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Efficacy of Oxygen Treatment Using Home Oxygen
Concentrators for the Treatment of Cluster Headaches:
A Randomized, Crossover, Multicenter Study
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able for use in triptan-contraindicated patients such as those
with coronary artery disease. It can also be used during preg-
nancy and lactation, with it reducing the risk of medication
overuse. A high-flow oxygen regimen is recommended for
acute treatment by inhaling 100% oxygen at a 6-12 L/min
flow rate via a nonrebreather facemask for 15 min after the
onset of pain.>*

However, oxygen treatment might not be feasible in some
countries due to the difficulty in accessing and prescribing
oxygen tanks. Limitations in insurance coverage may also
restrict the use of oxygen tanks for treating CHs;’ the re-
sponses to a previous survey indicated that oxygen treat-
ment was only reimbursed in 50% of countries worldwide.®
Oxygen treatment is unfortunately not covered by insurance
for patients with CH in South Korea, and the coverage most-
ly comprises concentrators that can only produce oxygen at
a maximum flow rate of 5 L/min. Oxygen concentrators fil-
ter nitrogen from ambient air to produce oxygen-rich gas.
Compared with oxygen tanks, oxygen concentrators have
the benefit of not needing to be refilled; however, typical
concentrators have limitations in maximum oxygen con-
centration (£98%) and flow rate (<5 L/min). Our previous
exploratory study found that oxygen treatment using two
connected home concentrators to provide high-flow oxygen
was effective in reducing or ceasing CH pain.’

In this randomized, crossover, multicenter study, we aimed
to determine the effectiveness and safety of oxygen using
two home oxygen concentrators compared with zolmitrip-
tan in the acute treatment of episodic CHs.

METHODS

Patients

This prospective study included adults aged 18-65 years
with episodic CHs from headache clinics at eight hospitals
in South Korea between November 2021 and November
2022. CH was diagnosed based on the third edition of the
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International Classification of Headache Disorders." All pa-
tients were interviewed by experienced neurologists special-
izing in headache disorders and were primarily evaluated
using brain imaging to confirm the CH diagnosis. To mini-
mize intertreatment effects, the study included patients who
met the following criteria: 1) experiencing at least 3 days of
CH attacks within 1 week, 2) agreeing to a minimum inter-
val of 1 day between oxygen and zolmitriptan for acute treat-
ment, and 3) agreeing to maintain current preventive medi-
cation until the study protocol was completed. Patients were
excluded if they had a coexisting migraine or tension-type
headache that could not be differentiated from CH or other
primary headaches, had chronic obstructive pulmonary dis-
ease, or had previously received oxygen treatment using a
concentrator. Patients who received previous treatment with
an oxygen tank or a 5-HT}g/1p receptor agonist were included.

Study setting

The study protocol was explained to the patients who pro-
vided informed consents to participate. The research proto-
col was approved by the Ethics Committee of the Dongtan
Sacred Heart Hospital (IRB No. 2021-08-018). This study
was approved by the IRB of each participating hospital.

The patients received oxygen or zolmitriptan for four CH
attacks as a crossover trial. Each patient received an oxygen
treatment session for two CH attacks and two zolmitriptan
treatment sessions for two other attacks, with a minimum
1-day washout period between each treatment. The order of
each treatment session sequence for each patient was gen-
erated randomly and assigned by the study coordinator us-
ing the R program ver. 2022.02.0+443; R Studio, Boston, MA,
USA (Fig. 1). Both treatments were administered only in
cases with moderate or severe pain (score of 3 or higher on
a scale from 0 to 4). Zolmitriptan (5 mg) was used as a treat-
ment through oral administration. For oxygen treatment, two
stationary oxygen concentrators (Everflo, Philips Respironics,
Murrysville, PA, USA) were connected to obtain a 10 L/min

Randomization ‘ 1st attack ‘

2nd attack

Zolmitriptan Zolmitriptan Zolmitriptan Zolmitriptan

>
»

3rd attack 4th attack

Fig. 1. Schematic of the crossover design in the study.
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flow rate through a nonrebreather face mask. Any attacks oth-
er than those assessed in the study were treated using oxy-
gen or zolmitriptan based on the choice of the patient, and
information about those treatments was not collected. Each
patient completed a structured questionnaire before and af-
ter each treatment, and pain severity was assessed at the be-
ginning and 15, 30, 60, and 120 min after treatment. Rescue
medication was administered 30 min after treatment initia-
tion. The possible options for rescue medication included
triptans, non-steroidal anti-inflammatory drugs, and other
analgesics, with no restrictions imposed.

