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SUPPLEMENTAL OXYGEN AND PHARMACOLOGIC PROPHYLAXIS FOR RAPID
ASCENT TO VERY HIGH AND EXTREME ALTITUDES

MclLaughlin, Paal, Falla, Strapazzon, Luks, Zafren Brugger, Musi, Tomazin, Roy
Target Journal: High Altitude Medicine & Biology

Questions:

1. O2 for rapid ascent > 3500 m?

2. Pharmacologic prophylaxis (Acetazolamide,
Dexamethasone, Nifedipine, Tadalaphil) for rapid
ascent > 3500m?

3. Application in Terrestrial Rescue?

4. Application in Helicopter Rescue?




TERMS OF REFERENCE:

RAPID ASCENT: >300 M/DAY

VERY HIGH ALTITUDE: 3500 m - 5500 m (5000 m)

EXTREME ALTITUDE: >5500 m (5000 m)




I\/l ET H O D S 723 References imported for screening ——» | 89 Duplicates removed

634 Studies screened for relevance — 501 Studies excluded

*RCT or Observational studies

133 Full text studies reviewed > 83 studies excluded

eElevation >3500 m

eAscent rate >300 m/day

50 Studies included in data extraction

6 29 17 3 5
Supplemental || Acetazolamide?.2 Dexamethasone! Nifedipine2 Phosphodiesterase-
oxygen 5 Inhibitors?

A

1. 8 studies were included in both Acetazolamide and Dexamethasone data tables.
2. 1 study was included in acetazolamide, Nifedipine and Phosphodiesterase-5 Inhibitor data tables I



SUPPLEMENTAL OXYGEN

Canadian Transport Agencya:
+  Oxygen required for:
« Aircraft operators (pilots) and all occupants flying to altitudes of 10000 ft (3048 m) to
13000 ft (3962 m) for flights longer than 30 min
« Aircraft operators (pilots) and all occupants flying above 13000 ft (3962 m) for any
duration

Federal Aviation Agency (USA)®:
+  Oxygen required for:
« Aircraft operators (pilots) flying to altitudes of 12500 ft (3810 m) to 14000 ft (4267 m)
for flights longer then 30 min.
« Aircraft operators (pilots) flying to altitudes above 14000 ft (4267 m) for any duration
« Aircraft operators (pilots) and all occupants above 15000 ft (4572 m) for any
duration

European Union Aviation Safety Agency (EASA)c:
* No Oxygen is necessary between 13000-16000 ft (3962 - 4877m) if:
*  Duration <30 min,
Pilot is experienced conducting operations at high altitude without supplemental
oxygen,
Pilots and crew are acclimatized, and
« Pilot and crew have received training in hypoxia.
+ Oxygen is required for:
+ Aircraft operators (pilots) and all occupants flying to altitudes of 13000 ft (3962 m) to
16000 ft (4877 m) for flights longer then 30 min.
Aircraft operators (pilots) and all occupants flying above 16000 ft (4877 m) for any
duration




SUPPLEMENTAL OXYGEN

1.

3.

= : Y
Recommendations b -—’—"’/Z

During Flight: Follow aviation regulations. If a regulation is not

available, O2 for: (strong recommendation, moderate-quality

evidence)

1. Optional for short duration <30 min flights above 4000 m. =

2. Recommended for longer duration >30 min flights between 3500__~ &
4000 m. -

3. Mandatory for any duration above 4000 m

Rescuers on the ground after helicopter rapid ascent: Same as &
above for rescuers on the ground or on long-line for HEC missions. § ” :
(strong recommendation, moderate-quality evidence)

Terrestrial Rescuers approaching patients by ground: Consider
oxygen when rapidly ascending >3500 m, if resources allow. (weak
recommendation, moderate-quality evidence)

If supplemental oxygen is being used, pharmacologic prophylaxis is ’
not needed. (strong recommendation, low-quality evidence) IM Q



1.

