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

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?

Target Journal: High Altitude Medicine & Biology

McLaughlin, Paal, Falla, Strapazzon, Luks, Zafren Brugger, Musi, Tomazin, Roy



TERMS OF REFERENCE:

RAPID ASCENT: >300 M/DAY

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

EXTREME ALTITUDE: >5500 m (5000 m)



METHODS

•RCT or Observational studies

•Elevation >3500 m

•Ascent rate >300 m/day



SUPPLEMENTAL OXYGEN



SUPPLEMENTAL OXYGEN
Recommendations
1. 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

2. 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)

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

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



ACETAZOLAMIDE FOR AMS/HACE PROPHYLAXIS

Recommendations
1. 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)

2. Start AZ as soon as notified, ideally the day before ascent. (Strong 
recommendation, moderate-quality evidence)

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

4. Avoid AZ in rescuers with prior anaphylaxis or Stevens-Johnson syndrome 
caused by sulfonamides. (Strong recommendation, low-quality evidence)



DEXAMETHASONE  FOR AMS/HACE PROPHYLAXIS

Recommendations
1. DEX 4 mg every 6 h above 3500 m for > 3 h and immediate deployment is 

required. (Strong recommendation, moderate-quality evidence)

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

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

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



NIFEDIPINE  FOR HAPE PROPHYLAXIS

Recommendations
1. Rescuers with a history of HAPE should avoid rescue missions with 

rapid ascent above 3500 m. (Strong recommendation, low-quality 
evidence)

2. Rescuers with a history of HAPE who must rapidly deploy above 
3500 m for rescue should use NIF 30 mg SR every 12 h or 20 mg SR 
every 8 h. (Strong recommendation, high-quality evidence)

3. Rescuers with a history of HAPE who are unable to take NIF and 
must rapidly deploy to above 3500 m should use Tadalafil 10 mg 
every 12 hours (weak recommendation, low quality evidence)

4. Avoid concurrent use of NIF and PDE-5I (Strong recommendation, high quality 
evidence)



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

ALGORITHM: RAPID ASCENT RESCUE > 3500M



ALGORITHM:
RAPID ASCENT 
RESCUE > 3500M



ALGORITHM: RAPID ASCENT RESCUE > 3500M



ALGORITHM: RAPID ASCENT RESCUE > 3500M



ALGORITHM RAPID ASCENT RESCUE > 3500M



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

Discussion Points:

1. Operational Considerations 

2. Ground Site Considerations

3. Pilot & Rescue Personnel Safety

4. Post Mission Considerations

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

Target Journal: High Altitude Medicine & Biology



OPERATIONAL CONSIDERATIONS

1. Aircraft performance

2. Reducing exposure time

3. Pre-flight risk assessment

4. Meteorological concerns

5. Human external cargo (HEC)

6. “Plan B” ground rescue plan

7. “Contingency Plan” for aircraft grounding

HELICOPTER RESCUE AT VERY HIGH & EXTREME ALTITUDE



•Impact of air density on helicopter performance

•Weight reduction for VHA efficiency

•Fuel management and optimization

•Power reserves for high-altitude flying

•Ideal helicopter attributes for rescue missions

1. AIRCRAFT PERFORMANCE

OPERATIONAL CONSIDERATIONS



•Minimizing flight and exposure time

•Key Operation Decision: solo vs. accompanied pilot

•Human External Cargo (HEC) vs. landing options

•Flight planning: number of flights and personnel per 
flight

•Managing flight duration

OPERATIONAL CONSIDERATIONS

2. REDUCING EXPOSURE TIME



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

•Extra risks of VHA missions must be included.

•Safety of the pilot and rescue team is the first 
priority

•Risk analysis matrix specific for rescue at VHA

OPERATIONAL CONSIDERATIONS

3. PRE-FLIGHT RISK ASSESSMENT

Source: Gerold Biner Air Zermatt



•Challenges of severe weather at VHA

•Increased icing risk in cold and moist 
conditions

•Cabin humidity and windshield freezing issues

•Aircraft heating and de-misting limitations at 
altitude

•Fuel management in extreme cold 
temperatures

OPERATIONAL CONSIDERATIONS

4. METEOROLOGICAL CONCERNS



•Challenges of terrain and weather at VHA for 
helicopter rescues

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

•Optimal tactics for short-haul operations at 
VHA

•Long-Line techniques and balancing safety with 
performance

•Rescuer selection and medical care strategy at 
VHA

OPERATIONAL CONSIDERATIONS

5. HUMAN EXTERNAL CARGO (HEC)



•Importance of alternate rescue options in VHA missions

•Factors leading to aborted air rescues

•Redundancy: Second helicopter and ground rescue 
teams

•Ground rescue as a viable backup in air rescue failures

•Effective communication for combined ground and air 
operations

OPERATIONAL CONSIDERATIONS

6. “PLAN B” GROUND RESCUE PLAN



•Predetermined ground egress route to descend 
safely

•Personal high altitude survival kit (Table 2)

•Second helicopter evacuation option

•Concurrent ground rescue team

•Preparation for an overnight stay with adequate 
equipment

OPERATIONAL CONSIDERATIONS

7. CONTINGENCY PLAN FOR AIRCRAFT 
GROUNDING



HELICOPTER RESCUE AT VERY HIGH & EXTREME ALTITUDE

GROUND SITE CONSIDERATIONS

1. Staging Area preparation

2. Rescue Site preparation

3. Destination determination



HELICOPTER RESCUE AT VERY HIGH & EXTREME ALTITUDE

PILOT & RESCUER SAFETY

1. Acclimatization

2.Training 

3.Personal safety and survival

4. Supplemental oxygen

5. Pharmacologic prophylaxis



HIGH ALTITUDE SURVIVAL KIT FOR AIRCRAFT PERSONNEL



HELICOPTER RESCUE AT VERY HIGH & EXTREME ALTITUDE

PILOT & RESCUER SAFETY

1. Acclimatization

2.Training 

3.Personal safety and survival

4. Supplemental oxygen

5. Pharmacologic prophylaxis



HELICOPTER RESCUE AT VERY HIGH & EXTREME ALTITUDE

POST MISSION 
CONSIDERATIONS

1. Rest & Recovery

2. After Action Review

3.Recognizing Psychological 
Stress



HELICOPTER RESCUE AT VERY HIGH & EXTREME ALTITUDE - RECOMMENDATIONS



Next Steps



MEDICAL CARE AT VERY HIGH 
ALTITUDE

Discussion Points:

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

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

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

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



ETHICAL CONSIDERATIONS OF VERY HIGH ALTITUDE MOUNTAIN RESCUE

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 
altitude?

Ellerton, Paal, Tomazin 

- ICAR POSITION PAPER



HISTORY OF HELICOPTER RESCUE AT VERY HIGH ALTITUDE

Help Needed!

We need more contributions for historical 
Helicopter Rescues >3500 m

1. First use of helicopter in mountain rescue

2. Notable cases 

Agazzi, McLaughlin

Please contact: gege@orobianet.it



Thank you
kyle.mclaughlin@me.com
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