Clinical evaluation and endpoints

Patients were interviewed by the investigators and complet-
ed a structured questionnaire on headache characteristics.
Demographic data and clinical information were collected,
including CH characteristics during the current bout (attack
frequency and duration), diurnal rhythmicity, use of preven-
tive medication for CH, presence of coexisting migraines,
smoking status, and alcohol consumption.

Pain severity was rated on a five-point scale from 0 to 4: 0
for pain free 1 for mild pain, 2 for moderate pain, 3 for severe
pain, and 4 for very severe pain."’ The primary endpoint was
pain relief, defined as a pain score of less than 2 points (i.e.,
0 or 1) at 15 min. The secondary endpoints included pain-
relief and pain-free statuses at each time point (15, 30, 60,
and 120 min), the need for rescue medication, attack dura-
tion, pain severity over time, treatment effectiveness, and
patient preferences. The patients recorded the date and time
of the attack, the time of treatment and rescue medication
administration, and the end of the attack during the treat-
ment session. The effects of treatment on controlling pain
and accompanying symptoms (autonomic symptoms or
restlessness) were assessed on the following five-point rating
scale: ineffective, low effectiveness, moderate effectiveness,
highly effective, and very highly effective, with “highly ef-
fective” and “very highly effective” considered good treat-
ment effects.

Statistical analysis
The required sample size was calculated using a statistical
power of 0.80 and a type I error rate of 0.05 based on the
results of our previous exploratory study.” A dropout rate of
33.3% was assumed, which yielded a sample size of 38. We
selected 40 patients as the size of each group considering the
risk of a slightly higher dropout rate in a randomized clini-
cal trial.

Data were presented as numbers with percentages or me-
dians with interquartile ranges (IQRs). The Kolmogorov—-
Smirnov test was used to determine whether variables con-
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formed to a normal distribution. Comparisons of within-
subject response rates between the oxygen and zolmitriptan
treatments were performed using the McNemar test for
paired proportions. The correlation between pain relief at
15 min after treatment and the regimen (oxygen or zolmi-
triptan) was analyzed using logistic regression with the gen-
eralized estimating equations (GEEs) methodology to ac-
count for intrasubject correlations, after adjusting for age
and sex. Attack durations were compared using the Wilcox-
on signed-rank test. Pain severities over time were compared
using repeated-measures analysis of variance. If the curves
were found to differ significantly, a Bonferroni-correction
post-hoc analysis was used to compare pairs at the same time
point. Statistical analyses were conducted using IBM SPSS
software (version 22.0, IBM Corp., Armonk, NY, USA). Sig-
nificance was set at a two-tailed probability value of p<0.05.

RESULTS

Patients

A flowchart of the study is shown in Fig. 2. During the study
period, 40 patients with episodic CHs were recruited and
randomly assigned to receive either oxygen-then-zolmitrip-
tan (n=20) or zolmitriptan-then-oxygen (n=20) treatment.
After excluding 8 patients for the reasons listed in Fig. 1, 32
completed the study. Among them, 31 patients underwent 2
oxygen and 2 zolmitriptan treatments for 4 CH attacks in ad-
dition to 1 patient who received 1 oxygen treatment for 1 CH
attack due to not having experienced more attacks. The de-
mographics and CH characteristics did not differ significant-
ly between the treatment groups (Supplementary Table 1 in
the online-only Data Supplement). Finally, 125 attacks were
treated (63 using oxygen and 62 using zolmitriptan) among
the 32 included patients.

Table 1 lists the demographics and characteristics of the
included patients (n=40) and those who were actually treat-
ed (n=32). The median age of the patients who were treated
was 40.0 years (IQR, 31.0-44.8 years), with males predomi-
nating (87.5%). The median age at CH onset was 25.0 years
(IQR, 22.0-32.0 years). Coexisting migraine presented in
25% of the patients, and 62.5% had diurnal rhythmicity. Pre-
ventive medication was maintained in 56.3% (n=18) of the
patients, in which steroids, verapamil, and lithium were used
by 37.5%, 46.9%, and 12.5%, respectively. No significant dif-
ferences were observed between included patients with CH
and those who were treated (Table 1).

