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Abstract
Objective:We aimed to assess the efficacy of oxygen inhalation therapy in emergency department (ED)
patients presenting with all types of headache.
Method: We performed a prospective, randomized, double-blinded, placebo-controlled trial of patients
presenting to the ED with a chief complaint of headache. The patients were randomized to receive
either 100% oxygen via nonrebreather mask at 15 L/min or the placebo treatment of room air via
nonrebreather mask for 15 minutes in total. We recorded pain scores at 0, 15, 30, and 60 minutes using
the visual analog scale. At 30 minutes, the patients were assessed for the need for analgesic
medication. Patient headache type was classified by the treating emergency physician using
standardized diagnostic criteria.
Results: A total of 204 patients agreed to participate in the study and were randomized to the oxygen
(102 patients) and placebo (102 patients) groups. Patient headache types included tension (47%),
migraine (27%), undifferentiated (25%), and cluster (1%). Patients who received oxygen therapy
reported significant improvement in visual analog scale scores at all points when compared with
placebo: 22 mm vs 11 mm at 15 minutes (P b .001), 29 mm vs 13 mm at 30 minutes (P b .001), and
55 mm vs 45 mm at 60 minutes (P b .001). When questioned at 30 minutes, 72% of patients in the
oxygen group and 86% of patients in the placebo group requested analgesic medication (P = .005).
Conclusion: In addition to its role in the treatment of cluster headache, high-flow oxygen therapy may
provide an effective treatment of all types of headaches in the ED setting.
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1. Introduction

Headache is a common symptom in patients presenting to
the emergency department (ED), accounting for 2% percent
of ED visits [1,2]. Primary type headache disorders including
migraine or tension-type headaches are diagnosed in most of
these patients presenting with headache. The main goals of
ED management include evaluation for possible life-
threatening causes of headache, such as infection or
hemorrhage, and provision of rapid and effective relief of
pain [3]. Although primary headache disorders may result
from distinct epidemiologies, these headache types have also
demonstrated overlapping responses to therapy. The use of
nonsteroidals, triptans, dihydroergotamine, and the antie-
metic dopamine antagonists may play a therapeutic role for
each of these acute headache types [1].

The use of oxygen inhalation therapy in cluster headaches
is well established and is used routinely in this treatment
area. It is unknown, however, whether oxygen may be
effective in the treatment of other types of headache.
Although the exact mechanism of oxygen efficacy in cluster
headaches is unclear, it has been postulated that the cerebral
vasoconstrictive effect contributes to its effectiveness [4].

Possible benefits of oxygen treatment for patients with
headache include rapid pain relief, reduction in the need for
additional analgesia, and decreased length of ED stay.
Furthermore, oxygen may provide an effective treatment
option in combination with other medications. Considering
the overlapping responses of other headache therapies, we
hypothesized that oxygen may be used as an effective
treatment for ED patients presenting with all types of
headache. The intention of our study was to assess the
efficacy of high-flow oxygen therapy in all types of headache
by evaluating the effect of oxygen on pain scores, the need
for additional analgesia, and ED length of stay (LOS).
2. Methods

2.1. Study design and setting

During the 14-month period from September 2009 through
October 2010, we conducted a prospective, double-blinded,
placebo-controlled, randomized trial in the Gulhane Military
Medical Academy Emergency Department, an urban, aca-
demic, tertiary care referral center located in Ankara, Turkey,
with an annual census of 120 000 patient visits. The study
was approved by the institutional review board, and
informed consent was obtained from all participants.

2.2. Selection of participants

We consecutively enrolled a convenience sample of adult
ED patients (age, 18-55 years) who presented with a chief
complaint of headache andwho had an initial clinical diagnosis
of primary headache disorder after evaluation by the treating
physician. Patients who had a suspected etiology of secondary
headache, a history of cerebrovascular disease, a history of
chronic obstructive pulmonary disease, or a documented or
suspected pregnancy were excluded from the study.

2.3. Interventions

Patients were randomized to receive 100% oxygen via
nonrebreather mask (NRB) at 15 L/min or the placebo
treatment of room air via NRB. Patients were randomly
assigned to the treatment or placebo group according to a
computer-generated randomization table. We asked our
technical department to change the wall outlet in one room
for the study. We used this special room and wall outlet
system for all patients who were enrolled. Patients in the
placebo group were connected to the wall outlet system that
appeared to be oxygen but was actually room air. After the
treating physician decided the patient's eligibility for the
study, a study nurse applied oxygen or room air according to
the randomization scheme. Patients and the treating
physicians were blinded to the treatment. Either oxygen or
placebo was administered for 15 minutes in total.

2.4. Methods of measurement

Patient data including demographics, medical history, and
physical examination findings were recorded by the treating
physician. All patients were asked to quantify their pain on a
standard visual analog scale (VAS) from 0 to 100 mm, with
0 representing “no pain,” and a score of 100 indicating “worst
possible pain.” The treating physician recorded patient VAS
scores and verbal pain scale scores at 0, 15, 30, and 60minutes.
At 30 minutes, the treating physician asked the patients if they
needed rescue analgesia, and additional analgesia was at the
discretion of the treating physician. Emergency department
LOS was recorded at discharge. Patient headache type was
classified by the treating emergency physician using Interna-
tional Headache Society diagnostic criteria [5].

