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Efficacy and harm of pharmacological prevention of acute
mountain sickness: quantitative systematic review

Lionel Dumont, Chahé Mardirosoff, Martin R Tramer

Abstract

Objective To quantify efficacy and harm of
pharmacological prevention of acute mountain
sickness.

Data sources Systematic search (Medline, Embase,
Cochrane Library, internet, bibliographies, authors) in
any language, up to October 1999.

Study selection Randomised placebo controlled
trials.

Data extraction Dichotomous data on efficacy and
harm from 33 trials (523 subjects received 13 different
interventions, 519 a placebo).

Data synthesis At above 4000 m the mean incidence
of acute mountain sickness with placebo was 67%
(range 25% to 100%); incidence depended on the rate
of ascent, but not on the altitude or the mode of
ascent. Across all ascent rates, dexamethasone

8-16 mg prevented acute mountain sickness (relative
risk 2.50 (95% confidence interval 1.71 to 3.66);
number needed to treat (NNT) 2.8 (2.0 to 4.6)),
without evidence of dose responsiveness.
Acetazolamide 750 mg was also efficacious (2.18 (1.52
to 3.15); NNT 2.9 (2.0 to 5.2)), but 500 mg was not. In
two trials, adverse reaction (including depression)
occurred after dexamethasone was stopped abruptly
(4.45 (1.08 to 18); NNT 3.7 (2.5 to 6.9)). With
acetazolamide, paraesthesia (4.02 (1.71 to 9.43); NNT
3.0 (2.0 to 6.0)) and polyuria (4.24 (1.92 to 9.37); NNT
3.6 (2.5 to 6.2)) were reported. Data were sparse on
nifedipine, frusemide (furosemide),
dihydroxyaluminium-sodium, spironolactone,
phenytoin, codeine, phenformin, antidiuretic
hormone, and ginkgo biloba.

Conclusions At above 4000 m, with a high ascent
rate, fewer than three subjects need to be treated with
prophylactic dexamethasone 8-16 mg or
acetazolamide 750 mg for one subject not to
experience acute mountain sickness who would have
done so had they all received a placebo.
Acetazolamide 500 mg does not work.

Introduction

Every year thousands of people who live at low
altitudes climb or work in high altitude areas. Many of
them experience acute mountain sickness. The most
common symptoms (headache, loss of appetite,
nausea, fatigue, dizziness, and insomnia) usually appear
within the first three days of arrival at high altitude."”
Acute mountain sickness is not only uncomfort-
able; it is also partly responsible for an increased mor-
tality at high altitude. Many drugs have been used to try
to prevent or alleviate symptoms of the sickness. The
US Food and Drug Administration has proposed
acetazolamide in susceptible subjects, or when the
rules of acclimatisation cannot be respected.’ The most
widely recommended dose is 500 mg’°® Others
have questioned the efficacy of acetazolamide.”®
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Dexamethasone has been recommended when there
are contraindications for acetazolamide.’

We aimed to quantify the efficacy and harm of
drugs that are currently used to prevent acute
mountain sickness.

Methods

Inclusion criteria

We included full reports of randomised comparisons
of any pharmacological intervention that is thought to
decrease the risk of acute mountain sickness with a
placebo (that is, intervention versus a control). Trials
had to report relevant end points in dichotomous
form.

Systematic search

We searched systematically in Medline (last search 15
October 1999), Embase (9 November 1998), the
Cochrane Library (issue 1, 1999), and the high altitude
bibliography website (http://libwww.aoc.nrao.edu/
aoclib/highalthtml, 15 October 1999) using the
following search terms as MeSH headings and text

» «

words: “acute mountain sickness,” “altitude,” “preven-
tion,” “prophylaxis,” “acetazolamide,” “dexamethasone,”
and “random.” We checked bibliographies of retrieved
reports and review articles.” We did not consider data

from abstracts or letters.