Primary and secondary endpoints
Table 2 and Fig. 3 present the proportions of patients who
achieved pain relief and pain free after treatment. Signifi-
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40 patients with CH were enrolled in the
study and were treated with oxygen and
zolmitriptan in 4 CH attacks

4

Randomization of treatment session sequence
(attack treated using oxygen first vs.
zolmitriptan first)

v

20 patients with CH were treated with
oxygen in the first 2 CH attacks and
zolmitriptan in the other 2 CH attacks

Y

20 patients with CH were treated with
zolmitriptan in the first 2 CH attacks and
oxygen in the other 2 CH attacks

Non-eligibility:
—»| - Withdrawal of consent (n=1)

- No CH attacks during the study (n=1)

A4

17 patients with CH completed the study protocol
1 patient with CH treated 1 CH attack using oxygen

Non-eligibility:
- No CH attacks during the study (n=4)
- Incomplete questionnaires (n=1)
- No use of oxygen deliver (n=1)

Y

14 patients with CH completed the study protocol

Fig. 2. Flow diagram of the study. CH, cluster headache.

Table 1. Patient demographics and characteristics

Table 2. Efficacy endpoint results

Included Treated

(n=40) (n=32)
Age, years 38.5([31.0-44.0] 400 [31.0-44.8]
Sex, male 35 (87.5) 28 (87.5)

Body mass index, kg/m? 24.1[21.0-255]  23.8[21.0-25.8]

Education

High-school graduation 4(10.0) 3(9.4)

College graduation 36 (90.0) 29 (90.6)
Smoking 17 (42.5) 13 (40.6)
Alcohol consumption 20 (50.0) 15 (46.9)
Coexisting migraine 10 (25.0) 8 (25.0)
Age at CH onset, years 250[22.0-31.5]  25.0[22.0-32.0]
Diurnal rhythmicity 24 (60.0) 20 (62.5)
Attack frequency during 1.0[1.0-1.5] 1.0[1.0-1.5]

the current bout
Attack duration during 90.0 [52.5-120.0]  90.0 [60.0-120.0]
the current bout

Preventive medication for CH

None 18 (45.0) 14 (43.8)
Steroid 15 (37.5) 12 (37.5)
Verapamil 17 (42.5) 15 (46.9)
Lithium 4(10.0) 4(12.5)

Data are median [interquartile range] or number (%) values.
CH, cluster headache.

cantly more attacks achieved pain relief after an attack at 15
min after treatment using oxygen inhalation than using zol-
mitriptan (n=20/63 [31.7%] vs. n=8/62 [12.9%], p=0.013).

Oxygen Zolmitriptan p
No. of attacks treated 63 62
Pain-relief status
15 min 20 (31.7) 8(12.9) 0.013
30 min 36 (57.1) 24 (38.7) 0.082
60 min 55(87.3) 42 (67.7) 0.011
120 min 58 (92.1) 54(87.1) 0.508
Pain-free status
15 min 8(12.7) 5(8.1) 0.254
30 min 20 (31.7) 9(14.5) 0.021
60 min 42 (66.7) 27 (43.5) 0.018
120 min 51(81.0) 44.(71.0) 0.180
Need for rescue medication 11 (17.5) 14 (22.6) 0.194
Attack duration, min 50 [30-60] 70 [40-120]  0.003

Data are median [interquartile range] values for the attack duration or
number (%) values for the number of attacks.

Pain relief at 15 min after treatment using oxygen inhalation
was superior to that when using zolmitriptan in the GEE anal-
ysis (p=0.012). More attacks achieved pain-free states at 30
min after treatment through oxygen inhalation than through
zolmitriptan (n=20/63 [31.7%] vs. n=9/62 [14.5%], p=0.021).
The median attack duration was significantly shorter for ox-
ygen than for zolmitriptan treatment (50 min [IQR, 30.0-
60.0] vs. 70 min [IQR, 40.0-120.0 min], p=0.003). There was
no significant difference between the groups in rescue medi-
cation use; this was required for 17.5% of the attacks in the
oxygen group and for 22.6% of those in the zolmitriptan
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Oxygen
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Fig. 3. Comparison of pain-relief and pain-free rates between oxygen and zolmitriptan treatments. *Significant differences in the pain-relief rate be-
tween the two treatments at one time point; 'Significant differences in the pain-free rate, between the two treatments at one time point.
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Fig. 4. Comparison of the effect on pain severity between oxygen and
zolmitriptan. An asterisk indicates a significant difference (p<0.01) at
one time point in a post-hoc repeated-measures ANOVA with Bon-
ferroni correction.

group (p=0.194). The median time between onset and tak-
ing rescue medication did not differ significantly between
the two groups, at 50.0 min (IQR, 33.0-70.0 min) and 67.5
min (IQR, 33.0-114.8 min) for the oxygen and zolmitriptan
groups, respectively (p=0.547).

