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A Double-Blind, Placebo-Controlled Study of Repetitive
Transnasal Sphenopalatine Ganglion Blockade With Tx360® as

Acute Treatment for Chronic Migraine

Roger Cady, MD; Joel Saper, MD; Kent Dexter, MD; Heather R. Manley, MS, LPC

Objective.—To determine if repetitive sphenopalatine ganglion (SPG) blocks with 0.5% bupivacaine delivered through
the Tx360® are superior in reducing pain associated with chronic migraine (CM) compared with saline.

Background.—The SPG is a small concentrated structure of neuronal tissue that resides within the pterygopalatine fossa
(PPF) in close proximity to the sphenopalatine foramen and is innervated by the maxillary division of the trigeminal nerve.
From an anatomical and physiological perspective, SPG blockade may be an effective acute and preventative treatment for CM.

Method.—This was a double-blind, parallel-arm, placebo-controlled, randomized pilot study using a novel intervention for
acute treatment in CM. Up to 41 subjects could be enrolled at 2 headache specialty clinics in the US. Eligible subjects were
between 18 and 80 years of age and had a history of CM defined by the second edition of the International Classification of
Headache Disorders appendix definition. They were allowed a stable dose of migraine preventive medications that was
maintained throughout the study. Following a 28-day baseline period, subjects were randomized by computer-generated lists of
2:1 to receive 0.5% bupivacaine or saline, respectively. The primary end-point was to compare numeric rating scale scores at
pretreatment baseline vs 15 minutes, 30 minutes, and 24 hours postprocedure for all 12 treatments.

SPG blockade was accomplished with the Tx360®, which allows a small flexible soft plastic tube that is advanced below the
middle turbinate just past the pterygopalatine fossa into the intranasal space. A 0.3 cc of anesthetic or saline was injected into
the mucosa covering the SPG. The procedure is performed similarly in each nostril. The active phase of the study consisted of
a series of 12 SPG blocks with 0.3 cc of 0.5% bupivacaine or saline provided 2 times per week for 6 weeks. Subjects were
re-evaluated at 1 and 6 months postfinal procedure.

Results.—The final dataset included 38 subjects, 26 in the bupivacaine group and 12 in the saline group. A repeated
measures analysis of variance showed that subjects receiving treatment with bupivacaine experienced a significant reduction in
the numeric rating scale scores compared with those receiving saline at baseline (M = 3.78 vs M = 3.18, P = .10), 15 minutes
(M = 3.51 vs M = 2.53, P < .001), 30 minutes (M = 3.45 vs M = 2.41, P < .001), and 24 hours after treatment (M = 4.20 vs M = 2.85,
P < .001), respectively. Headache Impact Test-6 scores were statistically significantly decreased in subjects receiving treatments
with bupivacaine from before treatment to the final treatment (Mdiff = −4.52, P = .005), whereas no significant change was seen
in the saline group (Mdiff = −1.50, P = .13).

Conclusion.—SPG blockade with bupivacaine delivered repetitively for 6 weeks with the Tx360® device demonstrates
promise as an acute treatment of headache in some subjects with CM. Statistically significant headache relief is noted at 15 and
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30 minutes and sustained at 24 hours for SPG blockade with bupivacaine vs saline. The Tx360® device was simple to use and
not associated with any significant or lasting adverse events. Further research on sphenopalatine ganglion blockade is
warranted.

