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Acute Mountain Sickness
J. S. Milledge

Readers of the Alpine Journal are probably well aware of acute mountain
sickness from mountaineering literature if not from personal experience. In
recent years there has been increasing interest in the problem because so many
more people are going to high altitude in the great ranges of the world.
Expeditions are proliferating and there has been a veritable explosion in the
numbers of trekking parties, especially in Nepal. The military, especially in India
and China, have an interest in the problem because of their requirement to move
personnel up to their respective high altitude frontiers. In South America and
some other parts of the world, mining and construction companies have a similar
interest. Acute mountain sickness (AMS) can even be a problem for susceptible
individuals in the European Alps and in mainland U.S.A., whilst on McKinley
and Kilimanjaro with ready access to high altitude it is a very common problem.
This increased interest has stimulated quite a lot ofmedical research in the field.

Forms of Acute Mountain Sickness
The mild form ofAMS, sometimes called simple AMS or better, benign AMS, is
well known and occurs in almost half of those undertaking the popular trek to
Everest Base Camp. It consists of some or all of the following symptoms;
headache, nausea, loss of appetite, vomiting, insomnia, poor climbing
performance. As the name implies, the condition is benign and providing the
climber does not increase the stress by climbing to a higher altitude, the condition
is self limiting, usually lasting 2-3 days. However, these symptoms are to be
regarded as a warning sign that further ascent is ill-advised because of the
possible development of one or other of the malignant forms of AMS, i.e.
pulmonary A 1S, affecting the lungs, also known as acute pulmonary oedema of
high altitude, or cerebral AMS affecting the brain, otherwise known as cerebral
oedema ofhigh altitude. One can also get a mixture of these two forms. The onset
ofpulmonary AMS is indicated by the development ofbreathlessness and a rapid
pulse even at rest, cough, dry at first then productive ofwhite frothy sputum and
later, sometimes, of blood tinged sputum. Cerebral AMS is characterised by one
of the following features, unsteadiness of gait, irritability and irrational
behaviour, hallucinations, drowsiness, coma. These forms ofAMS can be lethal
in a few hours and demand urgent treatment (see below).

Incidence of AMS
The incidence ofAMS obviously depends on the rate at which people ascend to
altitude and the height reached, as well as the exact definition of AMS. Hackett
and Rennie found an overall incidence of43% in trekkers reaching the aid post at
Pheriche (4243 m) though a number would have dropped out before reaching this
height. Amongst those who flew into the airstrip at Lukla at 2800 m the incidence
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was higher than amongst those who walked all the way from Kathmandu (49%
versus 31 %). Amongst lowlanders who drive directly from Lima to Cerro de
Pasco (4300 m) there are very few who do not have at least mild symptoms on the
morning after arrival.

1t is also difficult to be precise about the incidence ofmalignant AMS. In their
earlier paper, Hackett and Rennie reported 7 cases of pulmonary and 5 cases of
cerebral forms out of 278 trekkers (of whom 53% had benign AMS) giving an
incidence of2.5% and 1.8% respectively. Menon found an incidence ofO.57% for
acute pulmonary oedema in Indian troops flown to the modest altitude of3500m
and Hultgren and Marticorena ofO.6% in adults coming to La Oroya (3750m) in
Peru. The incidence will be influenced by education of trekkers and there is a
strong impression among workers at Pheriche that, in recent years, there has
been a fall in the incidence of these malignant forms ofAMS as a result ofhealth
education by the Himalayan Rescue Association and others. Trekking companies
are now well aware of the danger of letting their clients go on higher with
symptoms, though private groups, especially it seems from the 'Alpine countries'
of Europe, are still inclined to treat the Himalayan altitudes with scant respect.

Risk Factors
The most important single risk factor is rapid ascent. Given a sufficiently rapid
ascent to a high enough altitude AMS can be induced in almost everyone, whilst
even the poorest acclimatiser can reach at least intermediate altitudes given
enough time. But, within a given ascent profile such as a standard trek, there is a
large individual variation in susceptibility. In general, individuals respond
consistently so that performance on one occasion is a reasonably reliable guide to

future performance with a tendency to acclimatise better on each subsequent trip
to altitude. Cold, 'flu or any chest infection may make a climber more susceptible
to AMS. Gender is not important in the incidence of AMS though since more
men than women tend to go to altitude, more men will get AMS. The young are
probably at greater risk than the old and the risk amongst male children seems
especially high in South America. Beyond these factors, there is an increasing
body ofevidence to suggest that subjects with a low breathing response to oxygen
lack are liable to develop AMS. That is, those who do not increase their breathing
in response to oxygen lack as much as other subjects are the ones more likely to
get AMS. Another response to oxygen lack which varies with individuals is the
reduction in the angiotensin-converting enzyme activity. This is a substance
involved in a hormone system which has to do with regulation ofsalt and water in
the body and also of blood pressure. We have speculated that this might
be protective against AMS and that people with a small response might be
susceptible.

