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WILDERNESS MEDICAL SOCIETY CLINICAL PRACTICE GUIDELINES
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History of acute None or mild Moderate-Severe

Wilderness Medical Society Clinical Practice Guidelines aitituds fliness AMS HAPE or HACE
m u

for the Prevention, Diagnosis, and Treatment of Acute
Altitude IuneSS: 2024 Update .- ccn;& UUV\a‘lL"‘"

. . ) “ 3 . - o < 5 ‘ > 3 > 'd : r > 5 ' &
Andrew M. Luks. MD': Beth A. Beidleman., ScD": Luanne Freer., MD: Colin K. Grissom, MD™: < 500 m/d above 3000 | = 500 m/d above 3000 | = 500 m/d above 3000
m with extra days for | m with extra days for | m without extra days

Linda E. Keyes, M'D:': Scott E. McIntosh, MD, MPH"; George W. Rodway, PhD, APRN'; Robert B. Schoene, MD"; (meters/day) acclimatization every | acclimatization every | for acclimatization
Ken Zafren, MD ""; Peter H. Hackett, MD"" 1000m [ 1000m [ every 1000m []

Unacclimatized individuals are at risk of High Altitude Iliness >2500m
Prophylaxis with acetazolomide “strongly considered” for high risk ascent profiles.

The appropriate dose of acetazolamide for elevations above 5000m has not
been studied.

High dose dexamethasone (4 mg every 6 hrs) “may be considered in very higr
risk situations, such as military or search and rescue personnel being airlifted to
altitudes >3500 m with immediate requirement of physical activity, but should be '
imited to these circumstances”
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Background

1.Rescues above 3500m are more complex and demanding

2. There are physical, physiological, psychological and meteorological
challenges that may complicate rescue

3.Lack of recommendations

A Nariability in skill of rescuers

5.Variability in resources of rescue teams
6.Reports of inconsistent rescue response
/Increased visitors to high altitude

8.Increased expectation of rescue at high altitude

9.Technology is advancing perhaps increasing our ability to rescue
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INTRODUCTION

Brugger, Paal, Zatren, Lechner, Agazzig

Discussion Points:

1. Categories of high altitude:

- \ery high altitude = 3500 to 5500 m

- Extreme altitude = above 5500 m

2. Briet History of Rescues at Very High A\t'ituolg

- A y
." ) ’ | “:’ ’f.

3. Epidemiology | ey

4.Varied Landscape in High Altitude Seareh and Res



INTRODUCTION

Brugger, Paal, Zatren, Lechner, Agazzi

Table 2. Annual death rates in high altitude climbing (modified from (14)

Mountain Annual death rate per | Time period

1000 people at risk (%)

Aconcagua, 6961 m, Argentina 0.8 2001-2012

(10)
Annapurna |, 8091 m, Nepal (11) 1970-2010

Cho Oyu, Himalaya (11) 1970-2010

Kilimanjaro, 5895 m, Tanzania (8, 2017

9, 15)
Mount Everest, Himalaya (11)
Denali, 6190 m, USA (16)

1970-2010

Not available?

Table 3. Main causes of death and associated risk factors in high altitude climbing

(modified from (14))

Causes of Death Risk factors

Acute altitude iliness Exposure
Avalanche burial Inappropriate equipment
Hypothermia Insufficient physical fithess
Trauma-related death (falls, rock/ice fall) Lack of skill

Pre-existing medical problems

Exhaustion and Dehydration?

Table 1. Selection of historical rescue operations at very high and extreme altitude

