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What is an
Avalanche?
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natomy of an Avalanche

=v )
- & __,a‘

_(#l'.- »
@& RO " &F

™ & A pont POINT
CLAB AVALANCHE L

AVALINCHE

Knoo‘,e Snow |

ticus major

CRowN :'_j*‘

BED -
SURFACE

RIGHT
FLANK

tibialis posterior

Mike Clelland



™\ crown FACE _

FLANK ‘// \(.
/ ’ '.JBED SURFACE
l.:’:) - al

STAUCHWALL ./ ge

s
s
P

’ 7',“3_)

-

DEBRIS




Avalanche Problem Type

Loose Dry Storm Slab Wind Slab Persistent Slab

Loose Wet Cornice Fall



Loose Avalanche




Slab Avalanche (dry)




Wet avalanche (dry and loose)




Recipe for an Avalanche

Terrain

/ Trigger \

Weather «——— Snowpack



Terrain

* Slope ang
e 35-45 ¢

2
egrees

* CONVEX's

nape

* Underlying rock bands

e Cornices

* Terrain Traps
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Terrain

/ Trigger \

Weather «——— Snowpack



© Grant Gunderson

* Slab
Snowpack * Weak Layer

 Bed Surface
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Weather

Precipitation Wind Temperature
* Type * Speed * Rapid warming
e Rate * Direction * Cold snap

e Amount * Duration * Solar effect
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Avalanche Burial: complications

Asphyxia

7\

Trauma <————-p Hypothermia



Asphyxia

(oxygen deprivation)

* ~¥75% deaths
* Time = important

* Considerations:
* Air pocket
* Physical Blockage
* |ce Masks

* Weight of snow on
chest




Austria 2005-2013 (n=333)
Canada 1981-2005 (n=301)
Switzerland 1981-1991 (n=422)

——— Switzerland 2005-2013 (n=300)
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Strapazzon, et al. J Physiol. 2024
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Brugger et al Resuscitation, 2003



Strapazzon, et al. JAMA, 2023



Trauma

e ~ 25% North America, Europe
* North American > Europe
* Head, chest injuries most common




Hypothermia

Less common

Long burials, good air pocket
Core temperature

Afterdrop

Complications

* Coagulopathies

e Cardiac arrhythmias



Avalanche burial: mortality review

Hypothermia

Trauma

Asphyxia







Avalanche Prevention

* Education
* Formal classes
* Community events
 Academic research

* Public Safety
* Department of Transportation
* Avalanche Information Centers
 Ski area avalanche departments

* Avoidance
* Terrain, weather, snowpack



https://www.caledoniacourier.com/news/snapshot-avalanche-rolls-over-snowshed-tunnel-on-highway-1-east-of-revelstoke-6113500




North American Avalanche Danger Scale
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Above 9 500 ft.
8.000-9.500 ft.
— Below 8.000 ft.

www.avalanche.org



If you trigger an
avalanche:

* Get off the slab

* Avoid burial

* Minimize trauma
* Avoid asphyxia




Avalanche
Rescue




Goals of Avalanche Rescue

* Locate victims
* Medical evaluation/treatment
* Evacuation












Transceiver Search

e “Run, Walk, Crawl”

* Signal Search

e Last seen area / entire debris
e 40m switchbacks

* Coarse Search:
* Brings rescuer to within 3m
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Probing

* Search probing:
e Concentric circles
* 25cm spacing

* Spot probing
* Likely burial spots
* Upto 1.5m deep

* Probe Lines
* Rescue groups
* Wrist-to-wrist line-up
* Three holes per rescuer




Shoveling




Organized versus companion rescue

* Companion rescue:
e 4x survival

* Organized:
e Usually > 35min response time

* Rescue team resources:
* Dogs
* Probe lines
* Medical
 Air/ground transport










c
v 0
L =
O ©
C ¥
© 'O
T 5

(V)
<< o
o




Involved?

RN i

Not injured Injured  Hvpoth - Adequate
or J ) T Airway + Air \
hypothermic l pocket?
NO
Yes

Injured or /

Hypothermic?



