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Acute High-Altitude Illnesses
Peter Bärtsch, M.D., and Erik R. Swenson, M.D.
This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the authors’ clinical recommendations.

A 45-year-old healthy man wishes to climb Mount Kilimanjaro (5895 m) in a 5-day
period, starting at 1800 m. The results of a recent exercise stress test were normal; he
runs 10 km 4 or 5 times per week and finished a marathon in less than 4 hours last
year. He wants to know how he can prevent becoming ill at high altitude and whether training or sleeping under normobaric hypoxic conditions in the weeks before the
ascent would be helpful. What would you advise?
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Persons who are not acclimatized and ascend rapidly to high altitudes are at risk for
any of several debilitating and potentially lethal illnesses (Table 1) that occur within the first days after arrival at high altitudes.1 Traditionally, 2500 m has been used
as the threshold for high-altitude illnesses; in rare cases, mild illness occurs in
persons who have ascended above 2000 m but below 2500 m.
Acute Mountain Sickness

Headache that occurs with an increase in altitude is the cardinal symptom of acute
mountain sickness and is usually accompanied by anorexia, nausea, dizziness,
malaise, sleep disturbance, or a combination of these symptoms.2 Acute mountain
sickness generally occurs within 6 to 12 hours after a person ascends to 2500 m or
higher. Its prevalence and severity increase with increasing altitude. Acute mountain sickness occurs in approximately 10 to 25% of unacclimatized persons who
ascend to 2500 m. Symptoms are usually mild at this altitude and have little effect
on activity. However, acute mountain sickness occurs in 50 to 85% of unacclimatized persons at 4500 to 5500 m and may be incapacitating.3-5
In a retrospective study, major independent risk factors for acute mountain sickness included a history of acute mountain sickness, fast ascent (≥625 m per day
above 2000 m), and lack of previous acclimatization (<5 days above 3000 m in the
preceding 2 months).6 A prospective study involving trekkers and climbers who
went to altitudes between 4000 and 8848 m showed the same major risk factors
for incapacitating acute mountain sickness and other severe altitude illnesses7
(described below). Other possible risk factors include female sex, an age younger
than 46 years, and a history of migraine. Exercise may exacerbate acute mountain
sickness, but good physical fitness is not protective.6-8 Symptoms usually resolve
within 1 to 2 days when appropriate measures are taken (see below).
High-Altitude Cerebral Edema

High-altitude cerebral edema is characterized by truncal ataxia, decreased consciousness, and usually mild fever.2,9 Without appropriate treatment, coma may
evolve rapidly, followed by death from brain herniation within 24 hours. Headache
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key Clinical points

Acute High-Altitude Illnesses
• Acute high-altitude illnesses occur in persons who are not acclimatized during the first days at an altitude
of 2500 m or higher, with wide variation in the incidence according to patient characteristics and history.
• Headache is the major symptom of acute mountain sickness. If acute mountain sickness is not treated
adequately, it can progress to life-threatening high-altitude cerebral or pulmonary edema.
• High-altitude illnesses can be prevented by ascending 300 to 500 m per day at altitudes above 3000 m
and including a rest day every 3 to 4 days.
• Risks of acute mountain sickness and high-altitude cerebral edema are reduced with the use of acetazolamide or dexamethasone; the risk of high-altitude pulmonary edema is reduced with the use of
nifedipine, phosphodiesterase-5 inhibitors, or dexamethasone.
• Acute mountain sickness may be treated by a day of rest and nonsteroidal antiinflammatory drugs for
headache, but when it is severe, descent or supplemental oxygen is indicated. Dexamethasone is indicated for severe acute mountain sickness or high-altitude cerebral edema, and nifedipine or phosphodiesterase-5 inhibitors are indicated for high-altitude pulmonary edema; treatment with these agents
should be followed by descent as soon as possible.

that is poorly responsive to nonsteroidal antiinflammatory drugs (NSAIDs) and vomiting indicate probable progression of acute mountain
sickness to high-altitude cerebral edema, but the
absence of headache and other symptoms of
acute mountain sickness does not rule it out.
High-altitude cerebral edema usually develops
after at least 2 days at altitudes above 4000 m.
The prevalence is estimated to be 0.5 to 1.0%
among persons at 4000 to 5000 m.10 Magnetic
resonance imaging in patients with high-altitude
cerebral edema shows vasogenic edema11 and
microhemorrhages that are located predominantly in the corpus callosum.12

increases to 6% and 15%, respectively, when
these altitudes are reached within 1 to 2 days.
The risk is further increased among persons with
a history of high-altitude pulmonary edema (e.g.,
the risk of recurrence is 60% among persons
who ascend to 4500 m in 2 days).14 The estimated
mortality among persons with untreated highaltitude pulmonary edema is 50%. This disorder
is a noncardiogenic pulmonary edema caused by
exaggerated hypoxic pulmonary vasoconstriction
and abnormally high pulmonary-artery pressure
and capillary pressure.15 These high pressures
lead to a noninflammatory and hemorrhagic alveolar capillary leak that secondarily may evoke
an inflammatory response.16