S

. Avoid AZ in rescuers with prior anaphylaxis or Stevens-Johnson syndrom

Si"; Recommendations

AZ 250 mg every 12 h for rapid ascent rescue to 3500-5000 m if the duration
expected to exceed 3 h and immediate deployment is not required. (Strong
recommendation, high quality evidence) N

. Start AZ as soon as notified, ideally the day before ascent. (Strong

recommendation, moderate-quality evidence)

Continue AZ during the rescue for 2-4 d or until descent, whichever comes
first. (Strong recommendation, low-quality evidence)

caused by sulfonamides. (Strong recommendation, low-quality evidence



:_:‘. e % - .
* Recommendations

‘4

DEX 4 mg every 6 h above 3500 m for > 3 h and immediate deployment is
required. (Strong recommendation, moderate-quality evidence)

. Az + DEX when >5000 m for >3 hours. (Strong recommendation, high quality
evidence)

. If prolonged time at altitude is unavoidable, continue DEX for 2-4 d or until
descent, whichever comes first. (Strong recommendation, low-quality evidence)

. DEX should be tapered slowly rather than stopped abruptly when used for w
than 7 d (Strong recommendation, high-quality evidence)



b

Rescuers with a histon y

/ 5

every 8 h. (Strong reco/ mendatlon 4/ k*’ o .
Rescuers with a h|§tbry ,p;‘., £ 00, inable to tAKE
must rapidly deploy to ‘above 35081 should use Tadalz
every 12 h.ours ak recommendation, low quality evident
4. Avoid concur, ent use o IF and PDE 51 (Strong recommendation,

evidence )/
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CONCEPTS THAT INFLUENCED ALGORITHM:
1. Acetazolamide, Dexamethasone reduces AMS incidence and severity

2. Acetazolamide has slower onset of action then Dexamethasone
3. ‘Nifedipine has strong evidence for HAPE prevention in subjects with previous HAPE
4. Tadalaphil is not superior then Nifidepine but can be used as an alternative

5. AMS typical onset is 6-12 hours - arbitrary time of 3 hours chosen for duration to
initiate pharmacologic prophylaxis

6. HACE incidence is elevated > 5000m, therefore combine Acetazolamide and
Dexamethasone

7. Pharmacologic prophylaxis is not required if supplemental oxygen is being used |MQ



ALGORITHM:
RAPID ASCENT
RESCUE > 3500M

Decision made to deploy for rescue >3500 m

v

History of HAPE, acute injury or iliness, chronic respiratory or cardiac disease?

NO
YES=P| cLeEARANCE

v

Expected duration of rescue >3 hours

v

v

NO

v

YES

Supplemental Oxygens if:
>30 min above 3500m or
any duration > 4000m

Immediate Deployment Required?

'

<« 34

v

v

Rapid Ascent to 3500-5000m

Rapid Ascent >5000m

v

4

Supplemental Oxygens
OR
AZ 250 mg every 12 ht.2

Supplemental Oxygens
OR

AZ 250 mg every 12 ht.2
DEX 4 mg every 6 h234

v

YES

v

Supplemental Oxygen5
OR

DEX 4 mg every 6 h234

If >5000m add’:
AZ 250 mg every 12 h1.2

High altitude survival kit for rescuers®

N =

2. HACE

. Supplemental oxygen
. High Altitude lliness Medications:
1. AMS Treatment: Acetazolamide 250 mg oral every 12 hours

v

IS

8mg then 4 mg every 6 hours

3. HAPE Treatment: Nifedipine 30 mg ER oral every 12 hours

. Personal safety equipment including but not limited to appropriate footwear, adequate
clothing, personal shelter, sleeping bag and climbing equipment ( if required) to safely
descend if egress plan required or spend the night.

. Food, hydration, stove and fuel.

. Standard first aid kit

. Consider portable hyperbaric chamber at site or base camp if overnight stay is anticipated




ALGORITHM: RAPID ASCENT RESCUE > 3500M

Decision made to deploy for rescue >3500 m

v

History of HAPE, acute injury or illness, chronic respiratory or cardiac disease?

v

Expected duration of rescue >3 hours

v

YES P>

NO

CLEARANCE

R



ALGORITHM: RAPID ASCENT RESCUE > 3500M

v

Expected duration of rescue >3 hours

v

v

NO

Supplemental Oxygens if:
>30 min above 3500m or
any duration > 4000m

v

YES

Immediate Deployment Required?

