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Scope
1. These guidelines have been compiled to provide leaders and expedition doctors of Adventurous Training 
(AT) expeditions with outline advice on the conduct of activities at altitude.  The detail contained herein is not 
exhaustive nor is it definitive as it does not provide the answer to every altitude related situation.  It seeks to outline 
the essential information necessary for those planning expeditions, particularly first time leaders, on acclimatisation 
and prevention and treatment of the medical conditions caused by exposure to altitude.  Although it focuses on 
mountaineering many of the recognised principles will have a direct relevance to other AT activities operating in 
similar environments.

2. Specific medications and their dosages are not discussed here, only the principles of treatment. Drug 
treatment regimes are detailed in many reference texts, but leaders and expedition medical officers should plan 
their own treatment regimes in consultation with a doctor who has experience in managing altitude illness.  These 
guidelines do not include specific information on heat or cold injuries.  Although both subjects are closely associated 
with the altitude environment the information is contained in a separate JSP on Climatic Injuries: Prevention and 
Treatment.

Introduction
3. There are no specific factors such as age, gender or physical condition that correlate with susceptibility to 
altitude sickness.  Most personnel can ascend to 2500m with minimal effect.  However those ascending to high 
altitude for the first time should do so cautiously, adhering to recognised guidelines for ascent.
 
Definition of High Altitude
4. High altitude   2500 - 3500 metres
 Very High altitude   3500 - 5800 metres
 Extremely High altitude  beyond 5800 metres

Barometric Pressure, Partial Pressure of Oxygen and Altitude
5. At increasing altitude above sea level, barometric pressure decreases and with it the partial pressure of 
oxygen falls.  The human body requires molecules or ‘packets’ of oxygen as its most basic fuel to sustain life.  The 
term ‘partial pressure’ refers to the number of oxygen molecules contained within a given volume - say a litre - of air 
at a particular altitude.  Remember that air contains oxygen, carbon dioxide, nitrogen and other gases, and that the 
proportion of oxygen compared to the other gases is 21%.  At increasing altitude as the partial pressure of oxygen 
falls, the proportion of oxygen compared to the other gases remains at 21%, but the total number of molecules of 
oxygen available as fuel within a litre of air drops dramatically.  At the summit of Mont Blanc (4810m) the partial 
pressure of oxygen is about half of that at sea level, and at the summit of Everest (8848m) it is one third of sea level 
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pressure.  This relative lack of oxygen is referred to as hypoxia.  For climbers and trekkers venturing above 2500m, 
this hypoxia may cause illness that is potentially life threatening.

Acclimatisation
6. Acclimatisation is the process by which people adjust to altitude hypoxia.  The body makes a series of 
adjustments that increase the delivery of the available oxygen to cells, and increase the efficiency by which 
that oxygen is used.  This process occurs over a period of hours to months.  The most important component of 
acclimatisation is an increased rate and depth of breathing.  Other changes in body chemistry, numbers of red blood 
cells and oxygen-carrying haemoglobin occur more slowly.

7. Some people acclimatise rapidly, whilst others develop Acute Mountain Sickness and require longer periods 
of time to fully acclimatise.  Virtually everybody should be able to acclimatise - it is a matter of allowing sufficient 
time.  Additionally, if someone has been a slow acclimatiser on one journey, then it should be expected that the 
same pattern would repeat on subsequent trips.  Initially people may experience malaise, light-headedness, and 
loss of appetite, nausea and headache.  Exercise performance will drop off and sleep will be disturbed. 

8. Successful acclimatisation has occurred when these symptoms related to altitude hypoxia disappear, and 
sleep becomes more settled.  Ascent to a higher altitude will require further acclimatisation, and on descent to low 
altitude the beneficial effects will last no longer than about eight days.

9. Adults can fully acclimatise to about 5000 - 5800m.  Above this there is a trade off between adjustment to 
altitude and deterioration due to prolonged hypoxia.  Above 8000m, no acclimatisation occurs at all and a prolonged 
stay at that altitude is incompatible with life. 

10. Expedition leaders and expedition doctors must understand the necessity for adequate acclimatisation in 
order to minimise the occurrence of altitude illness.

High Altitude Illness
11. ‘Altitude illness’ describes those conditions directly caused by altitude hypoxia.  The three conditions are 
Acute Mountain Sickness (AMS), High Altitude Cerebral Oedema (HACE) and High Altitude Pulmonary Oedema 
(HAPE).  Acute Mountain Sickness and High Altitude Cerebral Oedema are now considered to represent either end 
of the spectrum of the same disease.  Note that the initials HACE and HAPE derive from the American spelling of 
‘edema’, but they are the internationally accepted abbreviations for these conditions.