High-Altitude Pulmonary Edema

High-altitude pulmonary edema is characterized
by loss of stamina, dyspnea, and dry cough with
exertion, followed by dyspnea at rest, rales, cyanosis, cough, and pink, frothy sputum.13 Deterioration in gas exchange also increases the risk of
high-altitude cerebral edema. This condition develops 2 or more days after exposure to altitudes
above 3000 m and is rare in persons at altitudes
below 2500 to 3000 m. The risk increases with
increased altitude and faster ascent. For example,
the incidence among persons with an unknown
history of high-altitude pulmonary edema is
0.2% if they ascend to 4500 m in 4 days and 2%
if they ascend to 5500 m in 7 days; the incidence
n engl j med 368;24

S t r ategie s a nd E v idence
Risk Assessment

Risk assessment (Table 2) should start with a
clinical evaluation directed toward any cardiopulmonary diseases that might worsen during a
sojourn involving high altitude. Although a discussion of the effect of altitude in persons with
preexisting disease is not within the scope of this
article, reviews of this topic are available.17,18
Given that previous altitude illness is a strong
predictor of recurrence, detailed information
about the person’s history with respect to visits
to high-altitude areas, acclimatization before prenejm.org
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Table 1. Symptoms, Signs, and Differential Diagnosis of High-Altitude Illnesses.
Variable
Symptoms

Signs

Acute Mountain Sickness

High-Altitude Cerebral Edema

Headache plus one or more of the follow- Moderate-to-severe symptoms
ing symptoms: nausea, vomiting, dizof acute mountain sickness
ziness, fatigue, and insomnia. Mild-tomoderate illness: a few symptoms of
mild-to-moderate intensity within
6 to 12 hr after exposure to altitudes of
≥2500 m; severe illness: many or all
symptoms of severe intensity, usually
evolving from mild-to-moderate illness
None

Differential
Exhaustion, dehydration, hangover,
diagnosis
migraine

Lassitude, truncal ataxia, altered Tachypnea, arterial oxygen saturation considmental status such as drowserably below average value for other periness or loss of conscioussons in climbing group, mild fever, signs
ness, often mild fever
of high-altitude cerebral edema with advanced stages
Transient ischemic attack or
Hyperventilation syndrome, pulmonary emstroke, acute psychosis, inbolism, mucus plugging
toxication (from carbon
monoxide, alcohol, or drugs)

vious ascents, maximum altitudes for climbing
and sleeping, rates of ascent, and any altitude
illness should be obtained. The estimation of risk
is most reliable for persons with previous rates of
ascent and final altitudes that were similar to
those planned.
Other Assessments

The assessment of ventilation in response to exposure to hypoxic conditions at rest or during
exercise has been proposed as a means of refining risk prediction for altitude sickness. The increase in ventilation at rest or during exercise
while breathing 11.5% oxygen,19 as well as arterial oxygen saturation after the first 30 minutes
of exposure to an altitude of 3000 m or to corresponding normobaric hypoxic conditions,20 is on
average significantly lower in persons who are
susceptible to acute altitude sickness than in
those who are not. However, considerable overlap between groups classified as susceptible and
those classified as not susceptible in a retrospective study20 and between a group classified as
having acute mountain sickness and a group
classified as unaffected in a prospective study19
makes it impossible to define cutoff values that
are sufficiently sensitive and specific to be useful
in practice. A multivariate analysis of risk factors
for severe high-altitude illness7 showed that the
hypoxic ventilatory response and other physiological measurements under hypoxic conditions
add little to the discrimination provided by patient characteristics and history (i.e., sex, level of
2296

High-Altitude Pulmonary Edema
Initial illness: inappropriate dyspnea during
exercise, reduced exercise performance,
mild fever; advanced illness: orthopnea,
pink frothy sputum, drowsiness