$

v

v

Rapid Ascent to 3500-5000m

v

Supplemental Oxygen5
OR
AZ 250 mg every 12 ht.2

YES
+ Supplemental Oxygen5
OR
Rapid Ascent >5000m DEX 4 mg every 6 h234
+ If >5000m add”:
AZ 250 mg every 12 h1.2
Supplemental Oxygen5

OR
AZ 250 mg every 12 h1.2
DEX 4 mg every 6 h234




Oxygen5

y 12 h12

ALGORITHM RAPID ASCENT RESCUE > 3500M

h 4 | AL Z0U Mg every 1£ N« |
Supplemental Oxygens .
OR

AZ 250 mg every 12 h1.2
DEX 4 mg every 6 h234

High altitude survival kit for rescuers®

1. Supplemental oxygen

2. High Altitude lliness Medications:
1. AMS Treatment: Acetazolamide 250 mg oral every 12 hours
2. HACE Treatment: Dexamethasone 8 mg oral/IM/IV then 4 mg every 6 hours
3. HAPE Treatment: Nifedipine 30 mg ER oral every 12 hours

3. Personal safety equipment including but not limited to appropriate footwear, adequate
clothing, personal shelter, sleeping bag and climbing equipment ( if required) to safely
descend if egress plan required or spend the night.

4. Food, hydration, stove and fuel.

5. Standard first aid kit

6. Consider portable hyperbaric chamber at site or base camp if overnight stay is anticipated




HELICOPTER
RESCUE AT VERY }
HIGH & EXTREME}

ALTITUDE

McLaughlin, Shimanski,
Jackson, Biner, Folini,
Hermansky, Ridington,
Hicks, Zafren, Strapazzon,
Falla, Brugger

Video: Maurizio Folini

Location: Everest Camp 3
@ 7300 m




HELICOPTER RESCUE AT VERY HIGH & EXTREME ALTITUDE

McLaughlin, Shimanski, Jackson, Biner, Folini, Hermansky, Ridington, Hicks, Zafren, Strapazzon, Falla, Brugger

Target Journal: High Altitude Medicine & Biology

Discussion Points:

1. Operational Considerations

2. Ground Site Considerations

3. Pilot & Rescue Personnel Safety

Post Mission Considerations




5. Human external carg

= an B N =
“Plan B” ground rescue plan
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OPERATIONAL CONSIDERATIONS

1. AIRCRAFT PERFORMANCE

eImpact of air density on helicopter performa Jee.

e\Weight reduction for VHA efficiency
eFuel management and optimization
ePower reserves for high-altitude flying

e|deal helicopter attributes for rescue mission




OPERATIONAL CONSIDERATIONS

2. REDUCING EXPOSURE TIME

eMinimizing flight and exposure time

eKey Operation Decision: solo vs. accompanied pilot

eHuman External Cargo (HEC) vs. landing options

eFlight planning: number of flights and personnel per
flight

eManaging flight duration




OPERATIONAL CONSIDERATIONS

3. PRE-FLIGHT RISK ASSESSMENT

ePre-flight risk checklist should be performed
for ALL helicopter rescue operations

eExtra risks of VHA missions must be included.

eSafety of the pilot and rescue team is the first
priority

eRisk analysis matrix specific for rescue at VHA

Source: Gerold Biner Air Zermatt




OPERATIONAL CONSIDERATIONS

4. METEOROLOGICAL CONCERNS

eChallenges of severe weather at VHA

e|ncreased icing risk in cold and moist
conditions

eCabin humidity and windshield freezing issues

e Aircraft heating and de-misting limitations at
altitude

eFuel management in extreme cold
temperatures




OPERATIONAL CONSIDERATIONS

S HIMAN BTEENALCARGD (FHEQ) o

enges of terrain and we
helicopter rescues

eHuman External Cargo (HEC) methods: short-
haul vs. hoist

eOptimal tactics for short-haul operations at
VHA

eLong-Line techniques and balancing safety with ==
performance y

eRescuer selection and medical care strategy at
VHA




OPERATIONAL CONSIDERATIONS

6. “PLAN B” GROUND RESCUE PLAN

e|mportance of alternate rescue options in VHA missic
eFactors leading to aborted air rescues

eRedundancy: Second helicopter and ground rescue
teams

eGround rescue as a viable backup in air rescue failuress
_‘\&

eEffective communication for combined ground and aﬁ”‘

L

operations e

< = e
™ i



OPERATIONAL CONSIDERATIONS

7. CONTINGENCY PLAN FOR AIRCRAFT
GROUNDING

*Predetermined ground egress route to descend
safely

ePersonal high altitude survival kit (Table 2)

eSecond helicopter evacuation option
eConcurrent ground rescue team

*Preparation for an overnight stay with adequate
equipment




1. Staging Area preparation
2. Rescue Site preparation

3. Destination determingtion

B e » - . »
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Supplemental oxygen