Trauma: management

* Early hemorrhage control
* Airway management

e Spinal immobilization

* Limb splinting

* Analgesia

e Tension pneumothorax




Hypothermia:
management

e Suspect in any avalanche patient
* Afterdrop

* Heat packs/ warm blankets

* Handle carefully

* ECLS facility




Hypothermia: complications

* Coagulopathy: bleeding and
clotting

* Pulmonary edema
* Dysrhythmias = cardiac arrest




Cardiac Arrest

* Quick initiation of CPR

* Defibrillation considerations

* Advanced Life Support

* Mechanical chest compressions

* Intermittent CPR

* Withholding/Termination of efforts



Potassium?

e Strong survival predictor

* Helps determine
resuscitation efforts

e 2019: 7.0 mmol/L cutoff













; AVALANCHE VICTIM RESUSCITATION CHECKLIST
Pa t’ en t ID ©ICAR MEDCOM,oct 2015, Kottmann A, Blancher M, Pasquier M, Brugger H

| Time of avalanche : BLS Provider ALS Provider

. Face exposure : ! YES | Obvious lethal
) i D Trauma or body
(< i ial Ti ) totally frozen

>60 min
. report

(<30°C) .
Air Pocket

Ty on reverse side

Use core temp

<30°C Core Temp ( >30°C
oruninown | at extrication
] ._c| [

c Core Temperature
at extrication or unknown

. __oc D Long transport Follow standard
or multiple ALS guidelines

casualties el orgo to
e appropriate

Follow standard ALS guidelines medical facility
TOP or go to appropriate medical facility




Single Avalanche Victim Medical Response
Drafted by: TJ Hartridge, DO FAWM

Lindsey Fell, MD

Scene Safety Draft Date: September 2023
Excavate to Airway

et Signs of Llfe"
YES NO

' N\

T Breathing?

Finish Excavating |
NO
Hemorrhage?
l Give 5x Rescue Breaths
Other Injuries?
Spontaneous Breathing?

Treat/Prevent Hypothermia |
NO

Call for Help +/- Evacuate l
Assess Pulse

Signs of Life: R ding, eye opening, g, chest rise, pulses? No
Support Breathing: Help with body positioning, dig out around chest to allow expansion, recavery l

MWAMMhMmhMMM

Open Airway w/Jaw Thrust: Fingers behind angle of the jaw, pull the jaw forward. This pulls the
tongue forward, and OPENS the AIRWAY. LOOK for ice/snow and other obstruction in the AIRWAY.
This technique protects C-SPINE.

~Rescue Breaths: 5 initially, with pocket mask or bag valve mask, look for chest rise. Racheck. If
rescue breaths are needed give 1 breath every 8 seconds.

~Treat Hypothermia: Protect from exposure (wind, snow, stc.) Insulate patient from snow. Remove
and replace wet clothing. Consider using excavated snow and burial site as shelter # scene is safe.
-CPR: 30 compressions with 2 breaths, rate of 100-120 beats a minute. (Compression Only CPR
Acceptable) Stop after 30 minutes if no signs of life, or if at any point it scene is no longer safe.







Summary

 Call for Resources early

* Scene safety

* Asphyxia > trauma > hypothermia

* Companions are lifesavers

* Do they have an airway / air pocket?

* Hypothermic patients are fragile

* Intermittent CPR is OK, limited defibrillations
* ECLS candidate?



Proceedings, International Snow Science Workshop, Bend, Oregon, 2023
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Proceedings, International Snow Science Workshop, Bend, Oregon, 2023

SNOW CONVEYOR BELT - SUMMARY AND UPDATES ON THE MOST LIFE-
SAVING AVALANCHE RESCUE EXCAVATION STRATEGY

Manuel Genswein’, MountainSafety.info Workgroup for Avalanche Rescue'

" MountainSafety.info




J Physiol 602.21 (2024) pp 5785-5800

REVIEW-SYMPOSIUM

Avalanche burial pathophysiology — a unique combination
of hypoxia, hypercapnia and hypothermia

Giacomo Strapazzon? (), Anna Taboni' 7, Erik Sveberg Dietrichs®, Andrew M. Luks*
and Hermann Brugger!

!Institute of Mountain Emergency Medicine, Eurac Research, Bolzano, Italy

2Department of Medicine - DIMEM, University of Padova, Padova, Italy

3Institute of Oral Biology, University of Oslo, Oslo, Norway

Division of Pulmonary, Critical Care, and Sleep Medicine, Department of Medicine, University of Washington, Seattle, WA, USA




2023 ICAR Updates

REVIEW | VOLUME 184, 109708, MARCH 2023 EESZEe ezl Rt INEEIE

On-site treatment of avalanche victims: Scoping review and 2023
recommendations of the international commission for mountain
emergency medicine (ICAR MedCom)

M. Pasquier & X G. Strapazzon & e A. Kottmann = e ... M. Blancher & «C. Jaques = ¢ H. Brugger -l
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