Extraction of data

The primary end point of interest was complete
prevention of acute mountain sickness according to
the original authors’ definition. Other end points of
interest were prevention of headache, nausea, insom-
nia, and dizziness. If several measurements had been
conducted at different time points, we extracted the
worst result for both intervention and control. Data on
adverse drug reactions were extracted when they were
reported in dichotomous form.

Critical appraisal

Retrieved reports were checked for inclusion by one
author (LD). Potentially relevant reports were then
read by all authors independently and assessed using
the validated three item, five point Oxford score." The
authors met to agree a consensus.

Quantitative analysis

Relative risks were calculated with 95% confidence
intervals."" A fixed effect model was used to combine
data (all data were homogenous).” As an estimate of
the absolute effort required for one subject to profit
from prophylaxis compared with placebo (for harm,
for one subject to show an adverse effect), we calculated
the number needed to treat (NNT) with 95%
confidence interval."” **
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Results

Excluded and included trials

We retrieved 52 randomised trials; 19 were subse-
quently excluded. Seventeen had no dichotomous data
of relevant end points (data from one of those" were
published in two subsequent full reports' 7). Of those

that did report dichotomous data, two™ were

published twice® *'; original data only were ana-
lysed.” " We contacted 30 authors by letter; five
responded. No additional relevant data were retrieved.

We analysed 33 trials, published in 31 full reports
from 1965 to 1998." * ¥ * Data extracted from these
trials are available at wwwhcuge.ch/anesthesie/anglais/
research/ammtrials.htm.

The mean trial size was 15 (range 4-38) subjects per
group; 523 subjects received one of 13 interventions,
519 a placebo. The mean final altitude was 4432 (2050-
5895) metres, and the mean exposure time was 90 (12-
240) hours. The median quality score was 3 (2-5). We
considered that 17 of 33 trials used an adequate
method of blinding—for example, tablets of identical
shape, colour, and taste.

Control event rate and underlying risk

Numerous different scores, gradings, and definitions
of acute mountain sickness were used in the original
reports. Complete absence of acute mountain
sickness was a clearly defined end point in 20
trials.! ' 20 30-52 39739419 Ty 18 of those, final altitude
was 4050 m to 5885 m; the mean control event rate
(that is, the mean incidence of acute mountain
sickness with placebo) was 67% (range 25-100%). The
other two trials were performed at lower altitudes
(2050 m and 2700 m)." In these, the control event
rates were below 30%. We assumed that these two
trials represented different experimental conditions
and excluded them from further analyses. In the 18
trials reporting the incidence of acute mountain sick-
ness at above 4000 m, no relation existed between alti-
tude and control event rate (fig 1 (top)).

To take into account very fast rates of ascent, we
calculated an index of metres/hour, although ascent
rate is usually expressed as metres/day. Mean ascent
rates, when not reported in original trials, were
extrapolated using the altitude difference (that is, final
altitude minus altitude at start) and duration of ascent.
A direct relation existed between ascent rates and con-
trol event rates (fig 1 (bottom)). Four modes of ascent
were identified; they represented four different ranges
of ascent rates and control event rates (table 1). For all,
a direct relation existed between ascent rate and
control event rate (fig 1 (bottom)).

Qualitative analysis of efficacy

The incidence of acute mountain sickness with interven-
tions and placebo was plotted for all 18 trials (22
comparisons) that related to ascents to 4050-5890 m
and which reported acute mountain sickness (fig 2 ). For

two comparisons, the intervention (codeine 132 mg”

and nifedipine 20 mg™) was less efficacious than the pla-
cebo. There was equivalence in one small trial testing
acetazolamide 500 mg.” For 19 comparisons, the results
suggested both superiority of the intervention and rela-
tive homogeneity of the data. For both dexamethasone

and acetazolamide, smaller and larger trials were equally

distributed among the event rate scatter, suggesting that
there was no relation between trial size and efficacy of
interventions.

