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Objective: To determine the impact of sumatriptan prophylaxis on acute mountain sickness (AMS) and altitude headache
development within 24 hours of ascent, we designed a double-blind, randomized, clinical trial.
Methods: A prospective, double-blind, randomized, placebo-controlled trial was conducted in Tochal Mountain Hotel at an
altitude of 3,500 meters above sea level during October 2006 to November 2006. A total of 102 Iranian adults were assigned
to receive either sumatriptan succinate (50mg) or placebo within 1 hour of ascent. AMS incidence was measured by Lake Louise
AMS score � 3 with headache and one other symptom. Secondary outcome measures included severity of syndrome (Lake
Louise scores � 5), incidence of headache, and severity of headache.
Results: Based on intention-to-treat analysis, AMS was more prevalent in placebo group (n � 23 [45.1%]) than sumatriptan
group (n � 12 [23.5%]; p � 0.02). Headache also had a greater rate for placebo users (placebo vs sumatriptan group: 29
[56.9%] vs 17 [33.3%]; p � 0.02). No association was detected between sumatriptan prophylaxis and AMS or altitude headache
severity.
Discussion: Sumatriptan prophylaxis is effective to prevent AMS development. Furthermore, our findings confirm cerebral
vasodilative and edematous mechanisms of AMS progression, whereas sumatriptan is a selective 5-hydroxytryptamine1 receptor
subtype agonist and a selective cerebral vasoconstrictor as a result (http://www.controlled-trials.com/ISRCTN87201238/).
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The term high-altitude illness is used to describe the
cerebral syndromes including acute mountain sickness
(AMS), high-altitude cerebral edema, and pulmonary
syndromes that can develop in unacclimatized persons
shortly after ascent to high altitude.1 High-altitude ill-
ness is much more likely to occur at altitudes higher
than 2,500m than at lower altitudes.2

Every year thousands of people who live at low alti-
tudes climb or work in high-altitude areas; many of
them experience AMS. The most common symptoms
(headache, loss of appetite, nausea, fatigue, dizziness,
and insomnia) usually appear within the first days of
arrival at high altitude.1–3 AMS is not only uncomfort-
able, it is also partly responsible for an increased mor-
tality at high altitude.1,2

Many drugs have been used to try to prevent or al-
leviate symptoms of the sickness. Prophylaxis with ac-
etazolamide, dexamethasone, nifedipine, ginkgo biloba,
and aspirin have shown significant improvement com-
pared with placebo in prevention of AMS.4 Why alti-
tude cerebral syndromes are developed is not fully un-
derstood, but brain edema and cerebral vasodilation

caused by impaired autoregulation have been suggested
to be the possible causes.2 Sumatriptan is a selective
5-hydroxytryptamine1 (5-HT1) receptor subtype ago-
nist and a selective cerebral vasoconstrictor that is spe-
cifically effective for treatment of migraine.5

We conducted a randomized, placebo-controlled,
double-blind trial to evaluate the efficacy and safety of
sumatriptan in prevention of AMS according to the
principles of Good Clinical Practice.

Subjects and Methods
Subjects
A randomized, placebo-controlled, double-blind trial was
conducted on a cohort of eligible adults in Tochal Mountain
Hotel clinic, Tehran, Iran, from October 1 to November 17,
2006. Tochal Hotel is located at an altitude of 3,500m
above sea level next to a ski area. Individuals were transferred
from a height of 1,600 to 3,500m within 45 to 60 minutes
using cable cars. Temperature was 18 to 30°C (metric mea-
surement) in different spots of the hotel within the days of
the study performance.

Participants were included if they were unacclimatized, 18
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to 60 years of age, and stayed at an altitude of 1,200 to
1,500m for at least 2 weeks before ascent. All individuals
were allowed to go skiing in the first 6 hours of ascent. The
highest altitude any skier could reach was 200m above hotel
site. No participant went for mountain climbing within the
study period. Exclusion criteria were history of cardiac or
cerebral conditions that might increase the risk for a stroke
due to sumatriptan intake, uncontrolled hypertension with
systolic pressure greater than 180mm Hg or diastolic pres-
sure greater than 110mm Hg, and use of analgesics within
previous 24 hours. None of the included migraine patients
were familiar with sumatriptan before the study.

The study was conducted in accordance with the Decla-
ration of Helsinki.6 The study proposal was evaluated and
approved by Imam Neurology Research Center Institutional
Review Board. All participants gave written informed con-
sent before study entrance.

