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Abstract We describe the case of a 40-year-old woman,
affected by episodic cluster headache, who presented with
a cluster headache triggered by exposure to high altitude.
Her attacks were refractory to sumatriptan, very effective
at sea level, but responded to oxygen. A pathophysiological
mechanism is proposed.
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Introduction

Cluster headache (CH) is a primary headache, classified
into 2 subforms [1]: episodic (ECH 3.1.1) and chronic
(CCH 3.1.2). Activation of the ipsilateral hypothalamic
region and other regions normally associated with the
analysis of painful stimuli (the prefrontal cortex, basal
ganglia, thalamus, cingulate cortex, insula and cerebellum)
can be demonstrated during CH attacks [2], however, the
pathophysiology of CH remains unclear. For the acute
treatment of CH attacks, in both subforms, oxygen inha-
lation (100%) with a flow rate of at least 7 1/min over
15 min and 6 mg subcutaneous sumatriptan are first choice
treatments [3]. It has been reported that exposure to
hyperbaric oxygen can effectively interrupt a cluster
headache attack and to prevent the recurrence over 2 to
3 days following treatment [4]. However, recent Cochrane
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review suggests that there is insufficient evidence for the
use of hyperbaric oxygen therapy in acute treatment of CH,
and there are thus no convincing reasons to prefer this
treatment over normobaric therapy [5].

Although a recent investigation aimed to identify pre-
dictors of efficacy for CH treatment with oxygen versus
triptans, a possible role for altitude was not considered [6].

Case report

We report the case of a 40-year-old woman who had
suffered, since she was aged 25 with ECH. These typically
recurred in 1 or 2 clusters per year (December—January
and June—July), each lasting about 3 weeks. There were
1-2 attacks/day; these abated within minutes of receiving
an injection of 6 mg sumatriptan sc. In 2008, she was
traveling by car toward the mountains where she intended
to vacation. A typical CH attack began at about 1,400 m
of altitude that she reached via a rapidly-ascending
road. This was the first time she had been exposed to
high altitude during a cluster period. She immediately
attempted to treat her attack via sumatriptan injection; this
was without success and the injection was repeated once
after 5 min, also without remission. However, the attack
was over about 35 min by which time she reached her
destination, a village at an altitude of 1,500 m. The fol-
lowing day she complained of two further attacks, which
again failed to respond to sc sumatriptan. Repeated blood
pressure measurements gave normal values. One of us
(E.M.) was contacted for assistance. Therapy was started
immediately with oral prednisone 60 mg/day associated
with verapamil tablets 160 mg/day, medications stated by
the patient to have been effective in other similar instan-
ces. She was also instructed to try the inhalation of 100%
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oxygen, 7 1/min by facial mask for 15 min, a therapy she
had not previously experienced. Oxygen was procured
from a local pharmacy, and the next attack was therefore
treated with oxygen. This obtained complete remission
within about 5 min. This rapid result was also obtained in
further recurrent attacks taking place over the next 5 days
while she remained at altitude; sumatriptan was not
administered again. After this week she returned to her
hometown, situated at the sea level. The day following her
return she complained an attack that was treated with sc
sumatriptan, this time with a rapid remission. Recurrent
attacks over the following days were treated successively
with sc sumatriptan and/or oxygen inhalation, and pro-
gressively diminished in frequency, and ceased about
7 days later. The patient completed the short-term pro-
phylaxis with prednisone (about 15 days) and continued
long-term prophylaxis with verapamil for about one
month after the last attack. At follow-up 8 months later
she did not report further attacks.

Discussion

Pivotal treatments in acute CH attacks are oxygen and
sumatriptan. Previous literature reports indicate that about
60% of CH patients respond to oxygen with a substantial
pain reduction within 20-30 min, a higher response rate
has been reported with sumatriptan (about 75%) [7]. The
standard treatment with oxygen is inhalation (100%), with
a flow of at least 7 1/min over 15 min [3], but some evi-
dence suggests that a higher flow rate (15 1/min) can fur-
ther improve the efficacy [8].

A recent study investigating the possible predictors of
treatment responses to oxygen versus sumatriptan in CH
patients, found that younger age predicted a successful
triptan response, while nausea/vomiting as well as rest-
lessness negatively predicted a successful response to
oxygen therapy. In univariate analysis, the efficacy of
oxygen was not predicted by the efficacy of triptans and
vice versa [6]. This study also found no positive predic-
tors of oxygen treatment efficacy, although a possible role
of altitude was not considered [6]. An Ethiopian epide-
miological study [9] on a highlands rural community
found that CH prevalence was significatively lower than
the mean prevalence in western countries [10, 11] sug-
gesting that chronic hypoxia, with subsequent adaptation,
does not play a significant role in triggering CH. Never-
theless, this study had some technical limitations and low
prevalence may not be specifically attributed to high
altitude. Indeed, Kudrow [12, 13] has reported that acute
altitude and/or hypoxia can both act as triggers for CH
attacks.
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To the best of our knowledge, this is the first report of
excellent therapeutic action of oxygen inhalation in CH
attacks occurring at relatively high altitude. In the present
case, sc sumatriptan was very effective in treating CH at
sea level, but this medication appeared wholly ineffective
at high altitude. Also there are no previous reports
addressing the use of oxygen in CH cases refractory to
sumatriptan or, conversely, of sumatriptan efficacy in
oxygen-refractory CH cases.

What could be the explanation of the fact that sc
sumatriptan lost its effectiveness at moderately high
altitude? Goadsby and Edvinsson [14] showed that both
sumatriptan and oxygen could normalize elevated calci-
tonin gene-related peptide (CGRP) levels in jugular vein
blood during acute CH attacks, and, thus, stopped
the activation of the trigeminovascular system. In addi-
tion, Huber and Lampl [15] reported, in a single patient,
that oxygen relieved both pain and cutaneous cold and
brush allodynia within CH attacks; sumatriptan was not
tried.

Both oxygen and sumatriptan are considered to medi-
ate therapeutic effects in CH through their vasoconstric-
tive action [16-20]. Whereas sumatriptan is known to act
as an agonist of 5-hydroxy-triptaminelg receptors (SHT-
15) located on the vascular wall [20], but it is not clear
whether the effects of oxygen action are direct or are
receptor-mediated. Previous work has indicated that
multiple mechanisms govern local cerebral blood flow;
the parenchyma, the cerebrovascular endothelium, spe-
cific brain O,-sensitive neurons and perhaps also the red
blood cells have all been suggested to play regulatory
roles [21].

Recent experimental evidence has addressed the mech-
anism of action of oxygen in CH. Oxygen was not found to
exert any direct effect on trigeminal afferents, but instead
acts specifically on the parasympathetic/facial nerve pro-
jections to the cranial vasculature so as to inhibit both
evoked trigeminovascular activation and activation of the
autonomic pathway during CH attacks. Moreover, these
studies have begun to establish a new laboratory model for
the most painful primary headache syndrome known—
cluster headache [22].

In the case reported here, we hypothesize that exposure
to high altitude further stimulated vasodilation, making the
receptor-mediated action of sumatriptan inadequate. In this
case, where oxygen supplementation maintained its thera-
peutic effect on CH while the condition failed to respond to
sumatriptan, supports the view that the vasoconstriction
mediated by oxygen operates through a different regulatory
pathway from the HTlg receptor-mediated action of
sumatriptan.

In conclusion, we believe that future research on this
topic is required to better clarify pathophysiological
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mechanisms of action of oxygen and sumatriptan in the
treatment of CH attacks.
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