n engl j med 368;24

physical activity, rate of previous ascent, and status with respect to previous severe high-altitude
illness and migraines).
Persons who are considered to be susceptible
to high-altitude pulmonary edema because of two
previous episodes of high-altitude pulmonary
edema have abnormally high systolic pulmonaryartery pressure (>40 mm Hg) under hypoxic
conditions (12% oxygen in ambient air at sea
level).21 In a study of a western European population, exaggerated hypoxic pulmonary-artery
pressure was detected in about 10% of study
participants,22 but high-altitude pulmonary edema develops in only 15% of persons with exaggerated hypoxic pulmonary-artery pressure responses who make a rapid ascent (unpublished
data). For this reason and because of a very low
pretest probability of high-altitude pulmonary
edema (e.g., an incidence of 1 to 2% among
trekkers to the Mount Everest base camp), measurement of pulmonary-artery pressure under
hypoxic conditions cannot be recommended as a
means of identifying persons who are susceptible to high-altitude pulmonary edema.
Although athletic persons are more likely to
reach the summit than persons who are not
athletic,19 physical fitness appears to have no
association8,19 or at most a modest association7
with susceptibility to acute mountain sickness
and high-altitude pulmonary edema. Thus, an
exercise test is not indicated to assess the risk of
acute high-altitude illness. Information about
the amount and intensity of the person’s regular
nejm.org
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Table 2. Risk Assessment for Acute High-Altitude Illnesses.*
Risk

Planned Ascent and Clinical History

Low

Slow ascent (≤500 m/day above 2500 m); no history of acute mountain sickness, high-altitude cerebral
edema, or high-altitude pulmonary edema with previous exposure to similar altitude; rapid ascent
(>500 m/day above 2500 m) for persons who are partially acclimatized (exposure to high altitudes of
<3000 m in preceding weeks)

Moderate

Unknown history of acute mountain sickness, high-altitude cerebral edema, or high-altitude pulmonary
edema and fast ascent (>500 m/day above 3000 m); unknown history of acute mountain sickness
and rapid ascent (ascent to >3000 m in 1 day)

High

Unknown history of acute mountain sickness, high-altitude cerebral edema, or high-altitude pulmonary
edema, very rapid ascent (considerably >500 m/day), and high final altitude (>4000 m); history of
acute mountain sickness, high-altitude cerebral edema, or high-altitude pulmonary edema with previous exposure to high altitude that is similar to the planned ascent

* All ascent altitudes refer to ascent from the altitude at which the person has slept.

exercise as well as his or her level of athletic
performance is helpful in estimating whether
there is sufficient reserve to cope with the expected loss of exercise capacity at high altitudes
of about 1% for every 100 m above 1500 m.23
Persons without athletic training should be encouraged to begin regular physical exercise several weeks to months before the planned ascent,
particularly when rigorous outdoor activities are
planned at high altitudes.
Prevention

Nonpharmacologic Approaches

Although data are lacking from prospective studies that systematically assess the influence of the
rate of ascent (defined as the gain in altitude between the altitudes at which one sleeps on 2 consecutive nights) on prevention of acute high-altitude illnesses, guidelines for ascents to altitudes
above 3000 m24,25 recommend ascent rates of
300 to 500 m per day and a day of rest every 3 to
4 days (Table 3). However, there are large differences among persons with respect to ascent rates
that are not associated with poor outcomes. A
person without previous experience in high altitudes should follow the ascent rates recommended by these guidelines. If the planned ascent rate
is faster, additional measures, such as acclimatization strategies before the ascent or prophylactic medications, should be considered.
Mountaineering or residence with regular
physical activity at altitudes above 3000 m in the
weeks preceding a climb to 4500 m is associated
with a reduced incidence of acute mountain sickness that is independent of the person’s susceptibility to this condition and the rate of ascent.6
An ascent made after 1 week at an altitude of
n engl j med 368;24

2000 m or higher, as compared with an ascent
from near sea level, reduces both the incidence
and severity of acute mountain sickness at 4300 m
by 50%.26 It has been hypothesized that exposure to normobaric hypoxic conditions before an
ascent might provide protection against acute
mountain sickness. In double-blind, placebocontrolled trials, however, repeated intermittent
exposure to normobaric hypoxia equivalent to
an altitude of 2500 to 4500 m for 60 to 90 minutes27,28 or continuous exposure to normobaric
hypoxia equivalent to an altitude of 2500 to
3000 m during 8 hours of sleep on 7 consecutive
nights29 did not significantly reduce the incidence
or severity of acute mountain sickness at altitudes of 4300 to 4559 m. On the basis of these
data, a recommended strategy to reduce the risk
of high-altitude illness is to remain at an altitude between 2000 and 3000 m for about a
week6,26 and to include day hiking or climbing at
higher altitudes. This should be done as close in
time as possible to the trek or expedition, since
it is not known how quickly acclimatization diminishes with time.30
Prophylactic Medication

Randomized, placebo-controlled trials have shown
a significant reduction in the risk of headache
with the use of acetylsalicylic acid at a dose of
320 mg taken three times at 4-hour intervals,
starting 1 hour before ascent,31 or ibuprofen at a
dose of 600 mg three times per day,32,33 starting
a few hours before ascent to altitudes between
3480 and 4920 m. Headache is a defining symptom of acute mountain sickness, and the incidence of this condition was reduced in all these
trials, which lasted 1 or 2 days only. A risk assonejm.org
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Table 3. Prevention of High-Altitude Illnesses.
Method