2.5. Outcome measures

The primary outcome measure was the relative reduction
in pain VAS score for oxygen group vs placebo group at each
time point. Secondary outcomes measures included the need
for rescue analgesia and ED LOS. We determine a priori that
a minimum of 79 patients would be needed in each treatment
group to detect a 13-mm difference between groups,
assuming a SD of 25 mm, with 90% power and a 2-sided
α level of .05.

2.6. Primary data analysis

Descriptive statistics are presented as frequency (percent-
age) for categorical variables, whereas continuous data are
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presented as mean ± SD for normally distributed data and
median interquartile range for nonnormally distributed data.
We compared continuous variables (pain VAS scores, ED
LOS) using Student t test and proportions (need for
additional analgesia), with χ2 test with P b .05 considered
statistically significant (SPSS v. 15.0 [SPSS, Chicago, IL]
and MedCalc v. 11.3).
3. Results

Two hundred thirty-eight patients were screened for
eligibility for the study, and 34 of these patients were
excluded. Most patients who were excluded met at least 1 of
the predefined exclusion criteria, whereas a few of these
Table 1 Comparison of baseline characteristics

Oxygen (n = 102)

Age (y) 36 ± 11
Sex (% female) 66% (n = 67)
Diagnosis
Migraine 26% (n = 27)
Tension-type headache 50% (n = 51)
Cluster headache 1% (n = 1)
Undifferentiated 22% (n = 23)
Medication before ED arrival 80% (n = 82)
Duration of the pain (min) 184 ± 114
Previous ED presentation for headache 54% (n = 55)
History of migraine 21% (n = 22)
History of tension-type headache 23% (n = 24)
patients declined to consent to participate (Fig. 1). A total of
204 patients agreed to participate in the study and were
randomized to the oxygen (102 patients) and placebo (102
patients) groups. All analyses were undertaken on an
intention-to-treat basis.

Mean patient age was 35.9 ± 11.5 years, and 67.2% were
female. Patient headache types included tension (47%),
migraine (27%), undifferentiated (25%), and cluster (1%)
and were evenly distributed between the 2 treatment groups.
Other baseline characteristics were also evenly distributed
between groups (Table 1).

Patients who received high-flow oxygen therapy reported
a significantly greater reduction in VAS scores at all points
when compared with placebo: 22 mm vs 11 mm at 15
minutes (P b .001), 29 mm vs 13 mm at 30 minutes (P b
95% CI Placebo (n = 102) 95% CI P

34-38 35 ± 12 33-37 .499
56-74 69% (n = 70) 59-77 .75

19-36 28% (n = 29) 20-37 .86
40-59 44% (n = 45) 35-54 .47

1% (n = 1) .48
15-32 27% (n = 28) 20-37 .52
71-87 78% (n = 80) 69-85 .34
162-206 188 ± 122 164-212 .76
48-62 56% (n = 57) 52-70 .88
16-25 25% (n = 26) 20-29 .56
14-24 20% (n = 21) 17-26 .73
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.001), and 55 mm vs 45 mm at 60 minutes (P b .001). When
questioned at 30 minutes, 72.5% of patients in the oxygen
group and 86.3% of patients in the placebo group requested
analgesic medication (P = .005). Emergency department
LOS was similar between the 2 groups (65.9 minutes vs 66
minutes, P = .324) (Fig. 2; Table 2).

In subgroup analysis according to the initial diagnosis,
patients with migraine reported higher pain scores compared
with patients with tension-type headache (5.9 vs 4.7).
However, the reduction of pain VAS scores was similar
between the 2 groups (Table 3).

3.1. Limitations

There are several limitations to our study. Primarily, ours
was a single center study, which needs to be replicated in a
large, multicenter study design. Given potential differences
in demographics and patient types, these results may not be
reproducible in other populations.

In addition, we preferred to give high flow 100% oxygen
via NRB at 15 L/min, a rate used in previous cluster
headache studies. The optimal oxygen flow and duration for
Table 2 Comparison of outcome measures

Outcome Oxygen
(n = 102)

Placebo
(n = 102)

P

Presentation VAS score,
Mean ± SD

77 ± 16 72 ± 15 .036

15-min VAS score 54 ± 19 60 ± 19 .03
30-min VAS score 47 ± 21 58 ± 21 .001
60-min VAS score 20 ± 20 26 ± 17 .036
VAS change at 15 min. 22 ± 16 11 ± 12 .001
VAS change at 30 min 29 ± 21 13 ± 15 .001
VAS change at 60 min 55 ± 22 45 ± 18 .001
Need for analgesia 72.5% (n = 74) 86.3% (n = 88) .005
ED LOS (min) 65.9 ± 32.7 66.9 ± 20.7 .324
all types of headache, however, are not known. It may be that
with migraine and tension-type headaches, a longer duration
(30-60 minutes) with a lower flow rate (6-10 L/min) would
be more effective for treatment. Further study is needed to
clarify these parameters.

