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Kinetic Oscillation Stimulation as Treatment of A cute
Migraine: A Randomized, Controlled Pilot Study

Jan-Erik Juto, MSc, MD, PhD; Rolf G. Hallin, MD, PhD

Objective.—To assess the relief of migraine pain, especially in the acute phase, by comparing active treatment, ie, kinetic
oscillation stimulation (KOS) in the nasal cavity, with placebo.

Background.—Exploratory trials testing the efficacy of KOS on migraine patients indicated that this treatment could be a
fast-acting remedy for acute migraine pain.

Method.—Thirty-six patients were randomized 1:1 using a placebo module to active or placebo treatment in this double-
blinded parallel design study. Treatment was administered with a minimally invasive inflatable tip oscillating catheter. Symptom
scores (0-10 visual analog scale) were obtained before treatment, every S minutes during treatment, at 15 minutes, 2, and 24
hours post-treatment, as well as daily (0-3 migraine pain scale) from 30 days pretreatment until Day 60 post. Thirty-five patients
were evaluated (active n = 18, placebo n = 17). The primary end-point was the change in average pain score from before
treatment to 15 minutes after treatment.

Results.—Patients who received active treatment reported reduced pain, eg, average visual analog scale pain scores fell
from 5.5 before treatment to 1.2 15 minutes after, while the corresponding scores for recipients of placebo fell from 4.9 to 3.9.
The changes in pain scores differed between the 2 treatments by 3.3 points (95% confidence interval: 2.3, 4.4), P < .001. Already
5 minutes into the treatment, the difference (1.9 points) was significant (P = .007). The difference was likewise significant at 2
hours post-treatment (3.7 points, P <.001). One patient experienced an adverse event (a vasovagal reaction with full sponta-
neous recovery) during placebo treatment.

Conclusion.—KOS is an effective and safe treatment for acute migraine pain.

Key words: migraine, neuromodulation, autonomic nervous system, kinetic oscillation stimulation, minimally invasive, medical
device

Abbreviations: ANCOVA analysis of covariance, ANOVA analysis of variance, CI confidence interval, ICHD-2 International
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Migraine is a chronic neurovascular disorder
characterized by episodes of head pain that may be
severe.! Triptans are widely used to treat acute
migraine, but on average only 59% of patients expe-
rience relief at 2 hours, 29% of patients are free of
pain 2 hours after dose, and only 20% remain pain-
free 24 hours after drug administration.?

A fast-acting injectable triptan can promote
some relief at 15 minutes post-injection, with pain
relief increasing up to 2 hours post-injection.’
Triptans should be administered early during an

attack
t.4’5

in order to have the best treatment
effec

The sphenopalatine ganglion (SPG) is located
2-9 mm beneath the nasal mucosa.®” Administration
of intranasal lidocaine in the region of the SPG has
been reported to bring significant pain relief to
migraineurs within a few minutes. During an ongoing
attack, 35.8% of patients reported pain relief at 15
minutes (7.4% placebo), although the rate for lido-
caine efficacy was less than that seen with triptans.®
The medical device system used in this study can
deliver kinetic oscillation stimulation (KOS) inside
the nasal cavity close to the SPG. A similar device
system was used for a previous study on non-allergic
rhinitis.®

Exploratory single treatments on a number of
patients with migraine promoted both a rapid reduc-
tion in experienced acute pain and a reduction in pain
intensity and attack frequency during subsequent
weeks and months in some cases. Starting intranasal
treatment on the initial symptom side appeared
advantageous to the treatment results. Subsequently
treating the other side seemed to further improve
treatment outcomes.

Based on these promising results, the present ran-
domized, placebo-controlled, double-blind parallel
group clinical pilot study was performed under con-
trolled conditions on a cohort of patients with
migraine, with the objective of further evaluating any
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Table 1.—Inclusion and Exclusion Criteria

Inclusion Criteria

e Male or female

e Age 20-55 years

e Diagnosis of migraine according to the ICHD-2
classification

e Migraine attacks at least once a month with a pain
duration of 4-72 hours

e Intensity of pain at attack preceding treatment at least 4
on a 10 grade visual analog scale

e No other significant disease

Exclusion Criteria

Previous cardiac surgery

Cardiovascular disease

Vascular disorders in the neck region and in the CNS
Other serious organ disease

Major psychiatric illness

More than 6 migraine attacks per month

CNS = central nervous system; ICHD-2 = International Classi-
fication of Headache Disorders 2nd edition.

superiority of KOS to placebo on acute migraine
pain. We hypothesized that KOS treatment in a
placebo-controlled study would exhibit some or all of
the same improvements seen in the exploratory treat-
ments, with the null hypothesis that there would be no
difference between the groups.