since 1970
Year | Country Mountain Altitude of Rescue operation Reference
rescue
?? Nepal Dhaulagiri 7000 m Helicopter rescue of a
(8167 m) Spanish climber by an Italian
pilot using a long line. The
climber died after the
evacuation. The rescue
operation lasted four days.
1973 | Nepal Mount 8790 m Ground rescue from Hillary
Everest Step of two Italian climbers
(8848 m) and a sherpa by an
expedition member who
carried bottled oxygen to
their location.
1985 | Pakistan | Gasherbrum | 7500 m Gretind and helicopter
I rescue of a paralyzed Italian
(8080 m) climber who was transported
0 camp 1 and evacuated by
helicopter.
1986 | Pakistan K2 5300 m. Graund rescue after fall into
(8611'm) a crevasse of an Italian
climber during attempt to
climb the Magic Line on K2.
He died after evacuation.
1991 | Nepal Mount 8350 m Ground rescue of an Italian
Everest climber on the Everest North
(8848 m) Face, who was struck by
cerebral edema, after 5 days
below the rock barrier in the
Great Couloir.
1996 | Nepal Mount 7906 m Ground rescue operation by
Everest a Kazakhstani climber, who
(8848 m) rescued three stranded
climbers during the
“Mountain Madness”
expedition. |
2003 " Pakistan | Nanga 6000 m A Slovenian climber was || "
Parbat (8125 stranded in a snow cave on
m) the South face (Rupal face)
and was rescued after 6
days by helicopter.




PATHOPHYSIOLOGY OF VE

Brugger, Paal, Zafren, Lechner, Luks

Discussion Points:

1. Hypobaric Hypoxia environment

2. Physiologic response

3. Clinical syndromes of Altitude Iliness
4. Acclimatization

b. Specific effects on rescuers
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TERRESTRIAL RESCUE

McLaughlin, Zatren, Piris, Jackson, Price, Tomazin, Barbish, Luks, Neudorter, Donato

Terrestrial Rescue

| | |

Organized Terrestrial Rescue Improvised Terrestrial Rescue Mixed Terrestrial Rescue

DIscussion Points:

1. Difterences (ICS, skills, resources, acclimatization, communication,
medical resources, financial/insurance, experience at altitude/
mountaineering)

2. Strategies for Mixed Terrestrial Rescue teams

3. Supplemental oxygen

4. Prophylactic medications for altitude illness
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Recommendations

g

. Recognize

Organized and M

strengths d

the differences between Improvised,
ixed Rescue Team - including their

nd limitations.

2. Rescuer safety checklist

9 | Medical Prophylaxis of Rescuers

Rescuer Safety
Cansideration

High altitude mountaineering
experience

High altitude rescue experience

Meteorological concerns

Helicopter considerations

Rest and recovery

Altitude iliness susceptibility of
rescuers

Oxygen therapy

Strategy

|dentify rescuers with mountaineering experience at high altitude and physical
condition

|dentify rescuers with past rescue experience at high altitude including technical
rescue on snow, ice & crevasse

|dentify rescuers with experience with HEMS and long line rescue.

Review weather forecast and accommodate for a temperature drop of 1-2 degree
C per 300m altitude gain and wind chill chart for long line rescue. (reference ?)
|dentify pilots with experience at high altitude

Adjust helicopter cabin weight. fuel volume & crew for the mission,

Prepare for HEMS operation if indicated

Detesmine sale localion for patient drop olf (Helicopter section will add
information here)

Rescue at very high allitude can be more physically strenuous and contingencies
must be made ta allow adequate rest and recovery for rescue team members.

{Reference ?7)

|dentify rescuers with past history of altitude related illness including AMS, HACE.
HAPE and avoid their deployment if possible

Indications for rescuers: (references)

Indications for pilot: (references)

Ensure adequate tanks for expected duration of rescue mission

Cansider using oxygen from higher altitude staches on the mountain if applicable

Indications for rescuers: (references)

Indications far pilot: (references) Q




TERRESTRIAL RESCU.

McLaughlin, Zatren, Piris,

Jaekson Pice Tonazi
Baroisih Lulks Neupor er
Donato

Nn-answered Questions:

1. Supplemental Oxygen for terrestrial
rescuers on rapid ascent?

2. Prophylactic medications for terrestrial
rescuers on rapid ascent?




HELICOPTER
ASSISTED
RESCUE AT
VERY HIGH
ALTITUDE

Shimanski, Biner,
Folini, Jackson,
Strapazzon, Luks,
Falla
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HELICOPTER- ASSILTE

) RESCUE ATV,

Shimanski, Biner, Folini, Jackson, Strapazzon, Luks, Falla

DIscussion PoiNts:

1.0perational consi

weather conditior

derati

S, CO

tl

m

s (Aircrar

't performance, adverse

gency p

olalallale)