High Altitude lliness Medications:

1. AMS Treatment: Acetazolamide 250 mg oral every 12 hours

2. HACE Treatment: Dexamethasone 8 mg oral/IM/IV then 4 mg every 6 hours

3. HAPE Treatment: Nifedipine 30 mg ER oral every 12 hours

Personal safety equipment including but not limited to appropriate footwear, adequate

clothing, personal shelter, sleeping bag and climbing equipment ( if required) to safely

descend if egress plan required or spend the night.

Food, hydration, stove and fuel.

Standard first aid kit

Consider portable hyperbaric chamber at site or base camp if overnight stay is anticipated










HELICOPTER RESCUE AT VERY HIGH & EXTREME ALTITUDE - RECOMMENDATIONS

Considerations

Element

Strategy

Operational

Ground Site

Pilot and Rescue
Personnel

Post Mission

Aircraft
Performance

Reducing Exposure
Time

Pre-Flight Risk

Meteorological
Concerns

Human External
Cargo (HEC)

“Plan B” Ground
Rescue Plan

“Contingency Plan
for Aircraft
Grounding

Staging Area

Rescue Site

Destination
Considerations

Acclimatization
Training
Considerations
Personal Survival

equipment

Supplemental
Oxygen

Pharmacologic
Prophylaxis

Rest and recovery
After Action Review
Recognize

Psychological
Stress

« Optimize helicopter cabin weight and fuel for the mission

Contemplate best possible landing strategy and minimize ground time

Apply risk assessment for helicopter high altitude rescue analysis matrix (table 1)

Review weather forecast and wind

Determine optimal HEC strategy, line length, need for attendant supplemental oxygen

Establish a ground rescue option at a set staging area if unable to complete helicopter mission

Confirm egress plan for pilot and crew to descend safely by ground & ensure all have survival kit including prophylactic
medications for high altitude illness (Table 2). Consider 2nd helicopter (if indicated)

Acceptable mountain hazards at safe elevation for rescuer acclimatization and helicopter performance. Consider 2nd
helicopter and/or ground rescue team at staging (if indicated)

Prepare a safe landing zone & establish communication plan with ground team

Determine optimal destination for patient condition

Acclimatized pilots and rescuers with high altitude flying experience are preferable. Avoid using rescuers with a history of
HAPE

Familiarity with high altitude gear, techniques and high altitude illness and cold injury. Annual retraining with adequate
proximity flying and HEC experience above 3500m

All pilots and rescuers should have a personal survival kit that includes clothing protection against the elements, suitable
footwear, first aid kit and medications to prevent and/or treat high altitude illness (acetazolamide, dexamethasone,
nifidepine). Climbing equipment may also be considered to allow for a safe descent if needed. (Table 2)

Determine need for supplemental oxygen for pilot and crew during flight using Table 3.

Recommended for all rescuers exiting helicopter after rapidly ascending to >3500 m and performing physical activity.

On supplemental oxygen: No need to take pharmacologic prophylaxis

No supplemental oxygen: Recommended for rescuers rapidly ascending to >3500m for duration >3 hours

Allow adequate time for rescuer and pilot rest and recovery
Perform a post action review with operational and medical debrief

Train to recognize, prevent and manage occupational stress conditions.







MEDICAL CARE AT VERY HIGH W

ALTITUDE

Roy, Smith, McLaughlin, Zafren, Brugger, Holthof, Lechner

Discussion Points:

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




ETHICAL CONSIDERATIONS OF VERY HIGH ALTITUDE MOUNTAIN RESCUE
- ICAR POSITION PAPER

Ellerton, Paal, Tomazin

Discussion Points:

1. What are the important ethical decisions and |
philosophical considerations that may affect rescuer ‘\ /
safety and patient outcome in rescue at very high o
altitude?




HISTORY OF HELICOPTER RESCUE AT VERY HIGH ALTITUDE

Agazzi, McLaughlin

Help Needed!

We need more contributions for historical
Helicopter Rescues >3500 m

1. First use of helicopter in mountain rescuefis

2. Notable cases

Please contact: gege@orobianet.it
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