Fig. 4 shows the temporal course of pain severity accord-
ing to treatment group. Comparing the time curves reveals
a significant difference between the oxygen and zolmitrip-
tan groups over time (p<0.001). In the post-hoc analysis per-
formed to determine significance at individual time points,
oxygen induced more significant pain improvement at 30
and 60 min after treatment than did zolmitriptan (p=0.009
and p=0.007, respectively).

Table 3 lists patient reports of satisfaction with the treat-
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Table 3. Patient satisfaction with the treatment effect

Oxygen Zolmitriptan
Effect on pain control
Ineffective 0(0) 2 (6.5)
Low effectiveness 3(9.7) 6(19.4)
Moderate effectiveness 2 (6.5) 6(19.4)
Highly effective 13 (41.9) 14 (45.2)
Very highly effective 13 (41.9) 3(9.7)
Effect on accompanying-symptoms control
Ineffective 0(0.0) 3(9.7)
Low effectiveness 3(9.7) 5(16.1)
Moderate effectiveness 6(19.4) 9(29.0)
Highly effective 11 (35.5) 13 (41.9)
Very highly effective 11 (35.5) 1(3.2)

Data are number (%) values (n=31, one patient did not complete the
questionnaire).

ment effect. Thirty-one patients completed the question-
naires after participating in the entire study protocol. All pa-
tients reported that oxygen affected pain control and relief
of the accompanying symptoms, whereas 6.5% and 9.7%,
respectively, reported that zolmitriptan was ineffective. Re-
garding pain control, 83.8% of the patients reported good
treatment effects from oxygen compared with 54.9% from
zolmitriptan (p=0.022). For accompanying-symptoms con-
trol, there was no significant difference in the prevalence of
good treatment effect reports between the two groups (71.0%
vs. 45.1%, p=0.057). Nineteen patients (61.3%) expressed a
preference for oxygen, three (9.7%) preferred zolmitriptan,
and nine (29.0%) had no preference.



Safety of oxygen

No adverse events were observed from oxygen treatment,
while four patients reported side effects from the zolmitrip-
tan treatment: muscle heaviness (n=1), nausea (n=2), and
bradycardia (n=1). One patient reported difficulty using ox-
ygen treatment at home but still preferred it over zolmitriptan.

DISCUSSION

Our key findings were as follows: 1) for the primary end-
point, treatment using two home oxygen concentrators pro-
vided more-effective pain relief from CH attacks at 15 min
after treatment than did using zolmitriptan, 2) more attacks
were pain-free at 30 min after oxygen treatment than after
zolmitriptan treatment, and the pain severity was also sig-
nificantly improved at this time point following oxygen treat-
ment, and 3) all patients reported that oxygen treatment had
an effect on pain control and most were satisfied with this treat-
ment effect.

Approximately one-third of the attacks in our study achieved
pain relief at 15 min after oxygen treatment, which was more
effective than after zolmitriptan treatment. Previous cross-
over trials have yielded the proportion of participants who
responded to oxygen treatment administration versus con-
trols.>*'"'*> Fogan® compared the effectiveness of oxygen at a
6 L/min flow rate relative to atmospheric air. They evaluat-
ed pain severity on a scale from 0 to 3 and found that 56%
(n=9/16) of the participants experienced complete or sub-
stantial relief (score of 2 or 3) from oxygen treatment in at
least 80% of their attacks. In contrast, only 7% (n=1/14) of
the participants responded similarly to the placebo treat-
ment. Cohen et al.” similarly investigated the effectiveness of
acute oxygen treatment at a 12 L/min flow rate, and found
a significant difference in the proportion of attacks success-
tully treated using oxygen versus high-flow air. Specifically,
receiving oxygen resulted in a pain-free or adequate-pain-
relief status at 15 min in 117 of 150 attacks (78%), whereas
this was achieved in only 30 of 148 attacks (20%) treated us-
ing high-flow air. A recent study conducted at a tertiary head-
ache center failed to demonstrate the efficacy of oxygen treat-
ment among demand valve oxygen mask, O2ptimask, and
a simple mask at flow rates of 15 L/min." That study com-
pared the treatments with a placebo delivered via a demand
valve oxygen mask over 15 min. The pain-relief rate for oxy-
gen treatment in our study (31.7%) was comparable to that
obtained by Petersen et al."* (29% using a simple mask); how-
ever, it was lower than the rates obtained in previous studies
(56%—82%). The reason for these discrepancies may be dif-
ferences in study conditions, such as primary endpoint as-
sessments and preventive medication use. We assessed pain
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relief as mild or no pain on a five-point rating scale, which
was stricter than that used in some previous studies. Indeed,
zolmitriptan also achieved a lower pain-relief rate at 15 min
in our study (12.9%) compared with a previous study that as-
sessed the effects of zolmitriptan at 10 mg and 5 mg (22.8%
and 22.9%, respectively) using improvements of 2 points or
greater on a five-point rating scale.”” In addition, the propor-
tion of patients who received preventive medication in our
study was much higher than that in the previous trial, which
might have led to differences in the efficacy of the oxygen
and zolmitriptan treatments.” The demographic features in
our study encompassed patients from a tertiary headache
center with a median CH duration of 15 years. These patients
may be more challenging to treat, which may have contrib-
uted to the relatively low pain-relief rate.