MATERIALS AND METHODS

Patient Selection.—Patients were recruited using
advertisements in the local press. Patients who ful-
filled the inclusion and exclusion criteria (Table 1)
and who signed a written informed consent form were
invited to participate. Almost all patients had a family
history of migraine. Before the study began, they
were also examined clinically by a neurologist
(R.G.H.) and an ear, nose and throat specialist (J.-
E.J.). Thirty-six patients at one site (Karolinska Uni-
versity Hospital, Stockholm) were randomized in this
double-blind parallel design study. The study was
approved by the ethics committee at the Karolinska
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Fig 1.—Treatment catheter in plastic bag.

Institute, Stock holm, on May 5, 2013. The study was
registered at clinicaltrials.gov (NCT01880671).

KOS Treatment System.—The treatment was
administered using a minimally invasive system con-
ceived by the clinical investigator. It consisted of a
controller and a single-use catheter (Fig. 1), as well as
a placebo module (CT100) and a headband (E100)
from Chordate Medical AB, Stockholm, Sweden. The
controller was connected to the CT100, and the
CT100 in turn to the catheter. The E100 was used to
secure the position of the catheter. The catheter, with
a coating of lubricating paraffin, was inserted into the
nasal cavity (Fig. 2), on the side with the predominant
pain (if applicable). For active treatment, the tip was
inflated and oscillated for 15 minutes at 95 millibar

Fig 2.—Catheter inserted into nasal cavity and secured with
headband.
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pressure and 68 Hz frequency. After 15 minutes, the
oscillations stopped (for active treatment). The cath-
eter was deflated and moved to the other side, rein-
flated (for active treatment), and treatment (active or
placebo) continued for another 15 minutes. The set-
tings and treatment duration were based on the expe-
rience obtained from prior exploratory treatments.

Each CT100 module had a unique internal code
allowing 3 out of every 6 consecutive patients to
receive active treatment, with the other 3 receiving
a placebo treatment where the catheter neither
inflated nor oscillated. Group assignment was thus
determined solely by the hidden coding in the CT100
and the order in which patients were treated, with no
other restrictions applied, and with a 1:1 allocation
ratio. This means that all treatments were performed
with a CT100 connected between the controller and
the catheter. The administration of placebo or active
treatment was blinded to the patients as no patients
were familiar with the treatment and knew what to
expect. Before the trial, a general description of the
treatment with a nasal catheter was given. The
patients were informed that one of 2 covering gels
would be used (in reality, both where paraffin), but
they were not informed about the details of the pro-
cedure or its effects, if any. The clinical investigator
was also blinded during the trial since he could not
tell, as the catheters were inserted so far into the nasal
cavity, whether or not the intranasal catheter was
inflated or if it oscillated. The controller operated in
the same manner for both treatments.

It has been stated that it is nearly impossible to
devise effective sham treatments in trials using
neuromodulation as the stimulation is always per-
ceived.” However, the visual appearance of the vibrat-
ing controller (its enclosure and the connected tubes
show minor vibrations) and the sound generated
during both types of procedures, as well as the cover-
ing lubricating gel used, most likely concealed the
true nature of the active and placebo treatments from
the patients. The results were based on reported self-
assessed symptom scores, which means that those
who assessed outcomes were also blinded. A new
CT100 was used for every 6 patients, and the coding
of each module was unknown to the clinical investi-
gator (coding kept secret by manufacturer).
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Statistical Considerations.—The power analysis
was conducted based on the secondary end-point of
share of patients with 50% improvement following
treatment, as anecdotal evidence was available for
this parameter from previous trials but not for the
primary end-point. In these previous trial proce-
>85%
reported a pain reduction of at least 50% on a

dures, of patients with acute migraine
0-10 visual analog scale (VAS) pain scale in direct
association with KOS treatment. Assuming a pain
reduction in 70% of cases with active treatment
(a more conservative estimate compared with the
previous trials) and 20% for placebo, a 2-sided
alpha level of 0.05, and a power of 0.9, the groups
should have 19 patients each. It was, therefore, con-
sidered that evaluating the response of 40 patients
to treatment would be sufficient to assess the poten-
tial efficacy of KOS to relieve acute migraine
pain.