Key words: chronic migraine, Tx360®, sphenopalatine ganglion block, preventive treatment, acute treatment

Abbreviations: AE adverse event, ANOVA analysis of variance, CI confidence interval, CM chronic migraine, CNS central
nervous system, EM episodic migraine, HIT-6 Headache Impact Test, ICHD-II International Classification of
Headache Disorders, second edition, ICHD-III The International Classification of Headache Disorders, third
edition (beta version), IHS International Headache Society; MO medication overuse, MOH medication
overuse headache, NRS numeric rating scale, PGIC Patient’s Global Impression of Change, PPF pterygopala-
tine fossa, SD standard deviation, SPG sphenopalatine ganglion

(Headache 2015;55:101-116)

Migraine is a highly prevalent medical disorder
considered to be a leading cause of worldwide disabil-
ity.1 Historically, migraine has been viewed as a self-
limited episodic pain disorder, but there is growing
acceptance in the medical community of a disease
model whereby chronic migraine (CM) is considered
the end-stage consequence of uncontrolled or poorly
controlled episodic migraine (EM).2,3 In fact, the
International Headache Society (IHS) has stated that
CM should be considered a complication of EM.4

CM is a relatively new diagnosis first established
in the second edition of the International Classifica-
tion of Headache Disorders (ICHD-II) in 2004. Diag-
nostic criteria were redefined in 2006 as an appendix
addition to ICHD-II5 and further refined in the
ICHD-III beta criteria published in 2013.6 However,
the 2006 appendix criteria used in this study are very
similar to the ICHD-III beta criteria. Basically, these
criteria define CM as 15+ days/month of headache

lasting >4 hours for at least 3 months with at least 8
days of headache meeting diagnostic criteria for EM.7

In CM, symptom intensity, duration, and attack
disability are increased relative to EM. CM is also
associated with a significantly greater degree of
healthcare utilization and comorbidity.8

A consequence of migraine being separated into
episodic and chronic diagnoses is that few scientifi-
cally validated clinical studies that specifically address
the efficacy and safety of acute treatment in the CM
population exist. Although it is widely assumed that
acute interventions approved for EM are effective in
CM, the fact remains that the CM patient population
was excluded from almost all regulatory trials of
acute migraine medications. Thus, no large clinical
trials of acute medications have been conducted spe-
cifically in CM populations. Complicating matters are
the constructs of medication overuse (MO) and medi-
cation overuse headache (MOH), suggesting that
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overuse of acute medications is an important catalyst
in chronification and maintenance of CM.This under-
scores a significant difference in the risk for acute
medications when used indiscriminately in patients
with episodic vs CM. Clearly, there is a need to study
the use of acute treatment and novel interventions in
CM to define effective treatment strategies for this
important patient population.

The Sphenopalatine Ganglion (SPG).—The SPG is
a small concentrated structure containing the largest
group of neurons outside the brain. It resides within
the pterygopalatine fossa (PPF) in close proximity to
the sphenopalatine foramen. It is located at the pos-
terior attachment of the middle turbinate above the
ethmoidal crest. The SPG is innervated by the maxil-
lary division of the trigeminal nerve. It has a sensory,
parasympathetic, and a sympathetic component. The
sensory root connects with the second division of the
trigeminal nerve, and for the most part, the sensory
branches of the SPG pass into the palatine nerves that
innervate the mouth, soft palate, tonsils, and mem-
branes lining the nasal cavity.9 It also provides
sensory innervation to the retro-orbital and anterior
inferior area of the calvarium. The parasympathetic
root is distributed with trigeminal innervation to the
nose and oral cavity structures and sends post gan-
glion fibers to the lacrimal nerve.

Nasal and pharyngeal glands are innervated by
parasympathetic fibers of the SPG. The SPG also
receives fibers from the superior cervical ganglion
that form part of the carotid plexus (Fig. 1). Thus,
from an anatomical and physiological perspective,
there is a rationale to consider SPG blockade as an
effective acute and preventative treatment for CM.

SPG Blockade.—Several anatomic approaches are
employed in an effort to anesthetize the SPG. Each
has potential complications and technical challenges.
The most common method for SPG blockade is
the transnasal approach. With this approach, cotton
pledgets or Q-tips soaked with an anesthetic agent are
either passed through a nasal cannula or blindly with
manual guidance to the nasopharynx. The challenge
becomes getting the anesthetic agent to the PPF, as it
lies lateral to the wall of the nasopharynx. Although
SPG blockade via the transnasal approach is reported
effective in some studies in migraine and cluster head-

ache,10,11 the procedure does have potential adverse
events (AEs) such as epistaxis, rare central nervous
system (CNS) infections, and the certainty of getting
an anesthetic agent to SPG is unpredictable.12

A second approach to the SPG is through the
mouth or transoral approach. This is commonly
employed by dentists. It is considered to be more
technically challenging than the transnasal approach
and again unpredictable in assuring anesthesia is
delivered to the SPG. There is a risk of rare, but
serious CNS infection associated with this procedure.