2. Human external cargo (HEC) & rescuers exiting helicopter

considerations

3. Training and Psychological considerations

4. Supplemental oxygen

5. Prophylactic medications for Altitude Iliness

L

RY HIGH ALTTTU
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HELICOPTER- AboloTED RESCUE AT VERY HIGH éJﬁTlU Ok

Shimanski, Biner, Folini, Jackson, Strapazzon, Luks, Falla 5 y *

\Sks, i

Preliminary Recommendations:

1. Operational Considerations:
1. Reduce exposure time,
2. Pre-flight assessment and checklist,
3. Minimize helicopter and occupant weight '
4. Have a “Plan B” ground plan with survival kit

5. Required to have specific training at altitude & proximity flyirfEeeszae =& \ S

2. Human External Cargo (HEC) tactic considerations

3. Provide psychological training and support




HELICOP

[ER- AbSloTED RESCUERE AL VE

shilmmemgkl Biaer Folind Jackso

Preliminary Recommendations (cont'd):

4. Supplemental O2 is required for o

when flying 3000-4000m °
(Canadian ar

for USA]

rego

‘dless of acclimatizat

n, Strapazzon, Luks, Falla

| aircraft occupants

‘or greater then 30 min
d EASA Aviation Regulations) [3800-4300m

1ON

5. Supplemental O2 is required for all aircraft occupants
bove 4000m for any duration (Canadian and

when flyi

Nng C

FASA Av

acclimatization

6. Acclimatized pilots are preferred

iation Regulations) [>4300m for USA| regardless of




HELICOPTER- ASSILTED RESCUER AL V.
Shimanski, Biner, Folini, Jackson, Strapazzon, Luks, Falla

Un-answered Questions:

RY HIGH ALTTTUDE

L

1. Should prophylactic medications be given to
unacclimatized pilots and rescuers in helicopter assisted
rescue during rapid ascent?

2. Should there be a limit on duration at altitude after rapid
ascent? If so what is that?

3. Should there be a limit on duration outside of the helicopter
for rescuers? It so, what would that be?

4. Should rescuers and pilots have treatment dose Altitude
meds in their survival kit in case of machine failure or being
stranded at altitude?




MEDICAL CARE AL VERY HIGH ALITIUDE

Smith, Roy,
Zatren, Brugger,
Helthet Leclhner




HlGH ALTTTUDE

Smith, Roy, Zatren, Brugger, Holthot, Lechner,

DIscussion PoliNnts:

1. Barometric and non- barometric effects of high
altitude on medical equipment and medications

2. Medical care, equipment and skills unigue to the
very high altitude environment

3.What are the expected medical conditions at very
high altitude




MEDICAL CARE
Al VERY HIGH
ALTTIUDE

Smith, Roy, Zatren, Brugger,
Holthot, Lechner,

Preliminary
Recommenaations:

1. Effects of high altitude
environment on medical equipment

Table 1. Effects of high altitude environment on medical equipment

Treatment or
Equipment

Complication at Very High Altitude

Mitigation Strategies

MEDICAL EQUIPMENT

Barometric Effects of
High Altitude

Complication at Very High Altitude

Mitigation Strategies

Balloon-sealed tubes
(Endotracheal tubes,
certain supraglottic

airways - King Tube)

An increase in ambient air pressure with descent
may cause decrease in pressure in tube causing
air leak or potentially displacement of tube

Use a manometer to measure pressure during flight,
consider a non air-filled alternative like Igel suprglottic
airway or instil saline instead of air

Portable Ventilators

Some portable ventilators will not function well at
high altitude. Turbine-based ventilators in
particular are often impacted by changes in gas
density which will result in different delivered
volume at different altitudes.

Ensure ventilators are calibrated for high-altitude prior
to utilization on missions. Piston-based ventilators and
bag-valve masks do not generally require
compensation or calibration at altitude.

Non-Barometric
Effects of High
Altitude
(e.g. Low Temperature,
High Winds, High UV
radiation,
Condensation)

Complication at Very High Altitude

Hypothermia wraps

High wind conditions may make application of
flimsy hypothermia wrap blankets impossible
and/or they commonly will rip.

Mitigation Strategies

Follow standard “Burrito” wrap procedure (reference to
WMS burrito wrap) and use a more robust
hypothermia blanket wrap.