12. Acute Mountain Sickness (AMS). Rapid ascent to altitudes above 2500m will frequently cause AMS.  AMS 
is a syndrome - a collection of symptoms that appear 6 - 12 hours after ascent, and usually resolve within three 
days if further ascent does not occur.  It is very common - one study has shown that 84% of people flying directly 
to 3860m (the Hotel Everest View in the Nepal Khumbu) will develop AMS.  Studies in the European Alps vary, but 
have shown an incidence of 53% at 4559m (the Margherita refuge on Monte Rosa).  The most important risk factors 
for developing AMS are the altitude gained and the rate of ascent.  The sleeping altitude is particularly important.  
Some individuals are especially susceptible to AMS, and these people should ascend at a slower rate. 

13. Symptoms.  The presence of a headache and at least one of the following symptoms - loss of appetite, 
nausea, vomiting, fatigue, weakness, dizziness, light-headedness or sleep disturbance.  There are few if any 
physical signs to be found in a patient with AMS.  Sleep disturbance means difficulty in starting to sleep, frequent 
wakening or periodic breathing (see below).  Headache is throbbing, worse at night and early in the morning.  The 
typical AMS sufferer has a headache, is off his or her food, and has difficulty sleeping.

 Summary of symptoms: Headache plus at least one of the following
     Nausea
     Vomiting
     Fatigue
     Loss of appetite
     Dizziness
     Sleep disturbance

14. Periodic Breathing.  This is a breathing pattern that begins with a few rapid shallow breaths, but progresses 
to deep sighing breaths which may fall off rapidly.  Breathing may cease momentarily and then the pattern 
commences over again.  Frequent waking with a sensation of suffocation may be experienced.  This usually settles 
with successful acclimatisation, but the drugs used in the treatment of AMS will reduce periodic breathing and 
promote restful sleep.
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15. Treatment.  Symptoms of AMS usually disappear within three days if further ascent does not occur, and 
descent to low altitude rapidly reverses AMS.  It should be emphasised that AMS is a mild altitude illness and is 
more of a nuisance in that it delays progression towards the objective of the expedition.  The major concern in 
identifying AMS is that it might progress to life threatening HACE or HAPE.

 Principles of treatment:

1. Stop further ascent.
2. Descend if there is no improvement or if the condition worsens.
3. Descend immediately if there are symptoms or signs of cerebral or pulmonary oedema.

When symptoms are mild, aspirin, ibuprofen or paracetamol may relieve headache and antiemetics (drugs that 
reduce nausea and vomiting) may be useful in addition to rest.  If symptoms worsen then descent becomes 
necessary.  Oxygen and drugs may be required, and treatment in a portable hyperbaric chamber may facilitate 
descent.

The patient with AMS should never be left alone as the condition may progress to HACE or HAPE, and descent 
should be to an altitude lower than that where the symptoms began. 

High Altitude Cerebral Oedema (HACE)
16. HACE is rare but life threatening.  HACE and AMS are opposite ends of the same spectrum, and AMS usually 
precedes HACE.  HACE is the end-stage of AMS.  It is unusual below 3500m, but has occurred as low as 2500m.  
There is an accumulation of fluid in and around the substance of the brain.  Pressure within the skull or cranium 
increases and when death occurs it is due to an unrelieved compressive effect upon the brain. 

17. Signs and symptoms.  Often the earliest sign to appear is Ataxia.  This is a lack of co-ordinated movement, 
or clumsiness, and can easily be demonstrated by asking the victim to try to walk heel-to-toe in a straight line.  As 
the condition progresses, so the victim may not even be able to walk at all, and will fall to one side or the other in 
an uncoordinated fashion when asked to sit upright.  The classic HACE victim becomes confused, disorientated, 
irrational, unusually quiet or noisy, clumsy with their hands and unsteady on their feet (Ataxia) and begins to 
hallucinate.  They become sleepy and lethargic before slipping into coma.  Death follows without urgent intervention.  
If treated successfully, it should be noted that ataxia may persist for some days afterwards before the person returns 
entirely to normal.  High altitude pulmonary oedema (HAPE) may occur concurrently with HACE, and should be 
treated if present.

