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Abstract
Background: A significant proportion of people with migraine do not achieve sufficient relief of their acute
migraine symptoms with the currently available medications. A previous study showed that intranasal
evaporative cooling reduced headache and migraine-associated symptoms when given in an outpatient
clinic setting. This study aimed to evaluate the feasibility of self-administering the same intervention for
acute migraine in an at-home setting. The findings of this study were intended to inform the design and
implementation of a planned full-scale randomized controlled trial (RCT).

Methods: We conducted a prospective single-group clinical feasibility trial in southern Sweden. Participants
meeting the criteria for episodic migraine, with or without aura, were recruited through local
advertisements. After a screening period, during which two migraine attacks were registered and evaluated
under usual care, participants treated their next three migraine attacks at home with 10 minutes of
intranasal cooling (RhinoChill®, BrainCool AB, Lund, Sweden). The primary outcome was a reduction in
headache, nausea, photophobia, and phonophobia immediately after treatment. The secondary outcome
was tolerability, and treatment effects within 24 hours.

Results: Six out of 15 participants completed the study, using the cooling treatment for three consecutive
migraine attacks. The main reasons for drop-out were pain/discomfort from treatment and lack of effect. A
total of 23 treatments were registered by 10 participants. Small effects on pain and other migraine symptoms
were observed immediately after treatment. The treatment was considered very unpleasant (Visual
Analogue Scale 7.3/10) and not superior to usual care.

Conclusions: The RhinoChill® intranasal cooling treatment at home was found to be non-feasible due to
pain and discomfort, resulting in a high drop-out rate. Additionally, it had only minor effects on migraine
pain and symptoms. The findings of this study led to the cancellation of a planned full-scale RCT.

Categories: Family/General Practice, Neurology
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Introduction
Migraine is ranked as the second most disabling disorder globally according to the Global Burden of Disease
(GBD) study 2019 [1]. The climb from the previous ranking (sixth most disabling disorder, GBD 2016) is partly
due to that 70% of medication overuse headache burden has now been reattributed to migraine [2]. The
recent ranking highlights two major concerns, the first being that migraine has considerable economic
consequences for the patient and for society [3], and the second being that acute migraine treatment in itself
may cause a vicious circle with medication overuse and increased disability [4]. Hence, the need to find new
solutions to alleviate migraine symptoms and its consequences is significant.

Scientific documentation about cooling treatments as a means for treating headaches dates back to at least
1849 [5]. In the modern era, applying cooling treatments is the most common self-administered pain-
relieving maneuver in persons with migraine without aura, and the second most common maneuver (after
compression) in persons with migraine with aura [6]. Several cold interventions (e.g., cold-gel headband,
cold-gel cap, intraoral cooling), have proven to be effective in acute migraine pain reduction [7-11].

Migraine is a neurovascular disorder linked to trigeminal nerve activation and sensitization [12].
Nociceptive nerve fibers from the trigeminal ganglion innervate meningeal and large cerebral arteries.
Activation of these structures results in cranial vasodilatation mediated by the release of vasoactive
neuropeptides including the calcitonin gene-related peptide (CGRP) 2 [13].

The proposed mechanisms of how cold interventions relieve migraine symptoms include that cold induces
vasoconstriction with decreasing blood flow and that cooling induces analgesia through decreased velocity
of nerve conduction [10]. It is also possible that cold therapy has a more direct effect on the
trigeminovascular pain signaling system through effects on temperature-sensitive transient receptor
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potential (TRP) channels found in trigeminal ganglion [14]. TRPM8
(Transient Receptor Potential Melastatin 8), which mediates cold sensation, has been linked to migraine
pathophysiology in genome-wide association studies (GWAS) [15].

In 2015 a prospective observational pilot study was performed in Great Britain to investigate the effect of
the RhinoChill® (BrainCool AB, Lund, Sweden) intranasal cooling system for the acute relief of migraine in
an adult population [16]. The pilot study was performed in a hospital out-patient clinic and showed a
statistically significant reduction of pain and associated symptoms of migraine at five and 10 minutes
(during treatment) and at one and two hours following treatment along with a significant effect on pain and
migraine-associated symptoms at 24 hours (all p values <0.001). The results were based on 20 administered
treatments to 15 participants.

If intranasal cooling is to be relevant as a treatment for a larger migraine population, it needs to be self-
administered by the patient at home.

The aim of this subsequent pilot study was to evaluate the feasibility, effect, and tolerability of self-
administered RhinoChill® intranasal cooling on migraine headaches and migraine-associated symptoms in
an at-home setting.