Study Design and Randomization
Participants were randomly assigned using block randomiza-
tion (blocks of 2) to receive either 50mg sumatriptan succi-
nate capsule or identical monohydrate lactose capsule as pla-
cebo (Darou Darman Pars Pharmaceuticals, Tehran, Iran) in
a nonstratified randomization method. Moreover, the medi-
cations were in opaque boxes labeled with randomization
codes that were not disclosed to clinicians and assessor. Only
the pharmacist who provided the drugs knew the details of
computer-generated randomization codes, and all patients,
clinicians, and assessor were unaware of medication type
(double-blind fashion).

All assessments were done by one assessor (S.J.). Partici-
pants took single dose medication in Tochal Hotel clinic in
presence of the clinicians (F.G., S.S.). A written instruction
sheet was given to guests, asking them not to take analgesics,
sedatives, or other kinds of medicine without investigator
permission.

Baseline study visits and prophylactic agent administration
took place on first hour of ascent of any eligible participant
and included assessment of demography, general physical ex-
amination, and pulse oximetry. Next study visits were per-
formed after 24 hours and included interviews to determine
AMS symptoms and severity. Other visits were considered
based on individual demands and complaints during study
course. There was no subsequent follow-up after 24 hours to
assess delayed response in either group.

Face-to-face interview was held to ask whether each sub-
ject experienced AMS symptoms including headache, dizzi-
ness and light-headedness, anorexia, nausea and vomiting, in-
somnia, and fatigue and weakness. AMS incidence was
measured by Lake Louise AMS score � 3 with headache and
at least one other symptom (1991 International Hypoxia
Symposium).7 Severe AMS was considered if a score � 5 was
present. Pulse oximetry was measured again after 24 hours.

The primary efficacy end point of the study was the num-
ber of participants remaining free of AMS within 24 hours.
Secondary clinical end points were severity of AMS and
headache. Adverse events were assessed and reported by the
assessor at each scheduled and unscheduled visit.

Statistical Analysis
Initial sample size calculation, from data from Dean and col-
leagues8 and due to final AMS free participants proportion,
showed that 51 participants per group would be needed for a
27% relative treatment effect (� � 0.05, two-sided;
power � 80%), on the assumption of an estimated dropout
rate of 5%. A total of 177 guests were admitted to the hotel
during the study period; 34 were either younger than 18 or
older than 60 years, 39 refused to participate, and 2 had
serious hypertension or cardiovascular disease. The Figure
demonstrates the flow diagram of the study.

Analyses were by intention to treat and per protocol.
Therefore, all 102 eligible healthy volunteers who were ran-
domized were included in the analysis. The data, obtained
and recorded, were entered in SPSS 11.0 for Windows soft-
ware (SPSS, Chicago, IL). Using �2 test (Fisher’s Exact test
when appropriate), we analyzed a possible association be-
tween sumatriptan prophylaxis and main end points. Mann–
Whitney U test was used to calculate quantitative differences
between two groups of sumatriptan and placebo. Number
needed to treat and relative risk reduction were calculated for
sumatriptan. Binary logistic regression was used to obtain re-
lated odds ratios. Skewed variables were reported as median
(interquartile range [IQR]), and 95% confidence interval was
reported for continuous measures. Also, 95% confidence in-
tervals were calculated for all proportions. Only two-sided p
values less than 0.05 were considered significant.

Results
A total of 102 subjects were randomized; 73 (71.6%)
were male and 29 (28.4%) were female subjects.
Ninety-seven participants completed the study and five
(three men, two women) did not attend the final in-
terview because of private reasons (see Fig). Partici-
pants ranged in age from 18 to 55 years; no significant
difference was seen in median age between placebo
group (median � 24; IQR � 7.50) and sumatriptan
group (median � 25, IQR � 13.25). Baseline charac-
teristics of both treatment and placebo groups are
shown in Table 1.

Per Protocol Analysis
AMS was registered in 30 (30.9%) participants; 12
(12.4% of total participants) of them were severe AMS

Fig. Flow diagram of the trial.
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patients. There were 9 (18.8%) participants in the
sumatriptan group who suffered from AMS during
their stay; this was lower than the placebo group in
which 21 (42.9%) subjects reported experiencing AMS
(p � 0.01). Sumatriptan-related odds ratio in AMS
prevention was 0.23 (95% confidence interval, 0.11–
0.48). Accordingly, a relative risk reduction of 56.18%
and a number needed to treat of 4.15 were calculated.
Although Lake Louise AMS score was lower in the
sumatriptan group (median � 3, IQR � 3) than pla-
cebo group (median � 1.5, IQR � 2.75; p � 0.005),
no significant difference of severe AMS (Lake Louise
score � 5) prevalence was observed between two
groups of sumatriptan (5 [10.4%]) and placebo (7
[14.3%]) (p � 0.56).