Metal laryngoscope
blades

Metal laryngoscopes have been found to adhere
to moist tongues in cold environments

Consider an alternative like a plastic laryngoscope
blade

Plastic medical
equipment (ie.
endotracheal tubes,
NG tubes, BVMs,
masks etc)

Plastic tubing may freeze at cold temperatures

causing reduced flexibility and mobility or
fracturing.

Keep all plastic medical equipment warm in your

jacket prior to application. Certain Bag-Valve-Masks
(BVM) will function better at cold temperatures.

Reactant-based or
protein-based testing

UV light and freezing can damage point-of-care
testing, altering results

Equipment and reactants should be stored in opaque
containers, protected from freezing and solar heating.
When pre-test probability is moderate or high, clinical
judgment should take precedence over negative

devices

and/or may cause complete malfunction

results of tests known to be sensitive to envrig Sl
conditions.
Batlery power medical | Cold temperatures will deplete battery duration Bring extra batteries or use a heat pad ned . eS

during their operation

Intravenous Fluids

May freeze, administration may cause worsening
hypothermia

Only use if accompanied with a war i
IV tubing.




Table 2. Effects of high altitude environment on medications

Treatment or Complication at Very High Alttude Mitigation Strategies
Equipment

Barometric Effects of
High Altitude

Volatile API or
Excipient Loss

| L

Metered Dose Inhalers

I At
H C
I / \ ] L |
—— I (MDIs)
—
I Dry Powder Inhalers

(DPIs)

| o, |

Changes in
Pharmacokinetics and
Phamacodynamics

Smith, Roy, Zatren, Brugger,
Holthot Lechner

(e.g. Low Temperature,
High Winds, High UV
radiation,
Condensation)

Medication or container
damage

Oral and inhaled
medications may

clump

Preliminary Recommendations:

Intravenous fluids

2. Effects of high altitude environment on medications

Changes in
Phamacokinetics and
Phamacodynamics

MEDICATIONS

At lower pressure, APls and excipients become
more volatile. This may result in AP| or excipient
loss (e.g. Nitroglycerin tablets may lose potency)
At lower pressure, the tatal number of deses in
an MDI may be somewhat decreased. A higher
propartion of drug may be lost to evaporation at
high altitudes.

DPls such as the Turbuhaler or Accuhaler
depend on the creation of turbulent flow for the
deagglomerating process to occur. In a lower
pressure environment, higher flow is needed to
avoid laminar flow and induce turbulence.
Conversely, due to the lower resistance of less
dense air, patients experience increased flow for

a given inhalation effort at lower aliitude and may

consequently decrease their inspiratory effort.

Drug absorption and metabolism can change at
altitude for a variety of physiolagic reasons. This
could potentially result in increased drug toxicity,
drug accumulation, ar conversely, less
therapeutic effect. Example: high altitude
hypobaric hypoxia is known to strengthén and
extend nitroglycerin-induced peripheral
vasodilation in healthy subjects. Vasodiiating
drugs may have api@mplified effect and resuit in
more profound thérapeutic effects than intended
witheut dose adjustment.

UV light, humidity, freezing or solar heating may
all cause damage to medications or medication
storage (e.g. vials or ampules).

Oral and inhaled powders may clump or dissolve
when moisture precipitates with large changes in
altitude or local humidity. This may damage
medications or render them impossible ta
effectively dose or administer.

IV tubing is al high risk of freezing in subzero
temperatures, particularly in the setting of high
winds or rotor wash.

Drug absorption and metabolism can change
dramatically in patients with environmental
exposures (e.g. hypothemia). This could
potentially result in increased drug ioxicity, drug
accumulation, or conversely, less therapeutic
effect. In particular, providers should be careful
about using peripheral subcutaneous or
intramuscular routes in patients who are cold
stressed or hypothermic as peripheral
vasoconstriction may dramatically slow
absorption.

Complication at Very High Altitude Mitigation Strategies

Consider packing liquid formulations which are
metered at the ime they are given or individually foil
sealed oral or trancutaneous formulations.

Consider replacing MDls early in medical stores even
if they are not depleted. To counteract this drug loss, it
is recommended to utilize a spacer

when using MDls at altitude.