The high-resolution VAS and short recording
intervals during the procedures were chosen in order
to provide optimal information on the possible effects
of the treatment. The levels of VAS pain were ana-
lyzed by a 2-factor analysis of variance (ANOVA)
with repeated measures. Analyses at specific time
points were made using an analysis of covariance
(ANCOVA) model with the baseline value as a
covariate. The treatment group differences were
tested at the 0.05 alpha level.

A 2-sided chi-square test at the 0.05 alpha level
was used to analyze whether or not the secondary
end-points were achieved. Bonferroni-adjusted P
values were calculated to control for type I errors in
the repeated assessments.

Missing data points at 2 and 24 hours (patients
unwilling to provide data) were imputed in an ancil-
lary intention-to-treat analysis using last observations
carried forward as these were the best available esti-
mates for each patient. The intention-to-treat analysis
was intended to control for different response rates in
the active and placebo groups.

The code was broken by the statistician after the
datasets were completed and locked. The statistician
performed the study sizing, calculated the descriptive
statistics, and performed statistical tests. The statisti-
cal analyses were performed using version 9.4 of the
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SAS System under Windows (SAS Institute, Inc.,
Cary, NC, USA).

Schedule of Events.—On their first visit, the patients
were first clinically investigated. They received a paper
diary with instructions to make daily notes of any
migraine attacks, their length, intensity, and medication
use, when applicable. Forty-four patients were selected
for the study and passed this step (Fig. 3).

After 30 days, patients were ready for treatment.
If typical signs of an attack with or without aura
developed, the patient contacted the clinical investi-
gator by phone. It was determined whether the attack
fulfilled the International Classification of Headache
Disorders 2nd edition criteria (including 0-10 VAS of
at least 4.0), and if met treatment was administered
within 20 minutes of arrival at the Karolinska Univer-
sity Hospital, Huddinge. It took patients at least one
hour to get to the hospital following the phone call,
and the patients were all at least 2 hours into their
attacks at the time of treatment. Patients were asked
not to take any medication before the study treat-
ment. During the trials, the patients recorded their
level of pain with a pencil on paper marked with a
0-10 VAS scale, where 0 represented no pain and 10
unbearable pain (no intermediate steps marked). The
scorings were done just before treatment, every 5
minutes during treatment, at completion of the treat-
ment and 15 minutes after treatment, each time on a
new piece of paper. Many patients in both the active
and the placebo groups blew their noses after the
treatment. All patients were asked about their
general well-being immediately following all the VAS
recordings. They all stayed for about 30 minutes after
treatment before leaving the hospital.

The level of pain at 2 and 24 hours were recorded on
a 0-10 VAS scale using telephone interviews conducted
by the clinical investigator following treatment.

Only one treatment session, with either placebo
or active treatment, was administered to each patient
as part of the study. After treatment, patients were
asked to continue with daily diary entries for 60 days.

The first patient was enrolled on May 20, 2013.
The last patient was enrolled on September 23, 2013.
(The last enrolled patient did not complete the study.)
The first patient was treated on June 17,2013.The last
patient was treated on October 3, 2013.
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End-Points.—Acute Treatment.—The primary effi-
cacy end-point in the study was to evaluate the
change in average pain score on the VAS scale from
just prior to treatment to 15 minutes after the comple-
tion of treatment (ie, 45 minutes after onset of stimu-
lation). As secondary end-points, pain relief rate (at
least 50% reduction in pain score’) and pain-free rate
(<1.0 VAS) in the patient groups were also consid-
ered. The same metrics were also considered at 2 and
24 hours after treatment.
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Two-Month Follow-Up.—The change in the
number of headache days one month prior to treat-
ment and 2 months following treatment was consid-
ered a secondary end-point, as was average attack
duration in hours and attack intensity (0-3 scale) at
the same time points.