The primary objective of the trial was as follows: (1) to assess treatment effect on migraine symptoms
directly after treatment.

The secondary objectives of the trial were as follows: (1) to assess the tolerability of treatment and any side
effects/adverse events, and (2) to assess the effect on migraine symptoms at one, two, and 24 hours after
treatment.

The results from this pilot study were intended to further develop and improve the intervention and study
design prior to the implementation of a large-scale multicenter randomized control trial (RCT) in Sweden
and Norway. The pilot study was initiated by the sponsor, BrainCool AB.

Materials And Methods
Trial design
We conducted a single-group clinical pilot trial, evaluating the effect and tolerability of self-administered
RhinoChill® intranasal cooling for the acute treatment of migraine headaches and migraine-associated
symptoms in an at-home setting.

Important changes to methods after trial commencement
Due to slow recruitment in autumn 2020, the recruitment strategy was changed from using the Lund
University (LU) website and LU Facebook to also including advertisements in the local newspaper. In autumn
2020, a new inclusion criterion was also introduced: "Living in the Malmö-Lund area", since many of those
who expressed interest in participating in the study lived too far from Lund for participation to be possible.

Setting, participants, and recruitment
The study was conducted in 2021 in Lund, a city in Sweden’s southernmost region. Lund has approximately
92,000 inhabitants, and LU students make up about a third of the city’s population.

Participants were recruited through an advertisement in the local city paper, on the LU website, and on LU
Facebook. People who were interested in participating were able to register through e-mail or telephone.
They were then contacted by a researcher/physician by telephone for a brief eligibility check and to book a
first meeting at the BrainCool office in Lund. At the baseline visit, performed by the same
researcher/physician who conducted the telephone interview, eligibility criteria were once more proved via
an interview (see inclusion and exclusion criteria below) and anterior rhinoscopy was conducted to exclude
intranasal obstruction. The participants also received a demonstration of the RhinoChill® cooling device
and were able to test the insertion of the silicon nose-canula through which the evaporative coolant is
administered. If the participant remained interested in participating in the study after the information,
informed consent was obtained.

The study was approved by the Regional Ethical Review Board in Lund, Sweden (Dnr: 2019/05471) 2020-05-
08, and was registered at Clinicaltrials.gov (NCT04660864), https://clinicaltrials.gov/study/NCT04660864.

Inclusion Criteria

Of age 18-70 years, meeting the International Classification of Headache Disorders (2nd edition) [17] criteria
for episodic migraine, with or without aura, migraine diagnosis >1 year, migraine attacks two to eight
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times/month, living in Malmö-Lund area and, reliable contraception (fertile women).

The inclusion criterion of at least two migraine attacks per month was set to avoid prolonged screening and
intervention periods. The upper limit of eight attacks per month was established to exclude individuals with
chronic migraine.

Exclusion Criteria

Any change of migraine prophylaxis within three months prior to the study commencing, failure of
participant to adhere to protocol requirement, smoker or smoker in participant’s household, prior nose
surgery or intranasal obstruction, pregnancy, breastfeeding, or planned pregnancy during the trial period,
oxygen dependency, medical history of skull base fracture or severe facial trauma or, no migraine attacks
during prolonged screening phase (60 days).

During a screening period of one month with treatment as usual, participants were instructed to record their
migraine symptoms, any given treatment, and treatment effects. After a minimum of two migraine attacks,
the participants received individual instructions on how to use the RhinoChill® system during a home visit
from the BrainCool support team.

During the following treatment period, participants were instructed to treat their upcoming three migraine
attacks with 10 minutes of nasal cavity cooling and register symptoms at 10 minutes (directly after
treatment), one hour, two hours, and 24 hours, respectively. Symptom scores were registered on paper
forms that were sent through postal mail to the researchers. The participants were asked to avoid rescue
medication within the first two hours after cooling treatment to enable them to distinguish between cooling
and medicine treatment effects.

After three treatments a new home visit was booked, where the BrainCool support team retrieved the device
and registered any side effects/adverse events. Participants could provide feedback on the intervention using
free-text sections on the paper forms.

Intervention
The RhinoChill® intranasal cooling device, which is produced by the medical device company BrainCool AB,
consists of a control unit, a silicone intranasal catheter, and a one-liter bottle of coolant (Figure 1).
RhinoChill® as a cooling method works by spraying a mix of liquid coolant, perfluorohexane, and oxygen or
air (~20 liters per minute), via nasal catheters onto the upper surface of the nasal cavity where it evaporates
and absorbs heat from the tissue, thereby cooling the tissue and the innate vasculature that supplies blood
to the brain.