Consider using MDIs rather than DPls when possible.
When DPls are the only option, instruct patients to
increase inhalation effort. Store in a dry place.

Providers should be familiar with the potential for
abnarmal pharmacokinetics and pharmacodynamics at
high alatide, particularly in patients who are
hypothemic or cold stressed, those with tachypnea or
Known metabolic derangements, and patients with Gl
upset andlar poor food intake due to altitude iliness.
Drug effeels should be kept in the differential
diagnosis when patients with symptoms of altitude
lincsses do not improve with descent and treatment.

Mitigation Strategies

Select medications known to be less affected by
freezing. Choose flexible plastics rather than glass
when possible. Favor tablet formulations over liquids
or capsules. Medications that are both very sensitive
to freezing and moderate heat in particulary (e.g.
insulin) should be stored in a way that minimizes the
risk of freezing or prolonged heating.

Store medications in a dry containers that will not
collect moisture. Consider packing with silica packs to
reduce condensation.

If intravenous lines are required, consider IV warmers
designed for operational environments and protect
lines from freezing by keeping them inside
hypothermia wraps. elc.

Select medications with flexible options fas
adminstration routes. Choose route ¢
patient factors (e.g. level of conscig
hypothermia) as well as environmr
considerations (e.g. freezing of lin
temperatures, rotor wash, etc).




Patient Care Considerations Strategy

MEDICAL CAR.

| L

1 | Medical care of the patient at high altitude Medical knowledge, skill and equipment to identify and treat:
A. Altitude iliness (AMS, HACE, HAPE) (Reference ?)

D. Common ilinesses (eq infectious disease, dehydration, electrolyte

1l I ‘ | B. Cold related illness (eg. Hypothermia and frostbite)
Z S —
I ‘ | C. Trauma

I | I I |
) —] disturbance).
| u ' 2 | Medical Equipment for patients at High Alttude 1 Oxygen for treatment of patient with altitude illness, respiratory

Smith, Roy, Zatren, Brugger,
Holthot, Lechner

Preliminary Recommendations:

3. Patient care considerations at very high
altitude checklist

lipess, exhaustion, cardiac illness or trauma

Hypothesmia wrap with chemical warming blanket, warm tea for

hypothermia

Dressings for frostbite
Airway equipment including |gel supraglottic, BVM, NFPA

Altitude lliness medical treatment (Dexamethasone,

Acetazolamide, Nifedipine)

Consider Gamow bag if prolonged duration at altitude expected
Dressings, splints, slings, tourniquets for trauma
AED for cardiac instability

Other medications: analgesics, antiemetics, electrolyte tablets,

glucose tablets, antibiotics




MEDICAL CARE AT VERY HIGH ALTTTUDE

Smith, Roy, Zalren, Brugger, Holthot, Lechner,

Un-Answered Questions:

1. Further review of the effects of hypobaric,
Nypoxic, cold temperatures, high UV and low
nuMidity environment on medical equipment &
medications.

2. Further work on the actual medica
knowledge and skills required to manage
common medical conditions at very high
altitude
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PHILOSOPHICAL & E T

Pzal Ellerton Tornazin

Recommendations:

1. When ethical aspects of a rescue mission are
discussed, the four principles of Biomedical
Fthics should be considered:

1. Autonomy

PRt Crciiceiee

3. Non-maleficence

4. Justice




DISCUSSION &
CONCLUSION

McLaughlin, Brugger

1. Operational Checklist for Rescuer Safety

Rescuer Safety
Consideration

High altitude mountaineering
experience

High altitude rescue experience

Metecrological concerns

Helicopter considerations

Rest and recovery

Altitude iliness susceptibility of

rescucrs

Oxygen therapy

9 | Medical Prophylaxis of Rescuers

Strategy

|
!

|dentify rescuers with mountaineering experience at high altitude and physical
condition

ldentify rescuers with past rescue experience at high altitude including technical
rescue on snow, ice & crevasse

|dentify rescuers with experience with HEMS and long line rescue.