Description

Acclimatization before exposure

Sojourning several days at intermediate altitudes at or above 2000 m (staging), hiking or climbing on day tours above 3000 m, or both

Slow ascent

Ascent rate of 300–500 m/day above 2500–3000 m, with a day of rest every 3–4 days;
appropriate treatment of early symptoms of acute mountain sickness for prevention of severe high-altitude disease

Drugs for prevention of acute mountain sickness,
high-altitude cerebral edema, or both
Moderate risk

Acetazolamide, 125 mg twice/day; if there are side effects with or contraindications
to acetazolamide, dexamethasone, 4 mg twice/day, can be used

High risk

Acetazolamide, 250 mg two or three times/day (three times/day recommended for
rapid ascent, though efficacy uncertain); dexamethasone, 4 mg three times/day,
if acetazolamide has unacceptable side effects or is contraindicated

Drugs for prevention of high-altitude pulmonary edema
in persons with history of this condition
First line

Nifedipine, 30 mg of slow-release formulation twice/day

Second line

Phosphodiesterase-5 inhibitors (e.g., tadalafil, 10 mg twice/day) or dexamethasone,
8 mg twice/day

Third line

Inhaled salmeterol (125 µg twice/day) appears to be less effective than other options
and may cause tremor and tachycardia in some persons with this dose

ciated with these medications is gastrointestinal
bleeding, which may be increased at high altitudes,34 but studies were not powered to assess
this risk.31-33
When risk assessment indicates a high probability of the development of acute mountain
sickness (Table 2), acetazolamide is recommended. In a large, prospective, observational study,
the use of acetazolamide was associated with a
44% reduction in the risk of severe high-altitude
illnesses.7 A meta-analysis of randomized trials
of various doses of acetazolamide initiated before ascent likewise showed a significantly reduced risk of acute mountain sickness; the authors of this meta-analysis concluded that the
lowest effective dose for prevention is 125 mg
twice per day.35 This dose has been shown to be
effective in reducing the incidence of acute
mountain sickness associated with rapid ascent
from a baseline altitude of 1600 to 4300 m36 or
during further ascent to 4900 m among trekkers
who have ascended to 4200 m without illness.37
However, a study that showed acute mountain
sickness in more than 50% of persons who received acetazolamide at a dose of 250 mg twice
per day during a rapid ascent of Mount Kilimanjaro (5895 m in 5 days)38 suggested that low-tomoderate doses may be inadequate with more
rapid ascents and higher final altitudes; it is not
known whether higher doses are more effective
2298
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in persons at these altitudes. Acetazolamide
should be started 1 day before the ascent and
discontinued after 2 days at the final altitude or
during the descent. A meta-analysis showed that
acral paresthesias occurred in 35 to 90% of persons receiving acetazolamide, and polyuria occurred with the first several doses in 8 to 55%,
with distaste for carbonated beverages in 4 to
14%.35 Nausea and tiredness developed in about
20% of persons who received 250 mg of acetazolamide three times per day at low altitudes.39
Thus, testing for side effects of the drug before
the ascent might be useful to avoid confusion of
a side effect with a symptom of acute mountain
sickness. If side effects occur, the person should
be advised not to use this prophylactic agent.
If there is a contraindication to acetazolamide
or if it has intolerable side effects, an alternative
is dexamethasone at a dose of 4 mg two or three
times per day. In a randomized, placebo-controlled trial, dexamethasone was associated with
a significant reduction in the incidence and severity of acute mountain sickness among persons
who ascended to 2700 m.40 Several smaller randomized trials, including one head-to-head trial,39
have also shown these results at 4300 to 4570 m,
with a magnitude of effect similar to that of
acetazolamide.10 Given the potential adverse effects of dexamethasone (e.g., hyperglycemia, adrenal suppression, and psychosis), its use for prenejm.org
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Table 4. Treatment of Acute High-Altitude Illnesses.
Treatment

Acute Mountain Sickness

High-Altitude Cerebral Edema

High-Altitude Pulmonary Edema

General measures Mild to moderate: day of rest, descend Descend as soon as possible to lowest Descend as soon as possible to lowest
500–1000 m if no improvement
possible altitude; administer oxypossible altitude; administer oxywith day of rest
gen at a rate of 2–4 liters/min or
gen at a rate of 2–4 liters/min or
Severe: descend as soon as possible to
with the use of hyperbaric bag until
with the use of hyperbaric bag until
lowest possible altitude; administer
descent or evacuation possible
descent or evacuation possible
oxygen at a rate of 2–4 liters/min or
with the use of hyperbaric bag until
descent or evacuation possible
Drugs