Quantitative analysis

Dexamethasone and acetazolamide

Dexamethasone was tested in eight trials with
exposure above 4000 m (mean 4486 m (range
4050-5334 m)) and acute mountain sickness as an end
point.* # #8119 Across all ascent rates, daily doses
of dexamethasone 8 mg, 12 mg, and 16 mg were more
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Fig 1 Incidence of acute mountain sickness in subjects receiving
placebo (control event rate) in relation to final altitude (top), rate of
ascent (bottom), and mode of ascent. Each symbol represents one
trial; symbol sizes do not take into account trial sizes
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Fig 2 Incidence of acute mountain sickness with interventions and
with placebo (18 trials, 22 comparisons). Symbol sizes are
proportional to trial sizes. “Others”=codeine, phenformin, nifedipine,
spironolactone, and dexamethasone plus acetazolamide. The dotted
line represents equality

efficacious than placebo (NNT 2-3) (table 2). In one
trial daily doses of 0.5 mg and 2 mg dexamethasone
were tested; neither dose had any effect on acute
mountain sickness.”

Acetazolamide was tested in nine trials with
exposure above 4000 m (mean 4478 m (range
4000-5356 m)) and acute mountain sickness as an end
point.! ¥ #1027 Across all ascent rates, acetazola-
mide 750 mg was more efficacious than placebo (NNT

Table 1 Data from 18 randomised trials on acute mountain sickness performed at
4050-5890 m and reporting absence of acute mountain sickness. Values are means

(ranges)

Incidence (%) of

acute mountain

No of sickness with

Mode of ascent trials Final altitude (m)  Rate of ascent (m/h) placebo
Climbing* 6 4450 (4000-5356) 91 (10-176) 54 (25-79)
Transport plus climbingt 4 4963 (4050-5885) 82 (34-156) 65 (39-83)
Transportt 5 4647 (4300-5334) 1268 (74-4400) 73 (53-100)
Hypobaric chamber§ 3 4407 (4200-4570) 1647 (179-4570) 89 (75-100)

*Subjects walk to the final altitude.

TSubjects are first transported by car or cable car and then walk to the final altitude.
$Subjects are transported to the final altitude by aeroplane, car, helicopter, or cable car.

§Subjects are placed in a chamber in which the atmospheric pressure can be decreased according to a

study protocol.

2-3). Acetazolamide 500 mg was not significantly
different from placebo (NNT 7) (table 2).

For both dexamethasone and acetazolamide a
direct relation existed between ascent rate and relative
risk (fig 3). The NNT, however, was very high or nega-
tive with low ascent rates, decreased with increasing
ascent rates, and remained almost constant when
ascent rates were > 500 m/day (fig 3).

Other end points were prevention of insomnia,
headache, nausea, and dizziness (table 2). For dexa-
methasone, these were reported in one trial with a lim-
ited number of subjects; results were inconclusive. For
acetazolamide, tested in five trials reporting these end
points, all results were in favour of acetazolamide;
numbers needed to treat were between three and six.

Other interventions

Nifedipine 60 mg and spironolactone 75 mg and
100 mg were tested in two trials each. In one,
nifedipine was more efficacious than placebo for the

Table 2 Data on efficacy and adverse reactions with acetazolamide and dexamethasone for prevention of acute mountain sickness

