-based tympanic thermometers are
recommended.58 59 If temperature measurements cannot reliably be obtained, one should assume a worst-case cooling rate
and accept the potential for severe hypothermia despite short
duration of burial.7

Initial triage of avalanche victims in cardiac arrest
Evidence-based guidelines for the triage and resuscitation of
avalanche victims have been issued.36 Resuscitation may be
withheld when victims in cardiac arrest display irreversible
lethal injuries or where the body is frozen to the degree that it
precludes effective chest compressions.49 Current guidelines
also acknowledge that survival of avalanche victims with burial
duration beyond 35 min requires the presence of a patent
airway.17 Consequently, life may be pronounced extinct in
victims buried for longer than 35 min who are found with an
airway that is obstructed by snow or other debris (Figure 2).36
In these victims, asphyxiation should be assumed to have
ensued upon burial, followed by cardiac arrest shortly thereafter. On the other hand, cardiopulmonary resuscitation (CPR)
should be initiated in all other victims where the duration of
burial is less than 35 min as resuscitation may be successful,
with or without the presence of a patent airway. Resuscitation
should also commence in victims found with a patent airway,
irrespective of duration of burial.36 A patent airway permits survival beyond the asphyxiation phase. Hence, the time of cardiac
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arrest before extrication cannot be estimated with any certainty.
Survival beyond the asphyxia phase also means there is a possibility of hypothermia emerging as the primary cause of cardiac
arrest.

Resuscitation of avalanche victims in cardiac arrest
Patients who may beneﬁt from CPR should receive standard
resuscitation with ventilations as soon as rescuers gain access to
the victim’s airway and chest.36 As hypoxia is the likely aetiology, compression-only CPR is insufﬁcient.36 Mechanical compression devices may be used. While there is no evidence that
they improve outcomes, they will reduce rescuer fatigue in situations with limited personnel and may facilitate compressions
during evacuation.60 61 Because asphyxia, hypoxia and trauma
are the main causes of cardiac arrest, the presenting ECG
rhythm is commonly asystole or pulseless electrical activity.62 16
Deﬁbrillation may be required, but is rarely successful in victims
with core body temperatures below 28°C.24 Vasoactive and
antiarrhythmic drugs may also be ineffective in patients with
hypothermia with core body temperature below <30°C.38
Importantly, reversible causes of traumatic cardiac arrest, such as
hypovolaemia and tension pneumothorax, must be considered
and appropriately treated.63 In normothermic cardiac arrest
victims, resuscitation may be terminated after 20 min, in accordance with standard CPR guidelines.36

Extracorporeal circulatory rewarming and continuous CPR in
hypothermic avalanche cardiac arrest
Current guidelines recommend a further triage decision point
after core body temperature is estimated or measured. The
oxygen requirement of tissues, the brain in particular, is dramatically reduced in hypothermia.64 Case series and case reports
describe non-asphyxiated hypothermia victims, including avalanche victims, who have survived extended periods of cardiac
arrest with full neurological recovery after prolonged resuscitation during invasive rewarming.17 24 65–68 Individual case
reports describe survival even in instances where CPR has been
inefﬁcient or withheld.24 65 Consequently, guidelines recommend that hypothermic avalanche victims in cardiac arrest with
a patent airway upon location and core body temperature below
32°C receive continuous CPR until rewarmed. These victims
require invasive hospital rewarming and are ideally transferred
to a hospital with extracorporeal circulatory support (ECC) capability for circulatory support and rapid rewarming.36 However,
routine use of ECC rewarming in hypothermic avalanche
victims in cardiac arrest is associated with extremely poor outcomes, inferior to outcomes in pure hypothermic cardiac
arrest.2 Few survivors are reported, of which nearly all suffered
cardiac arrest after extrication and had extremely low core body
temperatures at <24°C, suggesting hypothermia rather than
asphyxia as the primary cause of cardiac arrest.14

Advanced life support in avalanche survivors
The prehospital management of living avalanche victims may be
guided by existing advanced trauma life support guidelines.
On-site medical management must be efﬁcient and should not
unnecessarily delay evacuation.36 Established systems such as Pre
Hospital Trauma Life Support (PHTLS), Advanced Trauma Life
Support (ATLS) or Battleﬁeld Advanced Trauma Life Support
(BATLS) dictate a systematic and sequential approach to the
assessment and management of airways and spine control,
breathing and ventilation, circulation and haemorrhage control,
disability and exposure.69–71
410

Figure 2 Algorithm describing the triage decision making process for
avalanche victims in cardiac arrest. CPR, cardiopulmonary resuscitation;
ECC, extracorporeal circulatorysupport.