FIGURE 1: RhinoChill® intranasal cooling system.
(A) Schematic, (B) picture of the control unit and intranasal catheter, and (C) connected device in use.

The images are provided by BrainCool AB.

The coolant used is perfluorohexane (PFH), a six-chain perfluorocarbon. PFH is a colorless, odorless,
radiolucent liquid. PFH belongs to a class of perfluorocarbon fluids that are fully fluorinated with no
functional reactive groups.

The 6 cm long intranasal catheters have spray ports on the upper surface to distribute coolant into the nasal
cavity, upwards towards the base of the skull (Figure 2). The device cools down the nasal cavity, and
indirectly the circulation to parts of the brain. After each use, the nasal catheter was cleaned and disinfected
to maintain its clinical cleanliness for reinsertion during subsequent treatments.
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FIGURE 2: RhinoChill® intranasal migraine silicon catheter (6
centimeters) with spray ports on the upper surface.

Outcome measures
The primary outcome was a reduction of migraine symptoms (headache, nausea, photophobia, and
phonophobia symptoms, scored none 0, mild 1, moderate 2, severe 3) directly after treatment. We chose to
evaluate migraine symptoms using a relatively simple four-point verbal rating scale to maintain high
response rates, despite the extensive assessment form.

Secondary outcome measures were divided into tolerance/safety measures and effect measures.

Tolerance/Safety Measures 

Tolerance to RhinoChill® cooling (Visual Analogue Scale (VAS) 1-10 for pain/discomfort) and adverse
events.

Effect Measures

Reduction of migraine symptoms at one, two, and 24 hours post-treatment, use of rescue migraine
medication, time to freedom of pain, time to freedom of all migraine symptoms, treatment response
compared to standard medication/screening period.

Statistical analysis
No power calculation was made for this study since it was not designed to detect statistically significant
effects, but rather to gather preliminary data, identify potential issues, and refine the study protocols for
larger clinical trials. We aimed to enroll 15 participants in the study, as this was the same number included
in the RhinoChill® outpatient pilot study conducted in 2015 [16].

Results
Between August 2020 and April 2021, a total of 44 individuals were assessed for eligibility by telephone
interview and at the baseline visit (Figure 3). Due to non-eligibility, a total of 29 were subsequently
excluded. Of the 15 participants who signed the informed consent form, 12 completed screening (March-
May 2021) and started the treatment period (May-November 2021). Five individuals (42%) dropped out after
the first treatment due to pain/discomfort from treatment and lack of effect on migraine. Six participants
completed the study with three cooling treatments.
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FIGURE 3: Recruitment flowchart.

The baseline characteristics of the 15 included participants and of those seven who fulfilled at least two
cooling treatments are shown in Table 1. The mean age was 41 years and the participants had, on average,
4.5 migraine attacks per month. The proportion of women was 80%. All participants used triptans as an
acute migraine treatment, and 60% also used either paracetamol or non-steroidal anti-inflammatory drugs
(NSAIDs). Around 25% used prophylactic migraine treatment. There were no significant differences between
those who were included and the group that completed at least 2/3 cooling treatments (Table 1).
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   Included (n=15) Completed  ≥ 2 treatments (n=7)

Demographics   

-Age in years, mean (min-max) 41 (20-62) 35 (20-52)

-Female 12 (80%) 6 (86%)

-BMI (kg/m2), mean 24.2 23.5

-Years since migraine diagnosis, mean (min-max) 20 (4-50) 19 (4-33)

-Average number of migraine attacks/month 4.5 5.1

-Migraine with aura 5 (33%) 1 (14%)

Active acute migraine medications   

-Triptans 15 (100%) 7 (100%)

-Paracetamol 2 (13%) 2 (29%)

-NSAID/ASA 8 (53%) 4 (57%)

Prophylactic migraine medications   

-Prophylactic treatment, ≥1 medications 4 (27%) 2 (29%)

-Tricyclic antidepressant, amitriptyline 1 (7%) 1 (14%)

-Angiotensin II receptor blocker, candesartan 3 (20%) 1 (14%)

-CGRP antagonist, erenumab 2 (13%) 1 (14%)

TABLE 1: Baseline characteristics of included participants and of participants who completed ≥ 2
treatments.
NSAID, non-steroidal anti-inflammatory drug; ASA, acetylsalicylic acid; CGRP, calcitonin gene-related peptide. 

A total of 26 treatments were performed by 12 participants, of which 23 treatments were reported according
to the clinical research form by 10 participants. The remaining three treatments were not reported because
the subject chose to terminate their participation in the study (n = 2) and due to incomplete treatment
caused by device failure (n = 1).