Summary of symptoms and signs: Usually proceeded by AMS
     Ataxia
     Behaviour change
     Hallucination
     Disorientation
     Confusion
     Decreased consciousness
     Coma

18. Treatment.  Descent should occur immediately or death is a likely consequence.  Oxygen and the appropriate 
drug (dexamethasone) should be administered.  A portable hyperbaric chamber may produce sufficient temporary 
improvement such that a victim may descend unaided; nevertheless descent under escort must proceed.  When 
descent cannot proceed immediately either due to weather, terrain or other safety constraints, or due to the condition 
of the patient, then oxygen and drugs must be administered regularly, and prolonged hyperbaric treatment must 
continue.  Once the patient has been successfully treated and evacuated to a lower altitude, review by a medical 
practitioner as early as possible is mandatory.

High Altitude Pulmonary Oedema (HAPE)
19. HAPE is the leakage of fluid into and around the substance of the lungs.  The lungs become engorged and 
soggy and the effective exchange of oxygen from the air that we breathe into the bloodstream is compromised.  
This ‘leakiness’ in and around the lungs is caused primarily through hypoxia again, but cold and exercise make the 
condition worse in susceptible individuals.  Death occurs when the lungs are unable to extract sufficient oxygen 
from the air that we breathe to sustain essential vital functions such as brain activity.  HAPE is usually provoked 
by very rapid ascent to high altitude.  In one study, 10% of climbers ascending very rapidly (e.g. by helicopter) to 
4500m developed HAPE.  With usual ascent profiles only 1 - 2% of climbers would be expected to develop HAPE 
in ascending to the same altitude.  Of concern is the fact that climbers at extreme high altitude frequently develop 
HAPE after they have acclimatised to 5500m, but then make rapid ascents to 7000m or more.
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20. Signs and Symptoms.  HAPE may be preceded by AMS, but frequently occurs in isolation.  Shortness of 
breath on exertion and reduced exercise tolerance occur, which are greater than that expected for the altitude or 
worse than that of the victim’s expedition peers.  This progresses to shortness of breath at rest, worse at night.  
Cough is common at high altitude, but in HAPE it is first dry and annoying, becoming bubbly and wet with sputum 
which may be bloodstained.  Heart rate and rate of breathing rise disproportionately at rest and it is possible to hear 
crackles in the lung fields with a stethoscope.  There may be a mild fever too (commonly less than 38.5°C), and for 
this reason it may be difficult to distinguish HAPE from pneumonia (infection of the lungs) at first.

 Summary of symptoms and signs: May be preceded by AMS      
    Shortness of breath
      Reduced exercise tolerance
      Dry, hacking cough
      Wet sputum which may become bloodstained
      Crackles are heard in the lungs with a stethoscope
      The lips and nail beds take on a bluish tinge (cyanosis)

21. Early recognition and treatment of HAPE saves lives.  Oxygen must be given immediately if available, and 
descent commenced.  Exertion exacerbates HAPE and must be minimised - the patient will need to be assisted and 
carried preferably in the sitting or upright position.  Cold exacerbates HAPE and so the victim must be kept warm.  
The portable hyperbaric chamber may produce a temporary improvement, but its use must be followed by descent.  
There is a drug (nifedipine) available which has been successfully used to treat HAPE, but again this is only a 
'lifeboat' or temporising measure and descent must occur concurrently.  When descent is not possible immediately 
for reasons of safety, then regular drug therapy and prolonged hyperbaric treatment must continue until descent 
can proceed.  Re-ascent may subsequently be possible for the patient who has been successfully treated, but 
review by a medical practitioner is mandatory. 
 
Activity at Extreme Altitudes
22. Despite being fully acclimatised, prolonged exposure to heights above 7000m in excess of 3 - 4 days should 
be avoided as the physical and psychological stress becomes greatly exacerbated.  Typical features include 
progressive weight loss, worsening appetite, poor sleep and increasing apathy.  Minor ailments such as a viral sore 
throat or chest infection that would simply be inconvenient at lower elevations, become more significant at extreme 
altitude and contribute to the overall malaise of the individual.  For those expeditions going to extreme altitude, the 
base camp must be sited at or below 5000m when possible, so that proper recovery can take place between sorties 
to higher elevations.

Prevention of Altitude Illness
23. Altitude illness is best prevented by the adoption of a sensible and controlled ascent profile that allows 
expedition members to acclimatise. 

24. Various drugs have been used to try to accelerate the process of acclimatisation, or to minimise the symptoms 
of AMS.  The most effective and widely studied of these drugs is acetazolamide (marketed under the trade name 
DIAMOX®). 

25. Ascent Profiles and Acclimatisation.  It is possible to fly or drive to altitudes in excess of 3000m at the 
beginning of an expedition.  The risk of provoking life threatening altitude illness is high and subsequent rapid 
descent may not be immediately possible.  Where possible this rapid ascent should be avoided.  When the decision 
is made to fly or drive to high elevations such as the Tibetan plateau, or areas within the Chilean or Peruvian 
Andes, then exercise and exertion should be kept to an absolute minimum over the subsequent days after arrival 
at altitude, whilst acclimatisation proceeds. 