A third method is the infrazygomatic arch
approach. In this procedure, generally conducted
under fluoroscopic imaging, a cannula is guided per-
cutaneously through the pterygomaxillary fissure in
anatomic proximity to the PPF where an anesthetic
agent is instilled through the cannula. This approach
is considered a more accurate means of delivering
anesthetic to the SPG, but also more technically chal-
lenging and requires considerable technical expertise.
It is associated with rare, but potentially serious AEs
such as meningitis and cardiac arrest.

In addition to the various approaches listed, more
elaborate procedures are also performed including
neurolytic SPG blockade with either surgery, alcohol
injection, or radiofrequency ablation.While providing

Fig 1.—Sphenopalatine ganglion. Reproduced with permission
from Primary Care Network©.
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accurate localization to the SPG, neurolytic blockades
are associated with significant complications and/or
uncertainty in anesthetizing the SPG.13,14 Neurolytic
approaches, while demonstrating effectiveness in
small clinical studies, are also associated with signifi-
cant potential complications and adverse conse-
quences. Further, the procedure requires significant
expertise/experience. Once successfully performed,
nerve regeneration occurs within 3-6 months and thus
it requires repeated procedures and exposure to the
same risks.

Historically, there have been anecdotal reports of
SPG blockade as a successful modality to treat
migraine and cluster headache,15-18 although not all
studies have demonstrated success.19 Recently,Tepper
et al demonstrated efficacy of an implanted electrical
stimulator in the SPG in a group of subjects with
intractable CM.20 In the Tepper et al study of 11 sub-
jects, 2 had complete resolution of headache within 3
minutes, 3 had a reduction in pain, 5 had no pain
response, and 1 was not stimulated. The study sup-
ports potential roles of SPG in the treatment of
intractable CM.

In this manuscript, we report on a repetitive pro-
cedure that provides SPG blockade as acute treat-
ment for CM. A second manuscript assessing the
impact of repetitive SPG blockade as a potentially
disease-modifying treatment for CM and its longer-
term impact on quality of life measures will be
considered.

In this study, SPG blockade was accomplished
with a novel device called the Tx360® by Tian Medical
Inc. (Lombard, IL, USA). This device contains a
small, flexible, soft plastic tube that is advanced below
the middle turbinate just past the PPF. The plastic
tube can then be rotated laterally on a preset track
and extended into the intranasal space. A total of
0.3 cc of anesthetic (0.5% bupivacaine) is injected
through the tube and directed to the mucosa covering
the SPG.11 Dosing and anesthetic type was deter-
mined per device manufacturer’s recommendations.
The procedure is performed similarly in each nostril.

We hypothesized that repetitive SPG blocks with
0.5% bupivacaine delivered through the Tx360®

device would be superior in reducing acute pain asso-
ciated with CM compared with saline.

METHODS
A double-blind, parallel-arm, placebo-controlled,

randomized pilot study was conducted at 2 headache
centers in the US. Due to lack of comparator studies
available and the pilot design of this study, the sample
size was estimated and a power analysis was not
completed.

Protocol Approvals, Registrations, and Patient
Consents.—This study was conducted in accordance
with the Declaration of Helsinki, all relevant US
federal regulations, and in compliance with the Inter-
national Conference on Harmonization guideline for
Good Clinical Practice. The study protocol, informed
consent forms, and any other appropriate study-
related documents were reviewed and approved by
Sterling Institutional Review Board/Ethics Commit-
tee. Written informed consent was obtained from
each patient prior to any protocol-related activities.
The study was a sponsor-initiated study funded by
Tian Medical Inc., Lombard, IL, and reported on
Clinicaltrials.gov (NCT01709708).