Incidence (%) of disease

Total No of subjects/No of
subjects with end point

Relative risk No needed to
End point Intervention Control Intervention Control (95% CI) treat (95% Cl)  References
Prevention of acute mountain sickness
Dexamethasone:
8 mg, 12 mg, or 16 mg 37.7 73.8 48/77 22/84 2.50 (1.71 to 3.66) 2.8 (2.0t0 4.6) 23, 31,32, 35,39, 44, 45, 49
8 mg 59.3 86.2 11/27 4/29 2.97 (1.10 to 8.02) 37(20t022) 23,3545
12 mg 14.8 62.5 23/27 12/32 2.53 (1.54 to 4.16) 21(141038) 31,32
16 mg 375 70.8 15/24 7/24 2.19 (1.10 to 4.37) 3.0 (1.7t015) 39, 44, 49
Acetazolamide:
500 mg or 750 mg 32.7 58.5 103/153 59/142 1.58 (1.27 to 1.96) 39(27106.8) 1,19, 31,32, 40, 42, 47, 49
500 mg 317 45.9 56/82 33/61 1.22 (0.93 to 1.59) 7.0 (3.3t0 -54) 1,42,49
750 mg 33.8 67.9 47/71 26/81 2.18 (1.52 to 3.15) 29(2.0t05.2) 19, 31,32, 40, 47
Prevention of insomnia
Dexamethasone 12 mg 64.7 929 6/17 114 4.94 (0.67 to 36.3) 3.6 (1.8t058) 31
Acetazolamide 750 mg or 1 g 40.0 774 45/75 25/76 1.84 (1.27 to 2.66) 37 (241085 31,33 37,40
Prevention of headache
Dexamethasone 12 mg 235 57.1 13117 6/14 1.78 (0.92 to 3.45) 3.0 (1.5t0130) 31
Acetazolamide 500 mg, 750 mg, or 1 ¢ 25.9 62.2 60/81 31/82 1.96 (1.45 to 2.64) 2.8 (2.0t0 45) 27, 31,33,37, 40
Prevention of nausea
Dexamethasone 12 mg 11.8 429 15117 8/14 1.54 (0.95 to 2.51) 32 (1.6t0102) 31
Acetazolamide 500 mg, 750 mg, or 1 g 20.1 36.3 68/85 55/86 1.26 (1.04 to 1.52) 6.2 (341035 27,29, 31,33, 37,40
Prevention of dizziness
Dexamethasone 12 mg 235 64.3 13117 5114 2.14 (1.01 to 4.54) 2.5 (1410 12) 31
Adverse reactions from weaning from 2741 0 13/48 0/43 4.45 (1.08 to 18.3) 3.7 (25106.9) 23, 24, 35, 38, 49
dexamethasone
Polyuria with acetazolamide 33.3 5.6 26/78 4172 4.24 (1.92 t0 9.37) 36 (25106.2) 31,137,140, 47,49
Paraesthesia with acetazolamide 42.9 10.0 21/49 5/50 4.02 (1.71 to 9.43) 3.0(2.0t06.0) 25, 34,47, 49

Cl=confidence interval.
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Relative efficacy v placebo
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Fig 3 Relation between ascent rate and efficacy of pharmacological
prevention of acute mountain sickness (17 trials; in the bottom
graph one trial? is omitted as event rates with placebo and with
intervention were similar and thus the number needed to treat could
not be calculated). Each symbol represents one trial; symbol sizes do
not take into account trial size

prevention of high altitude oedema in 21 subjects
(relative risk 2.5; NNT 1.9)." In another trial, nifedipine
was no different from placebo for preventing acute
mountain sickness in 27 subjects.” Spironolactone was
more efficacious than placebo for preventing nausea in
one trial with 19 subjects (1.7; 2.5).*" Spironolactone
was no different from placebo in preventing acute
mountain sickness in 12 subjects,” or in preventing
headache or insomnia in 19 subjects.”

Among the interventions that were tested in one trial
only, ginkgo biloba® and aspirin® showed significant
improvement compared with placebo for at least one
end point in 44 and 29 subjects respectively.
Dihydroxyaluminium-sodium (45 subjects),” codeine
(15)," phenformin (15),” frusemide (furosemide) (23),”
phenytoin (21)," and antidiuretic hormone (22)* did
not show any efficacy compared with placebo for any of
the reported end points.