Finally, our study used a follow-up period of regular
intervals up to 60 minutes. This relatively brief evaluation
period may represent an additional limitation of our research
design. By focusing only on the period immediately after
therapy, we did not evaluate patients for recurrent headache
or return ED visits for headache. Ideally, additional studies
evaluating the efficacy of oxygen treatment would extend
this follow-up period to note potential longitudinal benefits.
4. Discussion

Our study demonstrated that oxygen may be useful in
the treatment of all types of headaches in patients
presenting to the ED. Oxygen was effective both in
reducing the pain scores and the need for additional
analgesia in patients with primary headache disorders.
Patients who received oxygen reported significant improve-
ment in VAS scores at all points (15, 30, 60 minutes) when
compared with placebo. This difference in scores reached
its maximum at 30 minutes.

Although we found that oxygen was effective in the
treatment of all headache types, this effect was not as
dramatic as that described in studies that examined oxygen
therapy in cluster headache alone. Cohen et al [4] reported
that 78% of patients with cluster headaches treated with
oxygen were pain-free at 15 minutes compared with 20% of
the placebo group. Similarly, Kudrow [6] reported that 75%
of patients with cluster headache treated with oxygen were
pain-free at 15 minutes, whereas Fogan [7] reported a
success among patients with cluster headache of 80% in the
oxygen group vs 7% in placebo. In our study, most of the
patients with cluster headaches were pain-free at 15 minutes



Table 3 Subgroup analysis of migraine and tension-type headaches

Migraine Tension type

Oxygen Placebo P Oxygen Placebo P

VAS score, Mean ± SD
Presentation 80 ± 14 80 ± 14 .083 72 ± 18 68 ± 15 .319
15 min 59 ± 17 70 ± 14 .014 47 ± 17 55 ± 20 .050
30 min 52 ± 19 67 ± 18 .004 42 ± 22 56 ± 20 .003
60 min 17 ± 14 30 ± 14 .003 22 ± 25 22 ± 15 .974
VAS score change
15 min 20 ± 13 10 ± 11 .004 24 ± 18 12 ± 12 b.001
30 min 27 ± 21 13 ± 18 .012 29 ± 21 12 ± 12 b.001
60 min 61 ± 14 50 ± 19 .019 48 ± 28 45 ± 16 .420
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with high-flow oxygen treatment. This was not the case with
all headaches types in our study, and patients treated with
high-flow oxygen still reported pain scores as high as 54 mm
in 15 minutes and 47 mm at 30 minutes. Most likely, the
pathophysiologic relationship between oxygen and cluster
headaches is stronger than that between migraine and
tension-type headache.

To our knowledge, this is the first clinical trial evaluating
the efficacy of normobaric oxygen in all types of headache.
Some previous studies have evaluated the effect of
hyperbaric oxygen treatment (HBOT) in migraine and
cluster-type headaches. A recent systematic review con-
cluded that there is some evidence that HBOT is effective
for the termination of acute migraine in an unselected
population [8]. In a small, placebo-controlled, randomized
study, Sabato et al [9] found that HBOT aborted acute
tension-type headache in most patients. The results of these
studies are consistent with our study results, providing some
evidence for the effectiveness of oxygen on all types of
primary headaches.

The use of oxygen therapy in the ED setting rests
primarily in its ease of use, simplicity in administration, its
relatively low expense, and the potential decrease in the need
for additional analgesia. We did demonstrate in our study
that oxygen administration resulted in a statistically
significant reduction in the need for rescue analgesia.
Potential ED treatment algorithms for patients with headache
may include the use of oxygen in conjunction with the other
analgesics or initiation of oxygen therapy with reevaluation
for the need for analgesia. Given the ready accessibility and
low expense of oxygen therapy in the ED setting, as well as
the very-low-risk profile, there would seem to be few
deterrents to the use of high-flow oxygen in headache. If
additional randomized trials support our findings, oxygen
therapy could become a standard of care for patients with
headache in the ED.

One of the secondary end points we evaluated in our study
was whether oxygen use would decrease ED LOS. We found
similar times to discharge times in the oxygen and the placebo
groups, despite a lower rate of the need for additional
analgesia in the oxygen therapy group. Emergency depart-
ment LOS is multifactorial, and it would seem that, in a busy
ED environment, rapid initiation of oxygen therapy upon
patient arrival would provide a more timely treatment
modality than administration of intravenous or oral analgesia.
Implementation of oxygen therapy in the clinical setting may
demonstrate effects on ED LOS, which we did not note with
the requirements of our study's randomization and reevalua-
tion process.

High-flow oxygen therapy may provide an effective
treatment for ED patients presenting with all types of primary
headaches. The effects of oxygen are rapid and may decrease
the need for analgesic medications. Physicians may wish to
use this as an initial treatment for patients presenting with
headache or as an adjunct to standard headache therapies.
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