In addition to the positive primary endpoints, we observed
that oxygen treatment had a tendency toward greater im-
provement in pain severity over time, reduced attack dura-
tion, and greater patient satisfaction than zolmitriptan. The
cumulative frequency of pain relief was as high as 57% after
30 min of oxygen treatment, with 31.7% of the patients report-
ing no pain. In one previous study, oxygen treatment achieved
pain relief or a pain-free status at 30 min in 72% of attacks,’
whereas 63.3% and 54.2% of patients treated using zolmi-
triptan at 10 and 5 mg, respectively, achieved pain relief at
the same time point.”” As mentioned above, demographic
and methodological differences may have influenced these
differences. Regarding patient satisfaction, oxygen treatment
achieved a good pain-control effect in our study (83.8%), which
was higher than the rate achieved in previous studies.>"
However, it was difficult to establish exact criteria for com-
parison. Cohen et al.” observed a treatment effect in 60% of
CH attacks, whereas Pearson et al."* observed complete ef-
fectiveness in 13% and very effective treatment in 41% of
their patients. These secondary endpoints further support
the effectiveness of the oxygen treatment method.

In this study we achieved a high flow rate for oxygen by
connecting two home oxygen concentrators. Connecting
two oxygen concentrators can deliver high oxygen concen-
trations in military or limited oxygen resources." This meth-
od was intended to make it feasible for patients with CHs to
cost-effectively receive oxygen treatment because the Kore-
an National Health Insurance service does not cover the ox-
ygen-tank regimen as recommended by the guidelines.** Ox-
ygen concentrators offer several advantages over traditional
oxygen tanks.' They do not require regular tank refilling or
replacement and provide a continuous oxygen supply, thus
eliminating the need for frequent tank changes. Regarding
safety, no adverse events were observed in patients treated
using oxygen in our study. Based on the positive results ob-
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tained when using the oxygen concentrators in our study,
we suggest that these devices are a viable treatment option
for patients with CH in countries that face medical-insur-
ance- or cost-related challenges. However, further research
is necessary to confirm the efficacy of this treatment.

A major strength of our study was the determination of
the efficacy of oxygen concentrators for acute treatment of
CHs using a randomized, crossover, multicenter trial. We
also calculated the required sample size while also consider-
ing the dropout rate, and recruited an adequate number of
patients to obtain statistically significant results. To the best
of our knowledge, this was the first randomized trial involv-
ing Asian patients with CH. However, this study had some
limitations. First, it did not include a placebo or blinding pro-
cess. However, our results may be less biased because we used
an active control group that received zolmitriptan, which
has been demonstrated to be superior to placebo in previ-
ous trials."” Second, we could not recruit a large sample due
to the low prevalence of CH and the difficulty in enrolling
patients with active CH. Third, the low dose of zolmitriptan
used in our study may have resulted in an inadequate com-
parisons of treatment efficacy. A previous study found that
oral zolmitriptan at doses of 5 and 10 mg was effective in the
acute treatment of CH compared with a placebo.”” We as-
sumed that the dosage was significant since more than half
of the patients in our study reported a good treatment effect
from zolmitriptan.

In conclusion, based on our findings, oxygen using two home
oxygen concentrators can provide better pain relief than oral
zolmitriptan for the acute treatment of episodic CH. We sug-
gest that treatment using a home oxygen concentrator may
be an alternative option for the acute treatment of CH.
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