Mild to moderate: nonsteroidal antiIntravenous, intramuscular, or oral
Nifedipine, 60–80 mg of slow-release
inflammatory drugs, antiemetic
dexamethasone, 8 mg, followed by
formulation/24 hr in several doses
agents, acetazolamide (125–250 mg
4 mg every 6 hr
twice/day) to enhance acclimatization
Severe: intravenous, intramuscular,
or oral dexamethasone, 8 mg,
followed by 4 mg every 6 hr

Measures after
recovery

Reascent possible when recovery is
Reascent possible with complete
complete without use of drugs,
recovery after discontinuation of
except for acetazolamide; consider
dexamethasone; consider
acetazolamide, 250 mg twice/day,
acetazolamide, 250 mg twice/day,
during reascent
during reascent

vention of acute mountain sickness should be
limited to persons with unequivocal indications,
and it should be administered for less than 1 week.
Since there appears to be a continuum from
acute mountain sickness to high-altitude cerebral
edema, drugs that prevent the first condition
will probably also reduce the risk of the second
one. However, systematic data are lacking to
confirm this theory.
Small randomized trials involving persons
with a history of high-altitude pulmonary edema
have shown that the risk of recurrence can be
reduced with the use of medications that lower
the high pulmonary-artery pressure that is typical in susceptible persons. Nifedipine in a slowrelease formulation at a dose of 30 mg twice per
day,41 tadalafil (a phosphodiesterase-5 inhibitor)
at a dose of 10 mg twice per day, and dexamethasone at a dose of 8 mg twice per day42 appear to
be similarly effective in lowering pulmonaryartery pressure and reducing the incidence of
high-altitude pulmonary edema from approximately 70% to approximately 10% or less. Although it has not been compared directly with
these agents, inhaled salmeterol, a long-acting
β2-agonist, at a high dose of 5 puffs (125 µg)
twice per day, appears to be less effective; in a
placebo-controlled trial, it was associated with a
reduction in the incidence of high-altitude pulmonary edema from 74% to 33%.43
n engl j med 368;24

Reascent possible when symptoms
have resolved and oxygenation at
rest and during exercise is normal
for altitude without supplemental
oxygen; continue nifedipine, 60 mg
of slow-release formulation/day

Treatment

The treatment of mild-to-moderate acute mountain sickness (Table 4) generally consists of a day
of rest, NSAIDs for headache, and possibly antiemetic drugs. One small, placebo-controlled,
crossover trial showed that ibuprofen reduced
headache significantly in affected persons.44
Treatment with oxygen and acetazolamide may
also facilitate more rapid recovery, although there
are only limited data from randomized trials to
support the benefit of acetazolamide in persons
in whom acute mountain sickness has already
developed.45 In remote areas, a descent of 500 to
1000 m is indicated if symptoms of acute mountain sickness persist despite a day of rest and
symptomatic treatment. If descent is not possible
because of logistical constraints or the person’s
condition, improvement sufficient to allow descent
can be achieved with one or a combination of the
following interventions: administration of dexamethasone at a dose of 4 to 8 mg every 6 hours,46
provision of supplemental oxygen (2 to 4 liters
per minute), or treatment in a manually pressurized, body-length, portable hyperbaric bag.47
Immediate descent is lifesaving when severe
symptoms suggest the onset of high-altitude
cerebral edema or high-altitude pulmonary edema. In persons with high-altitude pulmonary
edema, pulmonary-artery pressure should be
lowered by means of supplemental oxygen (2 to
nejm.org
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4 liters per minute), descent to a lower altitude,
or pulmonary vasodilators (of which only nifedipine has been tested in a prospective study,
which was uncontrolled).48 Anecdotal reports
describe a benefit of phosphodiesterase-5 inhibitors for the treatment of high-altitude pulmonary edema, but they do not provide support for
the use of dexamethasone.49 Although descent
to a lower altitude is the primary goal for the
management of high-altitude pulmonary edema
in remote areas, allowing a fully conscious person with mild-to-moderate high-altitude pulmonary edema to remain in a mountainous resort
area is reasonable when supplemental oxygen and
oral pulmonary vasodilators can be provided under the supervision of a local physician or in an
emergency facility.50 There is no role for diuretics in the treatment of high-altitude pulmonary
edema.

A r e a s of Uncer ta in t y
Since high-altitude cerebral edema and high-altitude pulmonary edema occur infrequently in remote areas, rigorous data are lacking to guide
their management. Although numerous trials
provide support for the use of acetazolamide for
prophylaxis against acute mountain sickness, the
appropriate dosage for persons planning an ascent to higher altitudes (above 4500 to 5000 m)
or a rapid ascent is uncertain; data are lacking
from randomized trials comparing dexamethasone with high doses of acetazolamide in these
circumstances. The magnitude and duration of a
reduced risk of acute mountain sickness associated with various forms of exposure to high altitudes before an ascent remain unclear.