RESULTS
Patient
included in the study (Fig.3) after experiencing

Population.—Thirty-six patients were

[ Enrollment ]

Assessed for eligibility
(telephone contact and written
questionnaires)

8 Excluded

A 4

4+ 8 Not experiencing migraine attacks

36 Randomized

Active treatment

Placebo

v (

] v

L Allocation
18 Allocated to intervention 18 Allocated to intervention
+ 18 Received allocated intervention ¢ 17 Received allocated intervention
+ 1 Aborted treatment
[ Follow-Up ] \
A8 J
2 and 24 hours: 18 Followed-up 2 and 24 hours: 12 Followed-up, 5 lost to non-
2 months: 16 Followed up, 2 lost to non- compliance
compliance 2 months: 15 Followed up, 2 lost to non-
compliance
v [ Analysis ] v
Acute: 18 analyzed Acute: 17 analyzed
2 and 24 hours: 18 analyzed 2 and 24 hours: 12 analyzed
2 months: 16 analyzed 2 months: 15 analyzed

Fig 3.—CONSORT flow diagram.
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Table 2.—Summary Statistics of Historic Migraine Characteristics
Count, Except for Age Active % Placebo % Total %
Age Average (years) 442 (434) N/A  44.6(46.0) N/A  444(447) N/A
Gender Male 4(1) 22 3(1) 17 7(2) 19
Female 14 (4) 78 15 (4) 83 29 (8) 81
Recurrent headache since <20 years 5(0) 28 5(0) 28 10 (0) 28
>20 years 13 (1) 7 13 (0) 72 26 (1) 72
Attacks per week <1 9(1) 50 9(0) 50 18 (1) 50
>1 7 (0) 39 7(2) 39 14 (2) 39
Variable attack frequency 2(0) 11 2 (0) 11 4 (0) 11
Duration of attack <1 day 9(2) 50 6(4) 33 15 (6) 42
1-3 days 5(2) 28 7 (1) 39 12 (3) 33
>3 days 2 (0) 11 1(0) 6 3(0) 8
Variable attack frequency 2 (0) 11 4 (0) 22 6(0) 17
Predominantly unilateral pain ~ Yes 16 (1) 89 15 (0) 83 31 (1) 86
No 2(1) 11 3(0) 17 5(1) 14

All participating patients had a diagnosed migraine according to the International Classification of Headache Disorders 2nd
edition. Some patients did not fully fill out the pretreatment questionnaires. Data pertaining to these 10 patients were completed
through telephone interviews during the study. In the columns above, the number of patients whose data were completed through

such interviews is indicated within parentheses.

migraine attacks and fulfilling the inclusion criteria
(with exceptions as described below), 29 females and
7 males, aged 20-61. Randomization of patients
stopped 4 patients short of the targeted 40 patients as
the inflow of patients from the pool of 44 experienc-
ing attacks slowed. Two patients older than 55 years
were included in the analysis (the set upper age limit
was based on the assumption that older patients
would respond less favorably to treatment). Five of
the patients either did not experience migraine
attacks during the run-in period or failed to present
completed diaries, but were nevertheless included in
the analysis as their typical disease profiles fit the
inclusion criteria.

Eleven of the patients did not meet the inclusion
criterion of having a VAS pain score before treatment
of 4.0 or higher, even though they did meet this
criterion when they called in before heading to the
hospital. It was, therefore, decided to include these
patients in the analysis.

Summary statistics for historic migraine attack
frequency and characteristics are shown in
Table 2.

Eighteen patients received active treatment and
were available for analysis of efficacy in the acute

phase, as were 17 who received placebo. One patient

experienced an adverse event during the procedure
(a vasovagal reaction with full spontaneous recovery
within a few minutes) and treatment was aborted.
This patient belonged to the placebo group and was
not included in the analyses. No other adverse reac-
tions were reported. Data for all 18 patients in the
active group were also collected regarding the expe-
rienced pain level at 2 and 24 hours post-treatment, as
were corresponding reports from 12 of the placebo
patients (the other 5 were unwilling to participate.
Data for these patients was imputed in an ancillary
analysis, Table 4). Follow-up data were available for
16 and 15 patients in the active and placebo treatment
groups, respectively.