Design.—Subjects were recruited through the use
of flyers, web postings, radio ads, and current clinic
patients at 2 headache specialty clinics located in
Springfield, MO and Ann Arbor, MI. All subjects
were screened using Institutional Review Board
(IRB)-approved phone scripts. Subjects had a history
of CM defined by the Headache Classification
Committee of the International Headache Society
ICHD-II appendix definition 2006, and by history,
they had experienced CM for at least 3 months prior
to enrollment. They were allowed to be on migraine
preventive and abortive medications, provided that
the dose was stable for 30 days prior to screening and
agreed to not start, stop, or change medication and/or
dosage during the study period. All headaches asso-
ciated with the spectrum of CM were treated regard-
less of pain severity at the time of treatment.

Following a 28-day baseline period, subjects
meeting inclusion and exclusion criteria were ran-
domized at each study site by a supervisory individual
who was not associated with the study subjects or
visits.The randomization scheme was generated using
the web site: (http://www.randomization.com). Forty-
one subjects were randomized 2:1 to receive 0.5%
bupivacaine or saline, respectively. The supervisory
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individual numbered and assigned study medication,
based on the randomization plan, in a blinded fashion
to subject, coordinator, and investigator.

Study Population.—Fifty-five subjects were
screened for study inclusion. Forty-nine met
inclusion/exclusion criteria and were required to
complete a daily headache diary for 28 days to
confirm an accurate diagnosis of CM. Of the 49
subjects, 41 met diagnostic criteria for CM and were
randomized 2:1 to receive a series of 12 SPG blocks
with either 0.3 cc of 0.5% bupivacaine or saline deliv-
ered with the Tx360® over a 6-week period of time (2
SPG blocks/week). Pretreatment baseline headache
pain scores for all randomized headache patients
were determined at visit 2 prior to their first SPG
block.

At each treatment visit (visits 2-13), vital signs
and changes in medical, headache, and medication
history were collected and subjects completed the
numeric rating scale (NRS). At visit 2 and visit 14,
subjects completed a Headache Impact Test (HIT-6)
questionnaire.

At each treatment visit, subjects were adminis-
tered an SPG block through each nostril, utilizing
0.5% bupivacaine or saline by the investigator or
study coordinator using the Tx360® device. All sub-
jects were given a piece of lemon candy as a taste
distractor in an effort to maintain blinding prior to
each procedure.

After each procedure, subjects completed the
NRS at 15 and 30 minutes. At 30 minutes, subjects
completed the Patient’s Global Impression of Change
(PGIC). Subjects also completed the NRS, PGIC, and
a question about satisfaction at 24 hours. Daily diaries
were completed throughout the active treatment
period (Tables 1 and 2).

Primary End-Point.—To compare the NRS scores
at pretreatment baseline vs 15 minutes, 30 minutes,
and 24 hours postprocedure for all 12 treatments.

Secondary End-Points.—

1. To compare change in NRS score from pre-
procedure to 15 minutes, 30 minutes, and 24 hours
postprocedure for all 12 treatments.

2. To compare 24 hours postprocedure PGIC score
for all 12 treatments.

3. Acute medications usage over the active treatment
phase.

4. AEs reported by all subjects during the active
treatment phase.

5. HIT-6 scores pretreatment vs postfinal treatment.

Statistical Analysis.—Data were collected elec-
tronically and analyzed using JMP, Version 8
(SAS Institute Inc., Cary, NC, USA), utilizing a re-
peated measures mixed-design analysis of variance
(ANOVA) including a within-subjects factor of time
(before treatment, 15 and 30 minutes posttreatment,
and 24 hours posttreatment); and a between-subject
factor of treatment groups (bupivacaine/sham saline)
was also used to analyze data for statistical signifi-
cance. Post-hoc analyses were conducted using 2
sample Wilcoxon rank sums. To control for multiple
comparisons, Sidak corrections were calculated and a
cut-off of P = .01 was used to determine statistical
significance. Missing data were reviewed and found to
be missing completely at random and less than 5% for
any one subject or one variable. All data collected
were included in data analysis if eligibility criteria
were met, making this a per protocol analysis.