Exercise on arrival at altitude is a feature of many case histories of pulmonary
oedema from the first reported case in the English literature by Charles Houston
in 1960, and the high altitude residents in South America take the precaution of
avoiding any exertion for a few days after coming back to altitude from sea level.
Similar advice is given to Indian troops on arrival at altitude. However,
pulmonary oedema can develop even in the absence ofexercise. As far as benign
AMS is concerned, it is "the impression of mountaineers that activity hastens
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recovery and certainly voluntary hyperventilation helps. There is no evidence
that physical fitness helps in preventing AMS. Indeed, many very fit people get
into difficulties possibly because they are more active and less inclined to slow
down with early mild symptoms.

Mechanisms
What are the mechanisms oLJ\MS? Oxygen lack clearly is the initiating factor but
is not the direct cause of the symptoms, since within a few minutes ofexposure to
actual or simulated altitude, oxygen partial pressure falls throughout the body
but symptoms of AMS are delayed for at least a few hours. This suggests that
oxygen lack initiates some process which requires a time course of6-12 hours
before it, in turn, causes the symptoms.

The most popular suggestion is that oxygen lack causes some alteration offtuid
or electrolyte balance with either water retention and/or shifts of water from
inside to outside the cells of the body. This, in turn, results in the pullY eyes and
ankles often seen in patients with AMS and in mild cerebral oedema - brain
swelling, causing the symptoms of benign AMS. More severe cerebral oedema
causes malignant cerebral AMS and pul~onary oedema causes pulmonary
AMS. Evidence offtuid retention is provided by the observation ofreduced urine
outputs in soldiers with AMS compared with soldiers free of symptoms and by
the finding that trekkers with AMS gained weight, whilst trekkers without AMS
lost weight by the time they reached 4243m. It seems that the 'normal' response
to altitude is a mild increase in urine output whereas subjects destined to get
AMS have a reduction in urine output but this is an area where we badly need
more data. At one time we wondered if the hormone which controls water output
in urine was involved in AMS but Harber et at found no rise in this hormone in
their climbers with AMS, including one case with fatal cerebral oedema and
Hackett et at found a rise only in two cases ofpulmonary oedema but not in benign
AMS. They thought the rise in this hormone was the result, rather than the
cause, ofAMS.

We have shown that at low altitude the sort of exercise associated with
trekking, when started from a semi-sedentary life style, results in marked sodium
retention and expansion of the extracellular fluid volume at the expense of the
intracellular fluid volume. This may result in overt oedema ofthe face and ankles.
We later showed that this was due to activation of the renin-aldosterone hormone
system which regulates salt balance in the body. A review of II studies on the
effect of altitude on renin and aldosterone in the absence ofexercise showed that
aldosterone concentration had been found to fall in all studies but renin activity
may be reduced, unchanged or may rise. When we studied the combined effect of
hill walking type exercise and ascent to altitude, we found very great rises in renin
activity to eight times control levels compared with two to three times control
levels during similar exercise at sea level. However, aldosterone concentrations
were comparable to those found with exercise at sea level and therefore the
aldosterone response to renin appeared to be blunted on going to altitude. This
we attributed to the reduction in angiotensin-converting enzyme (ACE) activity
in turn, the result of oxygen lack. ACE is an enzyme in the renin-aldosterone
system. We speculated that if ACE were not so reduced the combined effects of
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exercise and altitude would result in very high levels of aldosterone and a lot of
salt retention. This would make AMS more likely. We have some evidence, from a
recent laboratory study, that people who are poor acclimatisers may not reduce
their ACE in response to oxygen lack as much as good acclimatisers.

Apart from these mechanisms affecting total body fluid compartments, local
mechanisms are undoubtedly important in producing cerebral and pulmonary
oedema. The cerebral circulation is exquisitely sensitive to changes in oxygen
and Co.,. On going to altitude, oxygen lack will tend to cause increased brain
blood flow whilst low CO

2
will cause a reduction in flow. Subjects with AMS tend

to have lower oxygen levels and higher CO
2

levels in the body than subjects
without symptoms. Possibly their greater cerebral blood flow contributes to their
symptoms and the development ofcerebral oedema.

The mechanisms of acute pulmonalY oedema of high altitude have been the
subject of much debate. The clinical picture is similar to that ofleft heart failure
but although it is hard to rule this out entirely, the evidence from heart catheter
studies is that there is no heart failure. However, in all cases, the pulmonary
artery pressure is greatly increased. At least three different mechanisms have
been suggested for the development of acute pulmonary oedema. They are not
mutually exclusive and include: an increase in capillary permeability as a direct
result of oxygen lack or via chemical mediators whose concentrations are
increased by oxygen lack; a non-uniform vasoconstriction resulting in torrential
flow in less constricted areas leading to oedema in these areas; and the hypothesis
of fluid leakage through arterial walls upstream of the resistance vessels. There is
suggestive evidence for all these possibilities. The last two suggested mechanisms
would explain the highly non-uniform appearance of this form of pulmonary
oedema seen on chest x-rays and at necropsy. It is found that some areas of the
lung are perfectly normal, some have oedema and some are blood filled .