Guidel ine s
Our recommendations are generally concordant
with the guidelines of the Wilderness Medical
Society for the prevention and treatment of highaltitude illnesses.45

C onclusions a nd
R ec om mendat ions
The person described in the vignette has planned
a rapid ascent of Mount Kilimanjaro (5895 m
over a period of 5 days). In addition to the need for

2300
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region-specific prophylaxis against infectious
disease such as malaria, he should be advised
that his plan involves a 40% risk of the development of acute mountain sickness that would be
severe enough to prevent him from reaching the
peak, as well as a small risk of high-altitude pulmonary edema or high-altitude cerebral edema.
To improve his chances of staying relatively
symptom-free and reaching the summit, we
would recommend that he spend several days
hiking and living at intermediate altitudes of
2000 to 3000 m near his home before departure;
consider climbing Mount Meru, a 4500-m neighboring peak, in 3 or 4 days before ascending
Mount Kilimanjaro; or plan a flexible timetable
to allow additional stops at intermediate altitudes
according to his clinical condition. Since randomized trials have shown no significant reduction
in the incidence of high-altitude illness with athletic training in hypoxic conditions, such training should not be recommended, but we would
encourage regular endurance training, since
good aerobic performance will help to make
mountaineering less strenuous. There are currently no reliable tests to predict susceptibility to
high-altitude illnesses during an ascent. If acclimatization before the ascent or a slower ascent
rate is not possible, we would recommend that
prophylaxis with acetazolamide, at a dose of 250
mg two or three times per day, be initiated at the
mountain base after testing for side effects of the
drug at home. However, the efficacy of acetazolamide for particularly high and fast climbs such
as this one is uncertain. It would be reasonable
to provide the patient with dexamethasone for
use as rescue medication during descent, if severe
acute mountain sickness or high-altitude cerebral edema develops suddenly, and he should be
advised not to delay the descent, if it is indicated.
Anyone climbing to a high altitude should be
educated about high-altitude illnesses and the
steps that should be taken if symptoms develop.
Good sources of information include www.ismmed
.org and www.medex.org.uk. Steps include resting for a day if acute mountain sickness develops
and descending if there is no improvement in
symptoms with the use of NSAIDs and antiemetic agents within 1 day, and descending immediately at the first appearance of symptoms
or signs of high-altitude pulmonary edema or
high-altitude cerebral edema.

nejm.org

june 13, 2013

The New England Journal of Medicine
Downloaded from nejm.org by JOHN VOGEL on June 12, 2013. For personal use only. No other uses without permission.
Copyright © 2013 Massachusetts Medical Society. All rights reserved.

clinical pr actice
Dr. Bartsch reports receiving lecture fees from Merck Sharp
& Dohme and Bayer HealthCare and payment to his institution for meeting expenses from the Linde Group. No other
potential conf lict of interest relevant to this article was reported.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
We thank Ingrid Slater of Division VII: Sports Medicine, Department of Internal Medicine, University Hospital, Heidelberg, Germany, for her assistance with the preparation of the manuscript.

References
1. Hackett PH, Roach RC. High-altitude

illness. N Engl J Med 2001;345:107-14.
2. Singh I, Khanna PK, Srivastava MC,
Lal M, Roy SB, Subramanyam CSV. Acute
mountain sickness. N Engl J Med 1969;
280:175-84.
3. Hackett PH, Rennie D, Levine HD.
The incidence, importance, and prophylaxis of acute mountain sickness. Lancet
1976;2:1149-55.
4. Maggiorini M, Bühler B, Walter M,
Oelz O. Prevalence of acute mountain
sickness in the Swiss Alps. BMJ 1990;301:
853-5.
5. Honigman B, Theis MK, KoziolMcLain J, et al. Acute mountain sickness
in a general tourist population at moderate altitudes. Ann Intern Med 1993;118:
587-92.
6. Schneider M, Bernasch D, Weymann
J, Holle R, Bärtsch P. Acute mountain
sickness: influence of susceptibility, preexposure and ascent rate. Med Sci Sports
Exerc 2002;34:1886-91.
7. Richalet JP, Larmignat P, Poitrine E,
Letournel M, Canoui-Poitrine F. Physiological risk factors of severe high altitude
illness: a prospective cohort study. Am J
Respir Crit Care Med 2012;185:192-8.
8. Milledge JS, Beeley JM, Broome J, Luff
N, Pelling M, Smith D. Acute mountain
sickness susceptibility, fitness and hypoxic
ventilatory response. Eur Respir J 1991;4:
1000-3.
9. Wu T, Ding S, Liu J, et al. Ataxia: an
early indicator in high altitude cerebral
edema. High Alt Med Biol 2006;7:275-80.
10. Bärtsch P, Roach R. High altitude —
an exploration of human adaptation. In:
Hornbein TF, Schoene R, eds. Lung biology in health and disease. Vol. 161. New
York: Marcel Dekker, 2001:731-76.
11. Hackett PH, Yarnell PR, Hill R, Reynard K, Heit J, McCormick J. High-altitude cerebral edema evaluated with magnetic resonance imaging. JAMA 1998;280:
1920-5.
12. Kallenberg K, Dehnert C, Dörfler A,
et al. Microhemorrhages in nonfatal highaltitude cerebral edema. J Cereb Blood
Flow Metab 2008;28:1635-42.
13. Singh I, Kapila CC, Khanna PK, Nanda
RB, Rao BDP. High-altitude pulmonary
oedema. Lancet 1965;1:229-34.
14. Bärtsch P, Maggiorini M, Mairbäurl
H, Vock P, Swenson E. Pulmonary extravascular fluid accumulation in climbers.
Lancet 2002;360:571-2.
15. Maggiorini M, Mélot C, Pierre S, et al.