RESULTS
Forty-one subjects randomized 2:1 for this study

including 10 males and 31 females with a mean age of
41.3 years and a diagnosis of CM (Table 3, Fig. 2). Of
the study population, 83% were Caucasian, 10%
African American, and 7% Other. During the treat-
ment period, one subject withdrew consent in the
saline group due to lack of efficacy. A total of 40
subjects completed treatment in the bupivacaine and
sham saline groups: 27 and 13, respectively. Three
subjects, one in the bupivacaine group and 2 in the
sham saline group, were removed from data analysis
due to protocol violations. The final data set included
38 subjects, 26 in the bupivacaine group (including the
one subject that did not complete treatment) and 12
in the sham saline group. Subjects were diagnosed
with CM on average 8.58 years prior to the start of the
study and had an average of 23.63 headaches per
month, with 15.24 of them being classified with a
migraine phenotype (Table 4).
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The primary end-point of the study was to
compare NRS scores at baseline, and 15 minutes,
30 minutes, and 24 hours posttreatment between
SPG blockades with 0.5% bupivacaine vs sham
saline. When pooling all of the treatments 1-12, a

repeated measures ANOVA showed a statistically
significant interaction of time and group NRS scores
over time, F(3, 438) = 4.90, P = .002. Results also
revealed a statistically significant main effect of time
(F[3, 438] = 29.34, P < .001) and group (F[1, 440] =

Table 2.—Inclusion and Exclusion Criteria

Inclusion Criteria

1. Is male or female, in otherwise good health, 18-80 years of age.
2. Has history of chronic migraine (with or without aura) according to the criteria proposed by the Headache Classification

Committee of the International Headache Society for at least 3 months prior to enrollment.
3. Has onset of migraine before age 50 years.
4. Is able to differentiate migraine from any other headache they may experience (eg, tension-type headache).
5. Is not currently taking a migraine preventive or has been taking preventive for at least 30 days prior to screening and agrees

to not start, stop, or change medication and/or dosage during the study period.
6. If female of childbearing potential, agrees to use, for the duration of the study, a medically acceptable form of contraception

as determined by the investigator.
a. Complete abstinence from intercourse from 2 weeks prior to administration of study drug throughout the study, and for a

time interval after completion or premature discontinuation from the study to account for elimination of the study drug; or,
b. Surgically sterile (hysterectomy or tubal ligation or otherwise incapable of pregnancy); or,
c. Sterilization of male partner; or,
d. Intrauterine device with published data showing lowest expected failure rate is less than 1% per year; or,
e. Double barrier method (ie, 2 physical barriers or one physical barrier plus spermicide) for a least 1 month prior to Visit 1

and throughout study; or,
f. Hormonal contraceptives for at least 3 months prior to Visit 1 and throughout study.

Exclusion Criteria

1. Has nasal septal deformity such as cleft lip and palate, choanal atresia, atropic rhinitis, rhinitis medicamentosa.
2. Has septal perforation.
3. Has had recent nasal/midface trauma (<3 months).
4. Has nasal or facial fracture.
5. Has had recent nasal/sinus surgery (<3 months).
6. Has a bleeding disorder such as Von Willebrand disease or hemophilia.
7. Has severe respiratory distress.
8. Has neoplasm such as angiofibroma, sinus tumor, granuloma.
9. Has had nasal congestion present more than 10 days with fever (temperature ≥ 100.4 F) and nasal mucous is an abnormal

color.
10. Uses drug substances inhaled through the nasal system that, in the opinion of the investigator, would confound the results of