. Finally, in considering mechanisms in both lung and brain the possibility of a
primary derangement in the clotting mechanism resulting in thrombosis must be
considered. In reports of necropsy material, the presence of clots in lung and
brain figure prominently. There have been a few studies comparing AMS
susceptible subjects with those showing more resistance with respect to the
various clotting mechanisms but results have been conflicting.

Prophylaxis
As in all medicine, prevention is better than cure. To avoid AMS the aphorisms
are 'hasten slowly' and 'climb high, sleep low'. The crucial altitude is that at
which the night is spent and a suggested rule of thumb is that, above 3000 m, each
night should be spent not more than 300m above the last, with a rest day, i.e. two
nights at the same altitude, every two or three days. The problem in
recommending any given rate ofascent is that people vary so much, that what is
safe for the majority is unduly cautious for good acclimatisers and will be too
rapid for poor acclimatisers. So in addition to this advice one must add 'If
symptoms ofAMS are felt, go no higher until they improve'.

However, the logistics ofa trekking holiday often demand that, at times, a more
rapid height gain is needed and with the goal of the holiday of a lifetime almost
within reach people are reluctant to be cautious. Also, people who know they are
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poor acclimatisers but wish to enjoy the high mountains without being a drag on
their companions may ask for help to do so. In these situations, it is now justified
to recommend prophylaxis with the drug acetazolamide (Diamox). This drug
has been shown to increase oxygen and decrease CO

2
in the body and to reduce

the incidence ofAMS in a number ofwell conducted double blind trials. The only
side effect reported is of tingling or pins and needles in the hands and feet which
tends to diminish with time but is present in the majority of subjects. The
mechanism for the beneficial effects are thought to be as follows. Acetazolamide is
an inhibitor of the enzyme carbonic anhydrase, thus it interferes with transport of
Co.) out of cells. This results in intracellular acidosis including the cells of the
respiratory centre of the brain. I t also promotes an alkaline urine thus countering
the usual respiratory alkalosis. There is, therefore, stimulation of respiration so
that the newcomer to altitude is, in effect, artificially acclimatized. Oxygen levels
in the body are improved, not only by day, but also when the subject is asleep
when otherwise oxygen lack can be profound during the silent periods of the
periodic breathing commonly encountered at altitude. The dosage of
acetazolamide in these trials has commonly been 2S0mg 8 hourly but a more
convenient and probably adequate regime is one SOOmg slow release tablet each
day. Acetazolamide is also a mild diuretic and its protective effect may be due also
to this fact. I t has been claimed that frusemide (Lasix) is an effective prophylactic
but the evidence is not so good as for acetazolamide and the more powerful
diuretic carries the theoretical objection that it may cause concentration of the
blood making clotting episodes more likely.

Treatment
Little active treatment is needed for benign AMS. Paracetamol may help the
headache as will voluntary hyperventilation. Sedatives are best avoided since
their respiratory depressant effect will make the oxygen lack worse during sleep
and their effect may be enhanced by reduced metabolism. If people insist on
'something to help them sleep' short acting hypnotics, such as Temazepam, are
preferable and should be used at the lowest dosage, but I repeat sedatives are best
avoided.

The treatment of the malignant forms ofAMS on the other hand is urgent and
vital. Evacuation of the patient to a lower altitude is the single most important
measure. Descent by even 300- 500m can have a dramatic effect. Whilst awaiting
evacuation, other measures which help include oxygen administration, in as high
a concentration as compatible with supplies, and diuretics. Frusemide (Lasix) or
bumetanide (Burinex) in sufficient dosage to produce a diuresis should be used
and this may mean very large doses. In pulmonary oedema, morphia has been
reported to be successful though one is naturally cautious in its use because of its
depressant effect on respiration. The role of digoxin is also unclear; again,
uncontrolled observations credit it with being useful but it is stressed that descent
to lower altitude must not be delayed whilst these measures are tried.

Usually even malignant AMS responds rapidly to treatment but not
invariably. Pulmonary oedema may progress to adult respiratory distress
syndrome and the rarer cerebral oedema seems more often to be refractory to
treatment asJohn Dickinson - a physician in Kathmandu - has reported. The
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lesson from his work and others is obvious. Heroic 'pressing on' in the face of
symptoms of AMS is very foolish. Himalayan and Andean altitudes must be
treated with respect. If this is observed the great mountains can be enjoyed by
mountaineers of all standards providing they keep within their own limitations.

Summary advice
I. Acute mountain sickness is best avoided by a gradual gain in altitude. Over
3000m camps should not be more than 300m higher than the previous night stop
with rest days - no altitude gain every 2-3 days.
2. People vary in their susceptibility to AMS. This has nothing to do with 'moral
fibre', 'virility' or 'machismo'. Symptoms are a warning sign and should be
heeded. Do not go higher with symptoms.
3. Symptoms of malignant AMS include breathlessness and rapid pulse at rest,
cough with frothy white (or blood tinged) sputum, sounds (crackles) at the lung
bases, unsteadiness in walking, irritability and irrational behaviour, halluci
nations, drowsiness, coma. If these develop, descent as soon as possible is essential.

footnote This article is modified from a more technical review that appeared in
Thorax Vol. 38, p.641, 1983 to which the reader is referred for references to
research work quoted.
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