End-Point: Attack Treatment.—KOS
treatment using the Chordate system reduced pain

Primary

score during a migraine attack from a mean of 5.5 on
the VAS scale before treatment to 1.2 at 15 minutes
post-treatment, a change of 4.3 units (95% confidence
interval [CI]: 5.0, -3.6), see Table 3. The correspond-
ing change for placebo treatment was from 4.9 to 3.9,
a change of 1.0 unit (95% CI: -1.8,-0.2). The changes
in pain scores differed between the 2 treatments by
3.3 points (95% CI:2.3,4.4), P < .001. Individual VAS
scores for all 35 analyzed patients are presented in
Figures 4 and 5.
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Table 3.—Summary Statistics of VAS Pain Scores by Treatment Group and Time Point

Mean £+ SD Mean £ SD
Mean+SD  Change From Percent Change
Group Time Point N Absolute Baseline 95% CI From Baseline
Active Before 18 55+1.5
5 minutes into treatment 18 32+1.7 23122 (-34,-12) -38.0+£34.7
10 minutes into treatment 18 26%1.8 -2.8+2.1 (-3.9,-1.8) -49.6+32.3
15 minutes into treatment 18 21+1.7 -3.4+23 (-4.5,-23) -59.3+32.6
20 minutes into treatment 18 14+1.1 -41+1.7 (-4.9,-3.3) -74.0+21.0
25 minutes into treatment 18 1.5+£15 -40+19 (-4.9,-3.1) -729+284
30 minutes into treatment (end of treatment) 18 12+14 -43+15 (-5.1,-3.6) -80.9+22.3
15 minutes post 18 12+1.0 -43+15 (-5.0,-3.6) -78.7+18.7
Placebo  Before 18 49121
5 minutes into treatment 17 45+2.4 -04+13 (-1.0,0.3) -8.9+33.0
10 minutes into treatment 17 46126 -03%15 (-1.0,0.4) -82+39.4
15 minutes into treatment 17 41+2.8 -0.8+1.6 (-1.6,0.0) -20.8+46.1
20 minutes into treatment 17 39+£22 -1.0£1.1 (-1.6,-0.4) -22.6 £29.6
25 minutes into treatment 17 42+23 -0.6+1.3 (-1.3,0.0) -14.8+358
30 minutes into treatment (end of treatment) 17 40 £ 24 -09+15 (-1.7,-0.1) -19.2+432
15 minutes post 17 39+2.1 -1.0£1.6 (-1.8,-0.2) -18.8+£35.1

CI = confidence interval; SD = standard deviation; VAS = visual analog scale.

Mean baseline score was slightly higher in the  in mean score over time was observed, which still
active group as compared with the placebo group  remained at the assessment 15 minutes after end of
(t-test P = .34), but this did not significantly affect the  therapy. In the placebo group, a minor decrease from
results. With active treatment, a continuous decrease  baseline was observed at corresponding time points,

10

Active treatment

WVAS score

Before 5 10 15 20 25 30 After
Time point

Fig 4.—Individual visual analog scale (VAS) scores by minute during procedure in patients receiving active treatment.
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VAS soore

Placebo treatment

Before 5 10 15 20 2% 30 After

Time point

Fig 5.—Individual visual analog scale (VAS) scores by minute during procedure in patients receiving placebo treatment.

with virtually no change from 15 minutes into the
KOS treatment to end of treatment.

Statistical testing using repeated ANOVA mea-
sures demonstrated a significant difference between
groups when including all data points (absolute
values: P =.002, change from baseline: P <.001).
Separate ANCOVA comparisons with the baseline
value as covariate at the time points 15 minutes post-
treatment (primary end-point; baseline adjusted dif-
ference: 3.0) and 30 minutes (end of treatment)
demonstrated significantly lower absolute values and
a larger decrease from baseline for the group receiv-
ing active treatment (P <.001 for all comparisons).

Treatment was started on the right side in 16 of
the analyzed patients and on the left side in 19
patients. Results were comparable for both sequences
with statistically significant results similar to the
results for all patients combined. Pain levels fell
further when active treatment was continued on the
other side.

Some of the patients in the study were included
even though they did not meet the inclusion criterion
of having at least a 4.0 VAS score at the beginning of
treatment. Twenty-four of the 36 patients in the study
did meet this criterion. All patients with 4.0 or more
on the VAS pain scale before treatment and who

received active treatment had 3.1 or less on the VAS
scale following treatment. All patients with VAS 4.0
or more who received placebo treatment scored VAS
4.0 or more following treatment, with the exception of
one outlying patient. The difference in reduced pain
(3.6 on VAS Scale) achieved by active treatment com-
pared with placebo from baseline before treatment to
15 minutes after treatment was significant (P < .001)
using an ANCOVA model with the baseline value as
covariate.

