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WHAT HAPPENS AT ALTITUDE?

Ø Lower atmospheric pressure = Lower PO2

Ø Less Oxygen – NO!

• Less oxygen gets into lungs and blood
• Haemoglobin becomes less saturated with oxygen
• Lower saturation is known as hypoxia 

Hypoxia versus Hypoxemia?

Oxygen deficiency in 
blood

Inadequate oxygen 
to body region



WHAT ARE THE DIFFERENT TYPES OF ALTITUDE?

Low ambient 
pressure

Low oxygen 
content



HOW DO WE MEASURE INDIVIDUALS AT ALTITUDE?

Severity Altitude
(m)

Oxygen
(%)

Air 
Pressure
(mmHg)

PO2
(mmHg)

Oxygen 
Saturation 

(%)

0 20.93 760 159 97

1000 20.93 680 142 96

Moderate 2000 20.93 600 125 94

High 3000 20.93 523 109 90

Very High 4000 20.93 450 94 80

Extreme 8848 
(Everest) 20.93 255 53 40



Altitude can be categorised according to varying heights of above 
1500m:

Ø Moderate altitude: 1500 - 2500m 
Ø SaO2 > 90% (AMS) 

Ø High altitude: 2500 - 3500m
Ø SaO2 < 90% (AMS) 

Ø Very high altitude: 3500 - 5800m
Ø SaO2 < 85% (AMS+) 

Ø Extreme altitude: 5800m + 
Ø Everest Summit = 8850m
Ø Unconscious within 30s

HOW DO WE DEFINE ALTITUDE?



Human Performance –
Mexico City 1968

Clinical Applications –
Caudwell Xtreme Everest 
Expedition

Human Physiology –
Prediction, Adaptations & 
Illnesses

WHY STUDY ALTITUDE?

Para-Monte: Study Individual responses 
to Altitude Exposure



AMS

HAPE

HACE

DEATH ZONE

HYPOXIC 
RESPONSE

Altitude (m)

1500

2500

5000

6000

8000

Hypoxic Research

Too Dangerous / Unethical

Acute response is too small to record

Altitude Illnesses

Altitude Training (~2,200 m)

Minor Altitude Illnesses: Snow blindness, high altitude cough, peripheral 
oedema, retinal haemorrhage, Cheyne Stokes Periodic Breathing, high 
altitude syncope, flatulence, anxiety



ACUTE MOUNTAIN SICKNESS (AMS)

Dr Howard Donner



• Generally occurs above 2,500m
• Limited understanding of mechanisms behind AMS and individual responses
• Occurrence of AMS is dependent upon the elevation, the rate of ascent, 

dehydration and individual susceptibility 
• Symptoms (occur 1-24 hours after arrival, typically resolve 24-48 hours)

- Headache
- +
- Nausea & Vomiting
- Dizziness
- Loss of Appetite

Shortness of Breath
Disturbed Sleep
Fatigue

ACUTE MOUNTAIN SICKNESS (AMS)

Symptoms of Dehydration and AMS 
can be confused



• 25% in travelers at 2975 m                 68% in travelers at 5671 m
• 43-63% - Himalayas 9-69% Alps
• Younger trekkers more susceptible to AMS

Honigman et al (1993) Hackett et al (1976)

WHAT IS THE PREVALENCE OF AMS?

16-19 year olds
(45%)

Adults 
(25%)

6-48 months: 100%
13-18 years : 50%
>18 years : 27%

4,400m1,920-3,000m

Age is a determinant of the incidence for 
experiencing AMS reinforcing the need 

for EDUCATION



DIAGNOSING ACUTE MOUNTAIN SICKNESS (AMS)

LLQ on Para-Monte website -



Arrival to Advertisements on Altitude Sickness



CAN WE PREDICT WHO WILL RESPOND TO ALTITUDE?

“There is unfortunately no way of 
predicting whom AMS will 

seriously trouble and who will escape it.” 
(BMC web site) 

RESPONDERS 
VS. 

NON-RESPONDERS

CHAPMAN ET AL (1998)



CAN WE PREDICT WHO WILL RESPOND TO ALTITUDE?

Erythropoeisis
& 

EPO sensitivity

Hypoxic 
Ventilatory 
Response

SaO2 Anaemia

Antioxidants

Gender

Hypoxemia

Previous 
AMS episode

Ascent Rate

Respiratory 
Condition 

(e.g. asthma)

Poor Fitness

Age

20-30 min after exposure to simulated hypoxia 
equivalent to 2,300-4,200 m, seem to be the most useful 
predictors of AMS susceptibility (Burtscher et al., 2008) 



WHAT HAVE WE DONE IN THE PAST?

• 24 students + 5 staff to Peru
• Education talks
• Resource Packs and Presentations



Screening for hypoxic tolerance and AMS susceptibility 
using a 6 minute walk test

The 6MWT is a simple, time-efficient tool for predicting physiological 
responses to simulated and actual altitude, which are comparable. The 6MWT 

is effective at monitoring elements of acclimatization to moderate altitude. 



Tolerant?

CAN PERFORMANCE PROFILE SCREENING BE USED AHEAD OF 
ASCENT TO ALTITUDE? 



CAN PERFORMANCE PROFILE SCREENING BE USED AHEAD OF 
ASCENT TO ALTITUDE? 

Intolerant?



OUTCOME OF RESEARCH STUDY

Within Environmental Physiology 3rd year module (HB627) with 30+ students and 
over a summer studentship

• Highlight an individual’s susceptibility to AMS prior to travelling to altitude
• Individual information for trek, holiday and expedition
•  educational awareness of signs/symptoms and what to do
• Published research article
• Awareness of Para-Monte and use of tools such as LLQ/App/Website



PROPOSED PLAN

Launch Day

Educational 
Seminars

Research Project 
and summer 
studentship

New equipment to 
help with screening 
and predicting AMS

School / College 
Talks

Raising Awareness 
of Para-Monte

Research 
Dissemination 
Open Session 

Impact of 
PartnershipMarketing Material



SO FAR……

40+ students from BHASVIC learn about Altitude Illness & Investigate their 
own individual responses



THANK YOU

Lab demonstration, App Launch, speeches and bubbles….. 