High-altitude pulmonary edema is initially caused by an increase in capillary
pressure. Circulation 2001;103:2078-83.
16. Swenson ER, Maggiorini M, Mongovin S, et al. Pathogenesis of high-altitude pulmonary edema: inflammation is
not an etiologic factor. JAMA 2002;287:
2228-35.
17. Luks AM, Swenson ER. Travel to high
altitude with pre-existing lung disease.
Eur Respir J 2007;29:770-92.
18. Rimoldi SF, Sartori C, Seiler C, et al.
High-altitude exposure in patients with
cardiovascular disease: risk assessment
and practical recommendations. Prog
Cardiovasc Dis 2010;52:512-24.
19. Richalet J-P, Keromes A, Dersch B,
et al. Caractéristiques physiologiques des
alpinistes de haute altitude. Sci Sports
1988;3:89-108.
20. Burtscher M, Flatz M, Faulhaber M.
Prediction of susceptibility to acute mountain sickness by SaO2 values during shortterm exposure to hypoxia. High Alt Med
Biol 2004;5:335-40.
21. Dehnert C, Grünig E, Mereles D, von
Lennep N, Bärtsch P. Identification of
individuals susceptible to high-altitude
pulmonary oedema at low altitude. Eur
Respir J 2005;25:545-51.
22. Grünig E, Weissmann S, Ehlken N,
et al. Stress Doppler echocardiography in
relatives of patients with idiopathic and
familial pulmonary arterial hypertension:
results of a multicenter European analysis
of pulmonary artery pressure response to
exercise and hypoxia. Circulation 2009;
119:1747-57.
23. Fulco CS, Cymerman A. Maximal and
submaximal exercise performance at altitude. Aviat Space Environ Med 1998;69:
793-801.
24. Luks AM. Clinician’s corner: what do
we know about safe ascent rates at high
altitude? High Alt Med Biol 2012;13:14752.
25. Imray C, Booth A, Wright A, Bradwell
A. Acute altitude illnesses. BMJ 2011;343:
d4943.
26. Beidleman BA, Fulco CS, Muza SR, et
al. Effect of six days of staging on physiologic adjustments and acute mountain
sickness during ascent to 4300 meters.
High Alt Med Biol 2009;10:253-60.
27. Schommer K, Wiesegart N, Menold E,
et al. Training in normobaric hypoxia and
its effects on acute mountain sickness after rapid ascent to 4559 m. High Alt Med
Biol 2010;11:19-25.