Fourteen (29.2%) participants in the sumatriptan
group reported mild to severe headache during 24
hours after ascent, whereas 27 (55.1%) in placebo
group suffered from headache (p � 0.01). Significant
relationship was not seen between sumatriptan prophy-
laxis and severity of headache (p � 0.08). SaO2 did
not differ between the two groups after 24 hours (p �
0.27). Table 2 shows prevalence of moderate to severe
AMS symptoms in both sumatriptan and placebo
groups.

Intention-to-Treat Analysis
After considering 5 dropout participants as severe AMS
patients, we calculated an AMS occurrence of 35
(34.3%) and a severe AMS of 17 (16.7%). AMS was
still more prevalent in the placebo group (23 [45.1%])
than in the sumatriptan group (12 [23.5%]) (p �
0.02). In accordance with AMS prevalence in intention
to treat, relative risk reduction was 51.31% and num-
ber needed to treat was 5.68. Headache also had a
greater rate among placebo users (placebo vs

sumatriptan group: 29 [56.9%] vs 17 [33.3%]) (p �
0.02). No significant relationship was detected between
sumatriptan prophylaxis and either AMS (p � 0.79) or
headache (p � 0.08) severity.

Adverse Effect
The only notable adverse effect was a facial skin rash
and flushing in a 35-year-old woman who used to take
daily tetracycline capsules for skin acne. Flushing alle-
viated immediately and rash disappeared after 12 hours
without any serious manipulation.

Discussion
Major findings of this study are shown in Table 3.
Dexamethasone and acetazolamide, the most popular
prophylactic agents for prevention of AMS, are associ-
ated with specific adverse effects, and only high doses
of acetazolamide are effective for prevention of AMS.3

Thus, there is an important need to have more options
and investigate extra alternatives. There is no available
evidence that shows the efficacy of sumatriptan pro-
phylaxis in AMS and altitude headache. Our results
showed low-dose sumatriptan given once at early as-
cent to a high-altitude provides significant preventive
effect against subsequent AMS and high-altitude head-
ache with a relative risk reduction of 51.3 to 56.2%.

High-altitude–induced hypoxemia ultimately might
lead to sustained vasodilation, increased cerebral blood
flow, altered permeability of the blood–brain barrier,
and cerebral edema. These changes result in brain
swelling and increased intracranial pressure.9,10,12 Neu-
roimaging confirms vasogenic edema not only in indi-
viduals with moderate to severe AMS,11 but also in un-
affected individuals.2 AMS may also develop when the
trigeminovascular system is activated at high altitude
by both chemical and mechanical stimuli.12

Table 1. Demographic Characteristics

Characteristics (n � 102) Sumatriptan 95% CI Placebo 95% CI pa

Median age (IQR), yr 25 (13.2) 25.04–30.59 24 (7.50) 23.51–27.92 0.49

Female sex, n (%) 14 (27.5) 17.1–41.0 15 (29.4) 18.1–43.0 0.83

Median SaO2 (IQR) 90 (16.0) 88.58–90.63 90 (6.5) 89.15–91.58 0.25

Median systolic blood pressure (IQR),
mm Hg

110 (12.5) 104.80–113.00 105 (12.5) 100.85–108.74 0.13

Median diastolic blood pressure
(IQR), mm Hg

70 (10.0) 68.37–74.42 70 (20.0) 65.04–71.29 0.15

Median heart rate (IQR), beats/min 90 (20.0) 85.98–95.82 90 (30.0) 86.62–96.44 0.79

Cigarette smoker, n (%) 28 (54.9) 41.4–67.7 27 (52.9) 39.5–66.0 0.67

Chronic headache patient,b n (%) 4 (7.8) 3.1–18.5 3 (5.9) 2.0–15.9 �0.99

Skier, n (%) 40 (78.4) 65.4–87.5 41 (80.4) 67.5–89.0 0.81
a’f0 values to compare means were computed by using Mann–Whitney U test. �2 (Fisher’s Exact if appropriate) test was considered for
dichotomous data. bSix headache patients had previously diagnosed migraine and used to take analgesics (no triptan) by the time of
headache flare-up. One headache patient in the sumatriptan group had established recurrent tension headache. CI � confidence interval;
IQR � interquartile range.
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Sumatriptan is a selective agonist of vascular seroto-
nin 5-HT1B/1D receptor subtypes.5 Sumatriptan selec-
tively constricts specific large cranial blood vessels (in-
creasing blood flow velocity in the internal carotid and
middle cerebral arteries) and arteriovenous anastomoses
in the carotid circulation, without compromising cere-
bral or extracerebral blood flow.5 Sumatriptan also has
moderate vasoconstrictor activity in coronary, pulmo-
nary, and systemic circulation.13,14 Oral or subcutane-
ous sumatriptan has been associated with small, tran-
sient increases in blood pressure.15 Sumatriptan
inhibits activation of the trigeminal vascular system
and associated release of vasoactive neuropeptides, thus
preventing subsequent vasodilation, inflammation, and
plasma extravasation.5