the study.
11. Is currently treating migraine using a prescription for a Schedule II narcotic.
12. Is a current cocaine user.
13. Has skin around and inside the nasal passage that is dry, cracked, oozing, or bleeding.
14. Has recurrent nosebleeds.
15. Has allergy to bupivacaine.
16. Is known to be pregnant, actively trying to become pregnant, or breastfeeding.
17. Has concurrent cervicogenic headache or occipital neuralgia as defined by ICHD criteria.
18. Has severe clinical depression or severe anxiety that, in the opinion of the investigator, may interfere with study participation.
19. Is unable to understand the study requirements, the informed consent, or complete headache records as required per proto-

col, or is unwilling to complete headache records or continue participation in the study.
20. Has received any investigational agents within 30 days prior to visit 1.
21. Plans to participate in another clinical study at any time during this study.

ICHD = International Classification of Headache Disorders, second edition.
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18.61, P < .001) (Fig. 3). Subjects receiving treatment
with bupivacaine experienced a statistically significant
reduction in the NRS scores compared with those
receiving saline at baseline,15 minutes,30 minutes,and

24 hours after treatment (Fig. 3, Table 5). Subjects
treated with bupivacaine experienced a statistically
significant decrease from their baseline scores 15
minutes (Mdiff = −0.65, P < .001) and 30 minutes

Table 3.—Subject Demographics

Total (N = 41) Bupivacaine (n = 27) Saline (n = 14)

Gender
Male n = 10 (24.4%) n = 7 (25.9%) n = 3 (21.4%)
Female n = 31 (75.6%) n = 20 (74.1%) n = 11 (78.6%)

Age (years)
Mean 41.30 40.96 41.97
Standard deviation 12.59 11.63 14.71
Range (min, max) 18, 67 22, 63 18, 67

Ethnicity
Caucasian n = 34 (82.9%) n = 20 (74.1%) n = 14 (100%)
African American n = 4 (9.8%) n = 4 (14.8%) n = 0 (0%)
Other n = 3 (7.3%) n = 3 (11.1%) n = 0 (0%)

Enrollment
First subject In 9/17/2012

Assessed for eligibility (n = 55)

Randomized (n = 41)

Excluded (n = 14)
Not mee�ng inclusion criteria (n = 12)

Withdrew consent (n = 2)

Allocated to sham saline group (n = 14)
Received allocated interven�on (n = 14)

Allocated to bupivacaine group (n = 27)
Received allocated interven�on (n = 27)

Alloca�on

Discon�nued interven�on (n = 0)Discon�nued interven�on
Withdrew consent (n = 1)

Analyzed (n = 12)
Excluded from analysis

Protocol viola�on (n = 2)

Analyzed (n = 26)
Excluded from analysis

Protocol viola�on (n = 1)

Analysis

Follow-up
Last subject out 2/5/2014

Fig 2.—Study flow diagram.
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(Mdiff = −0.77, P < .001) after treatment and they
continued to experience relief 24 hours after the
procedure (Mdiff = −0.29, P = .02). Although subjects
receiving sham saline did experience a statistically
significant decrease from baseline in NRS scores at
15 minutes (Mdiff = −0.27, P < .001) and 30 minutes

(Mdiff = −0.33, P < .001), by 24 hours a statistically sig-
nificant increase from baseline was found (Mdiff = 0.42,
P = .045).