Secondary End-Points.—Seventeen out of 18
(94%) patients in the active group experienced at least
50% pain relief at 15 minutes after termination of
treatment compared with just before treatment, as did
3 of 17 (18%) patients in the placebo group. Nine out
of 18 (50% ) patients in the active group were pain-free
at 15 minutes post-treatment compared with 2 out of
17 (12%) for the placebo group. End-point metrics for
patients who reported data for both 2 and 24 hours
post-treatment are presented in Table 4.

The number of days during the 2 months of
follow-up when patients experienced migraine pain fell
slightly in the active group compared with the situation
during the run-in period. Correspondingly, the propor-
tion of headache days increased in the placebo group,
with a similar pattern during both months, but the
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Table 4.—Summary Statistics for Secondary End-Points (2 and 24 Hours Post-Treatment)
Mean + SD Change  50% Pain P Value* vs Pain-Free P Value* vs
Group Time Point Mean + SD From Baseline Relief Rate Placebo Rate Placebo
Active (n=18)  Before 55+15
15 minutes after 1.2+£1.0 -43%15 17 P <.001 9 P =.063
94% P* <.001 50% P* =051
2 hours 1.3+19 -42+23 16 P <.001 9 P=.018
89% P* <.001 50% P* =14
24 hours 12+25 -43+2.6 15 P=.13 14 P=114
83% P*=1.00 78% P* =091
24 hours sustained 14 P =.001 8 =.035
78% P*=.008 44% P =28
Placebo (n=12) Before 47+24
15 minutes after 3.6+2.0 -12+14 2 2
17% 17%
2 hours 49+3.0 02+2.1 2 1
17% 8%
24 hours 1.9+25 —2.8+4.4 7 6
58% 50%
24 hours sustained 2 1
17% 8%

*The P* values are Bonferroni-adjusted P values for 8 tests.

Patients with data available for both 2 and 24 hours only. “24 Hours Sustained” denotes improvements at both 2 and 24 hours.
Note that rescue medication use following the 15-minute post-measurement and before 24 hours in the placebo group was higher

(76%) compared with the active treatment group (17%).

Placebo rates with imputation using LOCF for 15 minutes after, 2 hours, 24 hours, 24 hours sustained:

50% pain relief: 3 (18%) P <.001,3 (18%) P <.001,9 (53%) P =.053,3 (18%) P <.001.

Pain-free: 2 (12%) P =.015,1 (6%) P =.004,7 (41%) P =.027,1 (6%) P = .009.

The corresponding Bonferroni adjusted for 8 tests P values are for 50% pain relief: P* <.001. P* <.001, P* = .42, and P* =.003,
respectively; and for pain-free: P* = .12, P* = .031, P* = .22, and P* = .073, respectively.

LOCF = last observations carried forward; SD, standard deviation.

difference was not significant (P =.39 run-in to first
month of follow-up, P = .53 to the second).

The pain intensity and attack duration tended to
decrease in the active group compared with the
placebo group during the first month of follow-up
(P = .42 and P = .37, respectively).

An ancillary, exploratory analysis showed that
the baseline attack frequency fell sharply during the
run-in period with a sharp upturn toward the end of
the run-in period. This was possibly due to a combi-
nation of weather and seasonal atmospheric condi-
tions, as well as the beneficial influence of the
traditional summer holidays on patients who had an
opportunity to relax and recuperate during the
summer. Treatments were mostly administered
around the time when holidays had just ended.

Rescue medication following treatment was used

by 3/18 (17%) patients in the active group and 13/17

(76%) in the placebo group, suggesting that the
improvement in the active group was clinically
meaningful.

The null hypothesis for the single primary end-
point was rejected. The null hypothesis was also
rejected for 50% pain relief rate following Bonferroni
adjustment at 15 minutes after, 2 hours after, and 24
hours sustained (Table 4).