n engl j med 368;24

nejm.org

28. Wille M, Gatterer H, Mairer K, et al.

Short-term intermittent hypoxia reduces
the severity of acute mountain sickness.
Scand J Med Sci Sports 2012;22(5):e79e85.
29. Fulco CS, Muza SR, Beidleman BA, et
al. Effect of repeated normobaric hypoxia
exposures during sleep on acute mountain sickness, exercise performance, and
sleep during exposure to terrestrial altitude. Am J Physiol Regul Integr Comp
Physiol 2011;300:R428-R436.
30. Muza SR, Beidleman BA, Fulco CS.
Altitude preexposure recommendations
for inducing acclimatization. High Alt
Med Biol 2010;11:87-92.
31. Burtscher M, Likar R, Nachbauer W,
Philadelphy M. Aspirin for prophylaxis
against headache at high altitudes: randomised, double blind, placebo controlled trial. BMJ 1998;316:1057-8.
32. Gertsch JH, Corbett B, Holck PS, et al.
Altitude Sickness in Climbers and Efficacy of NSAIDs Trial (ASCENT): randomized, controlled trial of ibuprofen versus
placebo for prevention of altitude illness.
Wilderness Environ Med 2012;23:307-15.
33. Lipman GS, Kanaan NC, Holck PS,
Constance BB, Gertsch JH. Ibuprofen
prevents altitude illness: a randomized
controlled trial for prevention of altitude
illness with nonsteroidal anti-inf lammatories. Ann Emerg Med 2012;59:48490.
34. Wu T-Y, Ding S-Q, Liu J-L, et al. Highaltitude gastrointestinal bleeding: an observation in Qinghai-Tibetan railroad construction workers on Mountain Tanggula.
World J Gastroenterol 2007;13:774-80.
35. Low EV, Avery AJ, Gupta V, Schedlbauer A, Grocott MP. Identifying the lowest effective dose of acetazolamide for the
prophylaxis of acute mountain sickness:
systematic review and meta-analysis. BMJ
2012;345:e6779.
36. van Patot IMC, Leadbetter G III, Keyes
LE, Maakestad KM, Olson S, Hackett PH.
Prophylactic low-dose acetazolamide reduces the incidence and severity of acute
mountain sickness. High Alt Med Biol
2008;9:289-93.
37. Basnyat B, Gertsch JH, Johnson EW,
Castro-Marin F, Inoue Y, Yeh C. Efficacy
of low-dose acetazolamide (125 mg BID)
for the prophylaxis of acute mountain
sickness: a prospective, double-blind, randomized, placebo-controlled trial. High
Alt Med Biol 2003;4:45-52.
38. Kayser B, Hulsebosch R, Bosch F.

june 13, 2013

The New England Journal of Medicine
Downloaded from nejm.org by JOHN VOGEL on June 12, 2013. For personal use only. No other uses without permission.
Copyright © 2013 Massachusetts Medical Society. All rights reserved.

2301

clinical pr actice
Low-dose acetylsalicylic acid analog and
acetazolamide for prevention of acute
mountain sickness. High Alt Med Biol
2008;9:15-23.
39. Ellsworth AJ, Larson EB, Strickland D.
A randomized trial of dexamethasone and
acetazolamide for acute mountain sickness prophylaxis. Am J Med 1987;83:
1024-30.
40. Montgomery AB, Luce JM, Michael P,
Mills J. Effects of dexamethasone on the
incidence of acute mountain sickness at
two intermediate altitudes. JAMA 1989;
261:734-6.
41. Bärtsch P, Maggiorini M, Ritter M,
Noti C, Vock P, Oelz O. Prevention of
high-altitude pulmonary edema by nifedipine. N Engl J Med 1991;325:1284-9.
42. Maggiorini M, Brunner-La Rocca H-P,
Peth S, et al. Both tadalafil and dexa-

2302

methasone may reduce the incidence of
high-altitude pulmonary edema: a randomized trial. Ann Intern Med 2006;145:
497-506.
43. Sartori C, Allemann Y, Duplain H, et
al. Salmeterol for the prevention of highaltitude pulmonary edema. N Engl J Med
2002;346:1631-6.
44. Broome JR, Stoneham MD, Beeley JM,
Milledge JS, Hughes AS. High altitude
headache: treatment with ibuprofen. Aviat
Space Environ Med 1994;65:19-20.
45. Luks AM, McIntosh SE, Grissom CK,
et al. Wilderness Medical Society consensus guidelines for the prevention and
treatment of acute altitude illness. Wilderness Environ Med 2010;21:146-55.
46. Ferrazzini G, Maggiorini M, Kriemler
S, Bärtsch P, Oelz O. Successful treatment
of acute mountain sickness with dexa-

n engl j med 368;24

nejm.org

methasone. Br Med J (Clin Res Ed) 1987;
294:1380-2.
47. Bärtsch P, Merki B, Hofstetter D,
Maggiorini M, Kayser B, Oelz O. Treatment of acute mountain sickness by simulated descent: a randomised controlled
trial. BMJ 1993;306:1098-101.
48. Oelz O, Maggiorini M, Ritter M, et al.
Nifedipine for high altitude pulmonary
oedema. Lancet 1989;2:1241-4.
49. Bärtsch P, Vock P, Franciolli M. High
altitude pulmonary edema after successful treatment of acute mountain sickness
with dexamethasone. Wilderness Environ
Med 1990;1:162-4.
50. Hultgren HN, Honigman B, Theis K,
Nicholas D. High-altitude pulmonary
edema at a ski resort. West J Med 1996;
164:222-7.
Copyright © 2013 Massachusetts Medical Society.

june 13, 2013

The New England Journal of Medicine
Downloaded from nejm.org by JOHN VOGEL on June 12, 2013. For personal use only. No other uses without permission.
Copyright © 2013 Massachusetts Medical Society. All rights reserved.