 Key points in choosing an ascent profile:

a. ‘Climb high - sleep low’.  Above 3000m, try to site each camp at an elevation no more than 300m 
above the previous night’s camp.

b. An ascent rate of 400 to 600m per day will be acceptable for most people.

c. Take a rest day after every 1000m of overall ascent, or every third day.

d. Further ascent should not proceed in individuals who are experiencing symptoms of AMS.  These 
individuals must be supervised by a companion, and not left alone.
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e. Those with symptoms of AMS should consider descent as life threatening illness may supervene 
(HACE, HAPE).

f. In planning an ascent profile, allow enough time so that all members of the party can acclimatise at 
their own pace.

g. Remain well hydrated with water.

h. Avoid excess alcohol and drugs with a depressant action (e.g. antihistamines or cough medication), 
as breathing will be suppressed during sleep, inhibiting the acclimatisation process.

26. Preventive Medication.  The use of drugs to prevent the onset of an illness is referred to as Prophylaxis.  
Various drugs have been investigated for the prophylaxis of AMS, but the one has the most evidence to support its 
use is acetazolamide (DIAMOX®).  This drug works through adjusting the body’s internal chemistry so that the rate 
of breathing is stimulated to increase.  Oxygenation is improved during sleep, and so the level of oxygen within the 
blood is maintained at an adequate level.  Acetazolamide does have some side effects, but these are of nuisance 
value rather than potentially harmful.  The side effects include an increased need to pass water; tingling in the 
fingers and toes, and making carbonated drinks taste flat.
 
The use of prophylactic acetazolamide should be considered in the following circumstances:

a. When the ascent profile is likely to provoke altitude illness through forced rapid ascent, e.g. flying or 
driving to very high elevations due to time or logistical constraints, or when rescue is initiated and personnel 
have to climb high very quickly.

b. In those personnel who have a proven susceptibility to AMS through previous expedition experience 
at high altitude.

27. Expedition leaders should consult with a doctor who has experience in expedition medicine, and in managing 
altitude illness, when drawing up their plans for equipment, treatment regimes and emergency evacuation.  Those 
expedition medical officers without prior experience in expedition medicine and altitude illness are advised 
likewise. 

28. The international transport of drugs is closely monitored and the following recommendations will avoid 
complications at the entry point to foreign countries:

a. Keep a detailed record of all drugs contained in your medical kit.  Divide them into those that are 
categorised as controlled drugs and others.

b. Keep a separate list of any controlled drugs, which you are strongly advised should be carried in your 
personal baggage.

c. Obtain a licence from the Home Office by writing to - The Licensing Department (Drugs), Room 230, 
Home Office, Queen Anne’s Gate, Petty France, London, SW1H 9AT. 

Drug Supply
29. There are two mechanisms by which the drugs necessary for the management of altitude illness can be 
supplied to expedition personnel.  This includes acetazolamide and the other drugs such as dexamethasone or 
nifedipine which would be used to treat HACE or HAPE respectively.

a. Expeditions That Include A Medical Officer.  The drugs are issued and prescribed in the usual way.

b. Expeditions Not Including A Medical Officer.  The drugs may be prescribed by a medical officer and 
issued prior to departure.  When drugs are prescribed in this way, each team member must receive a briefing 
and an individual supply of the drug.  Communal supplies of medication are neither legal nor appropriate.  It 
is recommended that a patient information sheet in the form of a flow-chart aide memoire be issued to each 
individual to guide their use of such medication either when it is being used prophylactically (as in the case 
of acetazolamide) or for treatment (as in the case of acetazolamide, dexamethasone or nifedipine).

The Oral Contraceptive Pill (OCP)
30. As part of the acclimatisation response to altitude hypoxia, the body produces more red blood cells.  The 
blood becomes more viscous or concentrated and this may increase the risk of blood clots forming spontaneously 
and abnormally in parts of the body such as in the deep veins of the legs, in the lungs or in the blood vessels of 
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the brain.  This process is called thrombosis.  Some women have an increased risk of thrombosis due to certain 
factors, which include a previous episode of thrombosis, a close family member who has suffered thrombosis or 
smoking.  Such women should not use the so-called combined oral contraceptive at altitude (nor at sea level either) 
because of the increased risk of thrombosis.  Healthy women with no risk factors should not use the combined oral 
contraceptive at all if they intend to spend greater than one week at altitudes in excess of 4500m.  Those women 
travelling to altitudes lower than 4500m or spending only a brief time above 4500m, should take the opportunity 
to discuss the relative risks of continuing to take the oral contraceptive with a doctor who has experience of travel 
or expedition medicine.  Women requiring contraception should be fully advised of the alternative methods of 
contraception that are available to them.