DISCUSSION

The differences in VAS pain scores during treat-
ment between the groups receiving active treatment
and placebo were statistically significant for all time
points combined, for the slope of change over time,
and for separate comparisons at end of treatment and
after treatment. With active therapy, onset of reduc-
tion in experienced pain intensity was rapid, with a
statistically significant decrease already after 5
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minutes of KOS treatment (the changes in pain scores
differed between the 2 treatments by 1.9 points on
VAS scale, ANCOVA analysis similar to that for
primary end-points: P =.007), comparing favorably
with the effects of fast-acting injectable triptan.’

Since treatment was offered at the hospital,
patients were typically several hours into their
migraine attacks when KOS was administered. Late
drug administration is typically associated with worse
treatment results in migraine studies,** but the ben-
eficial pain-relieving effects of the active procedure
used in this study were still quite strong, even after
several hours of migraine.

Results at 2 and 24 hours sustained after treat-
ment showed strong both clinically (at least 50%
improvement on VAS scale) and statistically signifi-
cant improvements in the active compared with the
placebo group. The relative lack of both pain relief
and pain freedom in the placebo group would be
expected to occur and has also been demonstrated in
earlier studies testing other migraine therapies.'

The 2-month follow-up data failed to demon-
strate any clinically significant beneficial long-term
prophylactic outcome of the active procedure. The
relatively small sample size for this type of analysis
(as opposed to acute response for which the study was
sized), and the strong seasonality in the attack inci-
dence during the run-in period, where there seemed
to be a seasonal pattern of increasing attacks com-
mencing around the time of the treatments in the
study and the start of the follow-up period, possibly
contributed to the findings not being significant.
Further studies during other times of the year would
be desirable.

One patient receiving placebo therapy experi-
enced an adverse event with full spontaneous recov-
ery. Overall, the treatment was well tolerated.

Patients were recruited for the study through
advertising in a local newspaper. It cannot be
excluded that there could have been some self-
selection of patients dissatisfied with their current
treatment results or side effects.

Some patients forgot to bring their run-in diaries
to the hospital and failed to send their diaries later,
leading to gaps in the collected material. Others, espe-
cially in the placebo group, failed to present follow-up
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diaries. Acute data (for the primary end-point) were
available for all patients but the one who experienced
an adverse event.

The study was performed at one university hos-
pital clinic. Further and extended investigations at
multiple locations should ideally be performed.

Kinetic oscillations in the nasal cavity stimulate
the mucosa and possibly activate sensory nerve
endings with afferents in the trigeminal nerve. The
known trigeminal parasympathetic autonomic reflex
seems to be involved in some types of migraine
attacks.''> Migraine is a complex disorder with
several neuronal pathways and neurotransmitters
involved in the pathophysiology, but the hypothala-
mus which has widespread connections with other
parts of the central nervous system and its paramount
control of the autonomic nervous system is believed
to play a key part in migraine."”* The SPG supplies the
nasal mucosa and has connections to the hypothala-
mus, as the ganglion receives parasympathetic fibers
from the superior salivatory nucleus, which in turn
receives input from the hypothalamus,'* and has been
suggested as a target for neurostimulation.'” The
superior salivatory nucleus is at the heart of the tri-
geminal autonomic reflex.'® Electrical SPG stimula-

tion can promote
14,17

improvements in primary

headaches,'*! suggesting that stimulation mediated
through the above connections could be connected to
headache relief. Indirect SPG stimulation through the
nasal cavity could be a pathway that perhaps explains
some of the results of this study.

We speculate that KOS, at least in part, may miti-
gate migraine symptoms through the trigeminal para-
sympathetic reflex and an associated beneficial
impact on autonomic balance. The results obtained in
this study are not inconsistent with such an idea. We
conclude that KOS is a potentially beneficial non-
pharmacological treatment option for patients with
migraine headache.

CONCLUSIONS

The pilot study is the first known controlled trial
of treatment of acute migraine using kinetic oscilla-
tions administered in the nasal cavity. The treatment
promoted a statistically and clinically significant
reduction in the reported average pain level during
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treatment and 2 hours after, suggesting that KOS
could possibly be a treatment alternative for acute
migraine attacks. The treatment provided a statisti-
cally significant better reduction in pain in the active
group compared with the placebo group already 5
minutes from the start of treatment. Improvement in
the active group compared with placebo was not sig-
nificant during the 2-month follow-up period. Further
exploration of the longer term effects of the proce-
dure could be considered.
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