Adverse drug reactions

Dichotomous data on adverse drug reactions were
reported in 14 trials.' * #3957 3440479 Iy five trials
(91 subjects) authors searched specifically for adverse
effects resulting from weaning from dexamethasone
(table 2). In three trials, no adverse effect was noticed;
in one, 8 of 17 subjects taking dexamethasone 16 mg/
day (0/8 subjects taking placebo) experienced depres-
sion after the trip," and in another, 1 of 7 subjects
taking dexamethasone 8 mg/day (0/8 taking placebo)
experienced depression after stopping the treatment.”
‘When data were combined, the relative risk for adverse
effects resulting from weaning from dexamethasone
(including depression) was increased (NNT about 4).
Gastrointestinal symptoms with dexamethasone were
reported in two trials” *; the results were contradictory.
With acetazolamide, polyuria (NNT about 4) and
paraesthesia (NNT about 4) occurred significantly
more often than with placebo (table 2). One trial
reported taste disturbance in 3 of 15 subjects treated
with acetazolamide, and in none taking placebo (not
significant).”

Discussion

Above 4000 m, dexamethasone 8-16 mg and aceta-
zolamide 750 mg are equally efficacious in preventing
acute mountain sickness when ascent rates are higher
than 500 m/day. Fewer than three subjects need to be
treated with one of these regimens for one subject not
to experience acute mountain sickness who would
have done so had they all received a placebo. Lower
doses of dexamethasone (0.5 mg or 2mg) and of
acetazolamide (500 mg) were not effective; they should
not be used.

Adpverse effects

In two trials in which dexamethasone was stopped
abruptly, depression was reported. If this is confirmed
in further trials, depression after withdrawal of dexa-
methasone might be considered a true risk. In the
meantime, 8 mg (that is, the minimal effective dose
tested in these trials) should be used. We may assume
that decreasing this dose stepwise after exposure to
high altitude further decreases the risk of adverse
effects from weaning. With acetazolamide, some
adverse effects happened significantly more often than
with placebo. These were, however, of minor severity
only. People climbing or working at high altitude are
unlikely to stop using acetazolamide because of
paraesthesia in the fingertips or increased diuresis.
There was a lack of data on efficacy and adverse effects
for all the other drugs.

Efficacy of prophylaxis

To estimate efficacy of prophylaxis we need to know the
underlying risk of the disease. The underlying risk is
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often poorly understood; then, the only way to establish
guidelines on prophylaxis in “low risk” or “high risk”
subjects is to assume that the control event rate in a
randomised trial to some extent reflects the true under-
lying risk. Here, ascent rate could be identified as a key
factor. At altitudes of 4000-6000 m, the ascent rate
clearly had an impact on the control event rate (fig 1).
Thus, efficacy of pharmacological prevention of acute
mountain sickness should be estimated in relation to
the ascent rate. Experimental conditions represented
different underlying risks. For each mode of ascent the
direct relation between ascent rate and control event
rate could be identified (fig 1). There was, however, a
lack of evidence that the mode of ascent in itself had
any impact on the efficacy of prophylaxis as none of the
drugs was tested in all experimental conditions.

The relative benefit (that is, the relative risk) of
prophylaxis with dexamethasone or acetazolamide
compared with placebo depended directly on the
ascent rate (fig 3). It ranged from “no relative benefit”
(relative risk about 1) in trials with ascent rates below
about 500 m/day' * to a fivefold to sixfold relative
improvement compared with placebo in trials with
very high ascent rates.” ” These data suggest that
prophylaxis is worth while when ascent rates are high.
The number needed to treat did not show the same
degree of dependency from the ascent rate (fig 3). With
low rates there was no absolute benefit with
prophylaxis.' * Thus it may not be worth while to try to
prevent acute mountain sickness at low ascent rates;
too many subjects would have to be treated prophylac-
tically for one to profit. With increasing ascent rates,
absolute benefit of prophylaxis improved (that is, the
number needed to treat decreased) and remained
almost constant for effective regimens when ascent
rates were >500 m/day. Thus, both in relative and
absolute terms, prophylaxis seems to be worth while
when the ascent rate is high.