To establish the effect of repeated sphenopala-
tine blocks and to confirm differences in the NRS
pooled were not solely a regression to the mean,

Table 4.—Migraine Characteristics

Total (M) Bupivacaine (M) Saline (M)

Chronic migraine diagnosis duration (years) 8.58 8.78 8.20
Baseline headache characteristics

Migraine days 15.2 15 15.8
Headache days 23.6 23.1 24.8

Table 5.—Numeric Rating Scale Scores for Pooled Treatments 1-12

n M (SD) P value

Before treatment Bupivacaine 26 3.18 (2.79) .010*
Saline 12 3.78 (2.48)

15 Minutes posttreatment Bupivacaine 26 2.53 (2.61) <.001**
Saline 12 3.51 (2.39)

30 Minutes posttreatment Bupivacaine 26 2.41 (2.61) <.001**
Saline 12 3.45 (2.36)

24 Hours posttreatment Bupivacaine 26 2.85 (2.74) <.001**
Saline 12 4.20 (2.62)

*P ≤ .05; **P ≤ .001.
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Fig 3.—Treatment with bupivacaine delivered with the Tx360® device reduced average pooled numeric rating scale (NRS) scores
compared with those treated with saline. Average NRS scores from all treatments pooled are shown. Between group P values:
Before treatment *P = .010; 15 minutes, 30 minutes, and 24 hours posttreatment **P < .001.
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further analysis examining changes in the NRS
through each of the treatment cycles was conducted.
Although not statistically significant, there was a
decreasing trend in the bupivacaine group across the
12 treatments compared with those receiving sham
saline 15 minutes posttreatment (Fig. 4, Table 6). A
similar trend was seen in NRS scores 30 minutes and
24 hours after treatment (Figs. 5 and 6 and Tables 7
and 8).

NRS scores from each subject were normalized
to the pretreatment values, and the percent changes
from pretreatment values of all treatments pooled

were determined. Results from a repeated measures
ANOVA showed a statistically significant main
effect of time (F[2,349] = 9.53, P < .001) and group
(F[1,350] = 34.54, P < .001) for percent change of
NRS scores. Subjects in the bupivacaine group
reported a statistically significant greater decrease in
pain severity at 15 minutes, 30 minutes, and 24 hours
after treatment than those receiving only saline
(Fig. 7, Table 9).

Results from a repeated measures ANOVA
revealed a statistically significant between-subject dif-
ference in PGIC scores over time, F(1,432) = 66.86,
P < .001. Subjects receiving bupivacaine reported
statistically significant lower PGIC scores than those
receiving saline, indicating greater impression of
improvement at both 30 minutes (M = mean, SD =
standard deviation; M = 3.00, SD = 1.02 vs M = 3.72,
SD = 0.53, P < .001) and 24 hours (M = 3.08, SD =
1.26, vs M = 3.88, SD = 1.02, P < .001) posttreatment,
respectively. Within-subject comparisons revealed
a statistically significant increase in PGIC scores for
the saline group, P = .04, indicating a worsening of the
condition.

Average acute medication usage during the
4-week baseline period for saline and bupivacaine
was similar (M = 23.3, SD = 22.1, vs M = 17.6,
SD = 12.5; Z = 0.35, P = .73). During the 6-week treat-
ment period, average acute medication usage was also
similar between saline and bupivacaine (M = 32.1,
SD = 44.6, vs M = 18.2, SD = 16.9; Z = 0.25, P = .80).
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Fig 4.—Average numeric rating scale scores 15 minutes after repetitive sphenopalatine blocks with either bupivacaine or sham saline.

Table 6.—Numeric Rating Scale Scores 15 Minutes
Posttreatment

n M (SD)

Pretreatment Bupivacaine 26 4.78 (2.76)
Saline 12 4.50 (2.43)

Treatment 1 & 2 Bupivacaine 26 3.25 (2.59)
Saline 12 3.71 (2.18)

Treatment 3 & 4 Bupivacaine 26 2.85 (2.75)
Saline 12 3.79 (2.45)

Treatment 5 & 6 Bupivacaine 26 2.56 (2.37)
Saline 12 3.38 (2.58)

Treatment 7 & 8 Bupivacaine 26 2.23 (2.65)
Saline 12 3.67 (2.41)

Treatment 9 & 10 Bupivacaine 26 2.10 (2.36)
Saline 12 3.25 (2.45)

Treatment 11 & 12 Bupivacaine 25 2.18 (2.82)
Saline 12 3.25 (2.44)