The success of sumatriptan for high-altitude head-
ache has been inconsistent.1 Utiger and colleagues16

performed a randomized trial on 29 mountaineers with
at least moderate headache on the day of arrival at
4,559m. They showed that 100mg sumatriptan taken
orally was not effective in treatment of altitude head-
ache patients and had only a transient impact.16 Other
trials also show transient therapeutic effect of
sumatriptan in altitude headache.17,18

Negative response in previous studies might relate to
low sample size. However, why prophylaxis with
sumatriptan is more effective than therapeutic use

might relate to prevention of plasma protein extravasa-
tion and edema formation.19 In consideration of the
fact that relief of headache by sumatriptan is often
transient and even migraine was reported to recur in as
much as 30 to 50% of the treated subjects at low al-
titude,20 sumatriptan may just discontinue plasma pro-
tein leakage after formation of edema, and thus does
not have a key role in alleviation of a formed altitude
headache. Nevertheless, this point of view should be
confirmed in further pathogenesis studies.

In addition, because time by itself will help relieve
symptoms of high-altitude headache,1,2 earlier inhibi-
tion of headache (especially milder forms) using
sumatriptan might result in permanent headache pre-
vention. Self-limiting nature of high-altitude headache
might explain why a drug with a short half-life could
be expected to prevent AMS over a longer period.

Our study is the largest randomized trial in which a
triptan was used in dealing with AMS. These findings
may support the idea that high-altitude sickness and
altitude headache respond to stimulation of 5-HT1B/1D

receptors. Our results are also consistent with theories
that suggested dilation of intracranial arteries and/or
neuropeptide-related inflammatory response may cause
high-altitude headache.1,2 These findings do not indi-
cate that AMS symptoms other than headache might
benefit from sumatriptan. Low-dose sumatriptan also

Table 3. Previous Knowledge and Present Major Findings

What was previously known
1. Acute mountain sickness is a cerebral abnormality that may develop in unacclimatized persons shortly after ascent
to high altitude.
2. Headache is the cardinal symptom of acute mountain sickness.
3. Acetazolamide and dexamethasone that have been used to prevent acute mountain sickness are associated with spe-
cific adverse effects.

Major findings of this study
1. Low-dose sumatriptan prophylaxis might prevent acute mountain sickness at 3,500m with a relative risk reduction
of 51.3 to 56.2%.
2. Sumatriptan reduces global acute mountain sickness score. However, by definition, severe acute mountain sickness
is not affected.
3. Sumatriptan does not significantly affect hemoglobin oxygen saturation and acute mountain sickness symptoms
other than headache.

Table 2. Prevalence of Moderate to Severe Acute Mountain Sickness Symptoms

Symptom
(n � 97)

Sumatriptan Group,
n (%)

95% CI Placebo Group,
n (%)

95% CI pa

Headache 8 (16.7) 8.7–29.6 15 (30.6) 19.5–44.5 0.11

Dizziness 2 (4.2) 1.2–14.0 1 (2.0) 0.4–10.7 0.62

Nausea and vomiting 3 (6.3) 2.2–16.8 3 (6.1) 2.1–16.5 �0.99

Fatigue 1 (2.1) 0.4–10.9 2 (4.1) 1.1–13.7 �0.99

Sleep difficulty 15 (31.3) 20.0–45.3 20 (40.8) 28.2–54.8 0.33
aAll ’f0 values were calculated by using �2 test (Fisher’s Exact test if appropriate).
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does not affect hemoglobin oxygen saturation or severe
AMS symptoms. Therefore, further studies are needed
to compare sumatriptan prophylactic efficacy and other
routine prophylactic medications (especially acetazol-
amide and dexamethasone) in AMS and altitude head-
ache. Moreover, greater and divided-continuous doses
of sumatriptan or another long-acting triptan (eg, elet-
riptan) and combination of triptans and traditional
prophylactic agents should be considered. However,
cardiovascular side effect of triptans, especially in those
with established risk factors, remains an important con-
cern and limitation.
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