To interpret both the relative and the absolute ben-
efit of prophylaxis it is equally important to test dose
responsiveness. In relative terms, acetazolamide
750 mg was more efficacious than 500 mg (table 2,
fig 3). However, as the higher dose was tested mainly in
trials with faster ascent rates, any conclusion on dose
responsiveness may be flawed. The difference in the
absolute benefit (that is, the number needed to treat) of
the two doses confirmed dose responsiveness. Within a
range of ascent rates of 34 m/hour' to 179 m/hour,”
750 mg was consistently more efficacious than 500 mg
(fig 3). Thus, recommendations on the optimal dose
should be adapted.*

Quality of included trials

Most of the included trials were performed in field
conditions; they were generally of acceptable quality
according to the validated Oxford scale. Only about
half of them, however, tried to blind both subjects and
observers. Specific adverse reactions occurred fre-
quently with the drugs and only rarely with placebo.
Most of these trials may have suffered some degree of
observer bias. Also, some trials were very small. No evi-
dence existed, however, that smaller trials overesti-
mated treatment effect compared with larger trials
(fig 2). Finally, to extract homogeneous data and to
minimise the risk of bias resulting from different
definitions of end points, we concentrated on complete
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What is already known on this topic

Acute mountain sickness is a disease frequently
experienced at high altitude

Many drugs have been used to prevent acute
mountain sickness

What this study adds

The risk of acute mountain sickness depends
directly on the ascent rate; above 4000 m,
dexamethasone 8-16 mg and acetazolamide

750 mg are equally efficacious in preventing acute
mountain sickness when ascent rates are higher
than 500 m/day

Contrary to widespread belief, acetazolamide
500 mg does not work

Dexamethasone and acetazolamide are associated
with specific adverse effects

With low rates of ascent, prophylaxis is not worth
while

absence of acute mountain sickness. This dichotomous
hurdle may be unnecessarily high. An intervention that
does not completely prevent acute mountain sickness
may alleviate symptoms to a great extent. Such an
intervention may, of course, be useful.

Research agenda

As both dexamethasone and acetazolamide are effica-
cious in preventing acute mountain sickness but also
carry arisk of adverse effects, should a combination of
reduced doses of both drugs be tested? This was done
in two trials only*" and the results were not
conclusive. Nifedipine prevented high altitude pulmo-
nary oedema.” This is relevant because the incidence
of clinical signs of high altitude pulmonary oedema
may be 40% at above 3000 m."~* Together with data
showing that nifedipine lowers pulmonary artery pres-
sure,” these results may justify further research with
this drug in high altitude conditions.
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1929 are supposed

A few cool days in London in the summer of

Fleming the chance to notice penicillin; the
former Department of Health and Social
Security named its headquarters after him. It
stands beside the roundabout named Elephant
& Castle after the pub which was itself named
after the arms of the Cutlers’ Company for
which it symbolised the ivory trade that gave the
knives their handles.

Escaping one day from a tedious meeting in
what we called the “Elephant House,” at which
doctors had disagreed on all kinds of principles,
I'was travelling in a bus round the corner in
Walworth Road when I saw it. Over the door of a
handsome brick building dated 1937, beneath a
clustered family group whose adult held a
caduceus, the lintel bore this inscription:

To coin a phrase

to have given Alexander

“THE HEALTH OF THE PEOPLE
IS THE HIGHEST LAW”

Where did the heady idealism of that slogan
arrive from, cast in pride on Southwark’s new
health centre by its Metropolitan Borough all
those years ago? None other than Cicero, and
the Twelve Tables (451-450 BC)—the earliest
written statement of the Roman law—"Salus
Populi Suprema Lex.”

That phrase today seems like a lighthouse
among the debris of principles and priorities
that have littered committee rooms during
years of NHS politics. Good old LCC!

And will Fleming’s name be around in 4000 +
AD?

Anthony Alment retired obstetrician and
gynaecologist, Northampton
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