Headache intensity was reported on a four-graded scale (0 = none, 1 = mild, 2 = moderate, 3 = severe).
Immediately after 10 minutes of cooling treatment, the headache intensity decreased from 1.9 to 1.3, as
compared to a decrease in headache from 2.2 to 2.0 during the first 10 minutes of the screening period
(Table 2). Nausea decreased by 0.2 points, photophobia by 0.2 points, and phonophobia by 0.3 points after
10 minutes of RhinoChill® treatment, which was in line with the results from the screening period.

 
Screening period (n=13) Mean
± SD

Treatment period (≥1 treatment) (n=12) Mean
± SD

Pain (headache)   

-Baseline (start of registration/time of medication) 2.2 ± 0.7 1.9 ± 0.6

-10 minutes 2.0 ± 0.7 1.3 ± 1.0

-1 hour 1.6 ± 0.5 1.6 ± 0.8

-2 hours 1.0 ± 0.8 1.4 ± 0.7

-24 hours 0.4 ± 0.5 0.1 ± 0.2

Nausea   

-Baseline (start of registration/time of medication) 0.9 ± 1.0 1.0 ± 0.8
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-10 minutes 0.5 ± 0.7 0.8 ± 0.6

-1 hour 0.6 ± 0.6 0.8 ± 0.8

-2 hours 0.4 ± 0.7 0.7 ± 0.9

-24 hours 0.2 ± 0.3 0.0 ± 0.1

Photophobia   

-Baseline (start of registration/time of medication) 1.3 ± 0.7 1.4 ± 0.6

-10 minutes 1.2 ± 0.9 1.2 ± 0.6

-1 hour 0.8 ± 0.4 1.1 ± 0.5

-2 hours 0.3 ± 0.4 0.9 ± 0.5

-24 hours 0.2 ± 0.4 0.0 ± 0.1

Phonophobia   

-Baseline (start of registration/time of medication) 1.2 ± 0.8 1.1 ± 0.7

-10 minutes 1.0 ± 0.8 0.8 ± 0.8

-1 hour 0.6 ± 0.7 0.8 ± 0.7

-2 hours 0.3 ± 0.4 0.7 ± 0.6

-24 hours 0.2 ± 0.3 0.0 ± 0.0

Time to freedom of pain (hours) 12.0 ± 10.0 13.0 ± 13.6

Time to freedom of all migraine symptoms (hours) 25.3 ± 16.9 16.0 ± 13.6

Acute migraine medication   

-Number of participants taking ≥1 migraine
medication

13 (100%)  

-Triptans 7.5 (58%)  

-Paracetamol 0.5 (4%)  

-NSAID/ASA 5 (38%)  

Repeated medication during migraine attack 5 (38%)  

Use of acute rescue medication   

-Proportion of participants taking rescue
medication

 60%

-Proportion triptans of medication taken  65%

-Proportion paracetamol of medication taken  6%

-Proportion NSAID/ASA of medication taken  29%

Time to rescue medication (hours)  5.5 (5.8)

TABLE 2: Registered migraine symptoms; comparison between screening period (treatment as
usual) and treatment period (cooling treatment).
0 = none, 1 = mild, 2 = moderate, 3 = severe.

NSAID, non-steroidal anti-inflammatory drug; ASA, acetylsalicylic acid.

During 60% of the cooling treatments participants took rescue medication, on average 5.5 hours after
migraine onset. Time to freedom of pain was similar between the cooling and screening (13 and 12 hours,
respectively). Time to freedom of all migraine symptoms was shorter during cooling treatment compared to
screening (16 and 25 hours, respectively). There were no serious adverse events reported during the study,
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but several side effects/non-serious adverse events (Table 3).

 Before treatment After treatment

Sinus pressure 13% (3/23) 35% (8/23)

Blocked nose 4% (1/23) 39% (9/23)

Runny nose 0 43% (10/23)

Nosebleed 0 22% (5/23)

Nose discomfort 0 61% (14/23)

Dry eyes 4% (1/23) 4% (1/23)

Time until symptoms ceased after treatment (hours)  13.5 (14.8)

TABLE 3: Symptoms before and after treatment, percent (times reported/total number of
treatment sessions) unless stated otherwise.

The side effects were self-limiting and non-serious in nature, but bothersome and in some cases long-
lasting. The most reported side effects were nose discomfort (61%) and runny nose (43%). In approximately
one-fifth of the treatment sessions, the participants experienced nosebleeds. 