Managing hypothermia in avalanche victims
Staging systems have been developed to facilitate treatment of
accidental hypothermia.38 One such staging system is the Swiss
hypothermia classiﬁcation system (abbreviated to HT). Instead
of relying on temperature measurements, this system is based
on clinical observations including decreasing levels of consciousness, loss of shivering and loss of vital signs, as is observed with
increasing hypothermia. Hence, HT circumvents problems associated with temperature measurements as well as individual variations in manifestations of hypothermia.72 After staging
hypothermia, a recommendation on the appropriate management can be made (Table 2).73 Guidelines for accidental hypothermia, however, are not easily applied to avalanche victims
where asphyxia and trauma frequently coincide. Instead, the
approach must be tailored to the individual victim. Ideally, a
core temperature is obtained which aids in determining appropriate treatment.36 Rewarming should nevertheless be initiated
on-scene in order to attenuate further cooling and after-drop.38
Exogenous heat sources, such as chemical or electrical heat pads
and blankets may be applied to the axillae, chest and back
where conductive heat transfers most efﬁciently.74 Bolus administration of ﬂuids warmed to 40–42°C will prevent further core
body temperature cooling from continuous ﬂuid infusions, but
will only marginally rewarm.38
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Table 2

The Swiss hypothermia staging system with recommendations for management

HT stage

Clinical signs

Core
temperature

HT I
Mild
hypothermia
HT II
Moderate
hypothermia

Conscious and shivering.

35–32°C

Reduced consciousness and not
shivering.

<32–28°C

HT III
Severe
hypothermia

Unconscious and not shivering but
vital signs are present.

<28–24°C

HT IV
Profound
hypothermia

No vital signs.

<24°C

Management

Hospital triage

▸
▸
▸
▸

Nearest hospital with emergency department.

Active movement and mobilisation
Supply warm and sweetened fluids
Insulate and protect from the elements.
Gentle extrication and horizontal
immobilisation.
▸ Establish ECG and core temperature
monitoring.
▸ Apply active external warming to chest,
axillae and back.
▸ Administer oxygen.
▸ Obtain intravenous or intraosseous access
without delaying transport.
▸ Insulate and protect from the elements.
As above plus
▸ Airway management: Recovery position or
advanced airway management.
▸ Avoid depolarising agents (Possible
hyperkalaemia).
▸ Carefully dose or withhold drugs.
As above plus
▸ Standard CPR.
▸ Avoid excessive attempts at defibrillation.

Stable haemodynamics:
▸ Hospital with active rewarming capability.
Unstable haemodynamics:
▸ Triage to hospital with ECMO/CPB capability for
circulatory support and rewarming.

Stable haemodynamics:
▸ Hospital with active rewarming capability.
Unstable haemodynamics:
▸ Triage to hospital with ECMO/CPB capability for
circulatory support and rewarming.
Triage to hospital with ECMO/CPB circulatory
support and rewarming.

Adapted from Brugger et al36 and Durrer et al.72 In avalanche victims the clinical presentation of hypothermia may be distorted by the possible coexistence of trauma and asphyxia.
CPB, cardiopulmonary bypass; CPR, cardiopulmonary resuscitation; ECMO, extracorporeal membrane oxygenation.

Evacuation and hospital triage
Helicopter evacuation is the preferred method of retrieving avalanche victims, but may be unavailable due to mechanical
failure, poor weather conditions or unacceptable scene safety.39
Rescuers may have to rely on snowmobiles, land ambulances or
stretcher evacuation by foot. Hospital destination will be
decided by the victim’s clinical condition and regional hospital
availability. Given the high incidence of traumatic injury, most
avalanche victims should be transferred to a dedicated trauma
centre, unless signiﬁcant injury can be ruled out with certainty.9 70 Victims with moderate to severe hypothermia are
likely to require active hospital rewarming. Victims with a core
temperature <32°C that are haemodynamically unstable should
ideally be transferred to a facility with ECC support and
rewarming.36 As detailed above, avalanche victims without vital
signs should be transferred directly to a centre with ECC capability for rewarming and resuscitation as long as they are hypothermic with a core temperature <32°C and were found with a
patent airway and an air pocket. Cardiac arrest victims who are
successfully resuscitated should be transferred to a hospital with
Intensive Care Unit (ICU) capability.36

CONCLUSION
Some of the most devastating avalanche accidents have involved
military personnel. Armed forces frequently train or are
deployed to mountain regions, exposing them to avalanche
danger. Furthermore, they are often called to assist civilian
rescue services in avalanche accidents. Clinicians attached to
such units, must have a solid understanding of avalanche search
and rescue as well as the medical management of victims.
Buried avalanche victims suffer a mortality rate of roughly 50%
of which the majority die of asphyxia, followed by trauma and
hypothermia. As demonstrated by the avalanche survival curve,
survival rates fall dramatically during the ﬁrst half hour of complete burial, leaving roughly 35% of victims alive after 35 min.
Emergency dispatch, victim location, extrication and medical
management becomes a desperate race to re-establish

oxygenation and to stabilise victims. Numerous devices have
been developed to increase survival in avalanche accidents.
Snow shovels, snow probes and avalanche transceivers are considered essential personal equipment for avalanche rescuers. A
more recent innovation is the avalanche airbag that is designed
to prevent burial or reduce burial depth if successfully deployed.
The localisation of buried victims who are not found by bystanders or transceivers often relies on organised rescue operations
deploying probe-lines and avalanche dogs. After locating the
victim, it is of vital importance to have an efﬁcient strategy for
extrication as this will greatly affect burial duration. Several
techniques for strategic digging have been developed and some
have proven their superiority in ﬁeld tests. The medical management of extricated avalanche victims can be challenging. The
clinician must be prepared to manage victims who are critically
ill or in cardiac arrest. While reversing asphyxia and hypoxia is
given priority the clinician must also be prepared to manage
hypothermia as well as a wide range of traumatic injury.
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