Review weather forecast and accommodate for a temperature drop of 1-2 degree
C per 300m altitude gain and wind chill chart for long line rescue. (reference 7)
|dentify pilots with experience at high altitude

Adjust helicopter cabin weight, fuel volume & crew for the mission,

Prepare for HEMS operation if indigated

Determin@ safe logation for patient drop off (Helicopter section will add

information here)

Rescue at very high altitude can be moré physically strenuous and contingencies
must be made to allow adequate rest and recovery for rescue team members.

(Reference ?)

Identify rescuers with past history of altitude related iliness including AMS, HACE.

HAPE and avoid their deployment if possible

Indications for rescuers: (references)

Indications for pilot: (references)

Ensure adequate tanks for expected duration of rescue mission

Cansider using oxygen fram higher altitude staches on the mountain if applicable

Indications for rescuers. (references)

Indications for pilet: (references)




DISCUGSION &
CONCLUSION

McLaughlin, Brugger

2. Operational Checklist for
Patient Care

Patient Care Considerations

1 | Medical care of the patient at high altitude

2 | Medical Equipment for patients at High Alttude

Strategy

Medical knowledge, skill and equipment to identify and {reat:

A. Altitude iliness (AMS. HACE, HAPE) (Reference ?)

B. Cold related iliness (eg. Hypothermia and frostbite)

C. Trauma

D. Common illnesses (eg infectious disease, dehydration, electrolyte

disturbance).

]
|

Oxygen fortréatment of patient with altitude iliness, respiratory
illness, exhaustion, cardiac illness or trauma

Hypothermia wrap with chemical warming blanket, warm tea for

Dréssings for frostbite
Airway egquipment including Igel supraglottic, BVM, NPA

Altitude lliness medical treatment (Dexamethasone,
Acetazolamide, Nifedipine)

Consider Gamow bag if prolonged duration at altitude expected
Dressings. splints, slings, tourniquets for trauma
AED for cardiac instability

Other medications: analgesics, antiemetics, electrolyte tablets,

glucose tablets, antibiotics




SCUSSION & CONCL

McLaughlin, Brugger

History of HACE

3. Rescue at High Altitude Prophylaxis Tool

Ascent in 1 day
(Personal Hx
of AMS)

Ascent in 1 day
(No Hx of AMS)

Ascent in 2 days

Ascent in >2 days
& following WMS
guidelines

£
o
-
iy
~
V

>4,000 m

3,000-3,500 m
3,500-4,000 m

Supplemental oxygen +/~ dexamethasone
suggested

: F Acetazolamide & dexamethasone
High risk
recommended

Very high risk

Moderate risk Acetazolamide recommended

Low-moderate risk Consider acetazolamide

Low risk No prophylaxis
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OXYGEN & PROPHYLACTIC MEDS AL VERY HIGH ALTTIUDE
ICAR MedCom

Research Protocol:

Questions: -Scoping Review

i ?
1. O2 for rapid ascent” Authors:

2. Prophylactic meds (Acetazolamide,
Dexamethasone, Nifedipine, Tadalaphil) for

-McLaughlin, Roy, Paal, Zafren,

r‘apid ascent? Strapazzon, Falla and Musi
3.Terrestrial Rescue Target Journal.
4. Helicopter Rescue -High Altitude Medicine & '
Biology




HELICOPTER RESCUER AL VERY HIGH ALITIUDE

[CAR Air Com + Med Com
Questions:

Authors:

1. Operational considerations (Aircraft performance,

adverse weather conditions, contingency planning) .Shimanski Biner, Maurizio, Jackson,

McLaughlin

2. Human external cargo (HEC) & rescuers exiting

helicopter considerations
3. Training and Psychological considerations Target Journal.
4. Supplemental oxygen . AirMed and Rescue '

5. Prophylactic medications for Altitude lliness



MEDICAL CARE AL VERY HIGH ALTTTUDE

IOAR MedComn

Authors:

Questions:
-Smith, Roy, McLaughlin, Holthof,

1. Barometric, Hypoxic, low temperature, low humidity Lechner

and high UV effects of high altitude on medical
equipment and medications

, | o | Target Journal:
2. Medical care, equipment modifications required to

safely manage patients at very high altitude with
commonly expected conditions

- Wilderness and Environmental
Medicine Journal

3. Medical skills and technigue unigue to the very high
altitude environment
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