Hyperbaric Therapy and The Portable Hyperbaric Chamber (PHC)
31. Portable Hyperbaric Chambers (PHCs) have been in use since the late 1980’s, and have acquired the 
generic name ‘Gamow’ bag after the physiologist Igor Gamow who designed the first commercially available model.  
Currently there are three models available: the Gamow bag, the CERTEC bag and the Portable Altitude Chamber 
(PAC).  The apparatus consist of a conical or cylindrical fabric bag that is capable of being pressurised by a hand 
or foot driven pump.  The patient is placed inside the bag lying flat.  Each kit is lightweight and robust and weighs 
around 7kg in total.

32. The patient is zipped within the bag and pump strokes are made continuously to maintain the internal pressure 
at between 105 and 165 mmHg depending upon the model of bag.  The air around the patient is thus pressurised 
to a higher level that the ambient air at that altitude and so the partial pressure of oxygen increases meaning 
that more molecules of oxygen are available to the patient.  In this way the PHC simulates descent.  Continuous 
pumping is required to maintain the internal pressure and to prevent the build up of expired carbon dioxide.  Used 
correctly at 6000m, the apparent altitude within the bag can be reduced to between 3500 and 3000m.  Because of 
this, dramatic improvement can be produced in a patient with AMS, HACE or HAPE.

33. One to two hours’ treatment is required to cause sufficient clinical improvement for a patient to be able to 
descend more easily.  Nevertheless, they must still descend as soon as practically possible. The benefit is short-
lived outside of the bag, and will last no longer than 10 hours.  When descent is not possible the hyperbaric therapy 
should be repeated at intervals of no less than five hours.

34. Irrespective of the benefit from hyperbaric therapy, any patient who has been sick enough to require this 
form of treatment must descend as soon as practicable to an altitude below which the symptoms first began, and 
re-ascent must only take place after consultation with a medical practitioner.

High Altitude Risk Assessments
35. In accordance with JSP 375 Leaflet 11 and single-Service AT regulations, any training or exercise that 
involves an inherent risk requires the expedition leader to complete a written risk assessment.  In order that the 
risk assessment includes the essential aspects related to altitude the following recommendations are listed for 
inclusion:

a. Assess the degree of risk associated with the planned daily itinerary.  Controlled acclimatisation is 
necessary to minimise the effects of altitude.  This is achieved by a gradual height gain spread over a 
number of days.  It is, therefore, essential that the expedition itinerary provides details of the acclimatisation 
programme.

b. Ensure that the activity is suitably supervised and that personnel re-hydrate properly.  When proceeding 
above 3000m personnel are advised to sleep at an altitude no higher than 300m above the previous day’s 
altitude and ideally descend to sleep (climb high - sleep low).  It is, therefore, necessary to indicate proposed 
overnight camp altitudes.  Additionally, it is recommended that a rest day be taken every three days.

c. Ensure that all personnel are adequately briefed on acclimatisation and altitude illnesses.

d. Ensure that each individual is adequately trained in first aid.

e. Ensure that the expedition plan indicates a clear and effective evacuation strategy that includes a list 
of medical facilities and/or hospitals, means of communication, rescue facilities (helicopters) and nearest 
road head if self extraction is the only means of evacuation.

Summary
36. Altitude illness is a recognised hazard of military training.  Personnel, regardless of physical condition, age 
and gender, are likely to suffer mild symptoms of AMS on ascent to altitudes of 2500m and above.  However, it 
is the leader’s responsibility both during training and on expedition to ensure that personnel are empowered with 
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sufficient knowledge to recognise the onset of altitude illness amongst themselves.  Early recognition and treatment 
of AMS may prevent progression to life threatening HACE or HAPE.  Retrospective analysis of serious altitude 
illness cases have frequently identified inadequate planning, leadership and poor judgement compounded by a lack 
of knowledge which may be deemed to be the primary contributing factors for serious cases of altitude illnesses 
requiring emergency evacuation.  Expedition leaders are advised to seek expert advice from all available sources 
so that activities being conducted at high altitude are both well planned and researched prior to Service personnel 
being exposed to a high altitude environment.  Land Accident Investigation Team (LAIT) Reports have highlighted 
a number of expedition areas of concern including Mt Kenya, Mt McKinley and the trekking peaks of Nepal.  
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