On a VAS from 0 - 10 (no discomfort - unbearable) the cooling treatment experience was rated 7.0 on
average by those completing two or more treatments, and 7.4 on average by all participants completing at
least one treatment.

One device error was reported, where the device turned off eight minutes into treatment. The device was
rated as being easy to use in the feedback, but the treatment itself as unpleasant, and with insufficient effect
on headaches. If the device was available for purchase, only one study participant thought it was better than
their current acute treatment and stated they would use it for their migraine. The other 11 participants who
tried the device stated they would not buy it (Figure 4). Recurring comments in free text concerned pain
during cooling treatment and discomfort due to running coolant from the nose and throat.

FIGURE 4: Functionality of device.
Feedback from 11 participants after 23 treatment sessions (one to three treatments/person).

Discussion
We found that self-administered intranasal cooling with the RhinoChill® device at home in acute migraine
attacks may have small short-term effects on headache, and that time to freedom of all migraine symptoms
may decrease. However, the treatment was considered unpleasant, painful, and less effective than regular
acute migraine medication, thus leading to a large drop-out rate. The results of this study, showing the non-
feasibility of the intranasal cooling intervention with the RhinoChill® device at home, led to the
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cancellation of the planned RCT.

Since a large proportion of people with migraine experience insufficient effects from currently available
medications [18,19], the use of complementary and alternative medicine for treating migraine is widely
accepted and applied [20,21]. It is important to evaluate the effect and safety of alternative treatments,
highlight good examples, and advise against ineffective or harmful ones. To our knowledge, this is the first
study to evaluate intranasal cooling treatment in an at-home setting.

We acknowledge that a major limitation of this study is the small sample size and lack of a control group. We
aimed to get a sample size of 10-15 participants to be able to conduct this pilot study. The large drop-out
rate after the first administered treatment left a small number of treatments. However, the number of
completed treatments was greater in our study than in the previous RhinoChill® outpatient clinic study.
Despite a large dropout rate, we managed to get feedback from all participants who tried at least one
treatment and were thus able to establish that the main reason for the dropout was pain and a perceived lack
of effect from the treatment. The recruitment method used in the study is likely to target individuals who are
seeking or open to novel treatment methods, and thus may not be representative of a standardized
population. This could introduce biases in both efficacy and treatment adherence. Likely, a population
without this selection bias would have had less tolerance for the discomfort associated with the cooling
treatment.

A strength of the study is that the screening period registrations serve as controls for the comparison of
effect between cooling treatment and usual care.

The previous RhinoChill® pilot study showed a statistically significant reduction of pain and associated
symptoms after treatment of acute migraine attacks in the hospital outpatient clinic with the RhinoChill®
device [16]. The participants in the in-hospital pilot study from 2015 did not report the same degree of
discomfort as the participants in this study, possibly because of the out-patient clinic setting and the fact
that treatment delivered by healthcare professionals gives the patient a better sense of safety than when
they must self-administer it alone in their home [16]. Another explanation as to the different study results
could be that the silicone catheter was reduced in length from 10-6 cm for our study, which could have led to
reduced cooling and thus a reduced effect on pain. On the other hand, this change was made because the
previous study showed an effect regardless of how far the catheter was inserted into the nose. The larger
catheter would also have been harder to handle in the at-home setting.

Our study showed that the time to freedom from all migraine symptoms may decrease with cooling compared
to usual treatment. However, these results are difficult to evaluate because a majority of the participants
took rescue medication in addition to cooling.

Although our study results were discouraging to some extent and led to the cancellation of a planned large-
scale RCT with the current RhinoChill® device, there are several intervention studies that have shown
promising results from cooling treatment for acute migraine [7]. However, many of these studies have been
small and of questionable power to determine clinically relevant effects. Larger studies are needed given the
high number of individuals suffering from migraine and the high number of those not responding to triptans
or having contraindications for the use of triptans. If nasal cavity cooling were to be introduced as a new
kind of acute migraine treatment it would have to be further developed, so that the discomfort reported
during treatment was minimized, and the effect on migraine pain and associated symptoms stronger than
what was seen in this pilot study.

Conclusions
RhinoChill® intranasal cooling treatment in an at-home setting was found to be unpleasant and had only
small effects on migraine pain. The results from this pilot study were intended to further develop and
improve the intervention and study design prior to the implementation of a large-scale multicenter RCT in
Sweden and Norway. However, the results instead led to the cancellation of the planned large-scale RCT.

It is important that we continue exploring and developing new non-pharmacological treatments for persons
with migraine. Further development of more user-friendly and less cumbersome methods of delivering cold
therapy can be one such goal.
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