SD = standard deviation.
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The procedure was well tolerated in both groups,
and there was no statistically significant difference in
AE reporting between the bupivacaine and saline
group, with an average of 7.52 (SD = 8.16) events in
the bupivacaine group and 5 (SD = 7.06) events in
the saline-treated group (Z = −1.19, P = .23). The
most common AEs for those treated with
bupivacaine were mouth numbness (18%), lacrima-
tion (29%), and bad taste (15%) (Table 10). There
were no statistically significant differences found in
the frequency of reporting of these 3 AEs between
bupivacaine and saline groups (X2 = 3.56, P = .06;
X2 = 2.65, P = .10; X2 = 1.44, P = .23), respectively. To
further investigate the influence of AEs on the

primary end-point, analysis was completed by com-
paring any subject who experienced mouth numb-
ness, lacrimation, or bad taste to those who did not.
No statistically significant differences were found
between these 2 groups, F(33, 1254) = 0.71, P = .89.

A serious AE did occur during the posttreatment
follow-up phase of the study. One subject, who
received saline, experienced a pulmonary embolism,
which resulted in death 81 days postfinal treatment.
This SAE was determined not be related to the study
treatment.

HIT-6 scores did not indicate a between-group
interaction from before treatment to the final treat-
ment. However, HIT-6 scores were statistically
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Fig 5.—Average numeric rating scale scores 30 minutes after repetitive sphenopalatine blocks with either bupivacaine or saline.
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Fig 6.—Average numeric rating scale scores 24 hours after repetitive sphenopalatine blocks with either bupivacaine or saline.
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decreased in subjects receiving treatments with
bupivacaine from before treatment to the final treat-
ment (Mdiff = −4.52 [95% confidence interval {CI}:
0.29 to −3.38], P = .005), whereas no statistically sig-
nificant change was seen in the sham saline group
(Mdiff = −1.50 [95% CI: −1.56 to −7.94], P = .13)
(Fig. 8).

DISCUSSION
This pilot study illustrates that SPG blockade

with 0.3 cc of 0.5% bupivacaine delivered by the
Tx360® device has superior efficacy to sham saline
blockade as a repetitive acute treatment for headache
pain associated with CM. The benefit was observed at
both the 15 and 30 minute postprocedure time points

Table 8.—Numeric Rating Scale Scores 24 Hours
Posttreatment

n M (SD)

Pretreatment Bupivacaine 26 4.58 (2.76)
Saline 12 4.50 (2.43)

Treatment 1 & 2 Bupivacaine 26 3.24 (2.53)
Saline 12 4.30 (2.14)

Treatment 3 & 4 Bupivacaine 26 3.25 (2.88)
Saline 12 5.00 (2.41)

Treatment 5 & 6 Bupivacaine 26 2.54 (2.53)
Saline 12 4.04 (2.84)

Treatment 7 & 8 Bupivacaine 26 2.84 (2.93)
Saline 12 3.50 (2.81)

Treatment 9 & 10 Bupivacaine 26 2.52 (2.55)
Saline 12 4.46 (2.65)

Treatment 11 & 12 Bupivacaine 25 2.63 (2.95)
Saline 12 3.88 (2.77)
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Fig 7.—Subjects treated with bupivacaine had a statistically
significant greater decrease in pooled numeric rating scale
scores from baseline compared to those receiving sham saline.
Between group P values: 15 minutes, 30 minutes, 24 hours post-
treatment P < .001.

Table 9.—Numeric Rating Scale Percent Change

M (SD) P value

15 Minutes posttreatment Bupivacaine −23.3 (34.5) <.001**
Saline −4.31 (27.3)

30 Minutes posttreatment Bupivacaine −27.7 (37.1) <.001**
Saline −5.41 (29.2)

24 Hours posttreatment Bupivacaine −15.5 (69.9) <.001**
Saline 13.5 (78.8)

*P ≤ .05; **P ≤ .001.

Table 7.—Numeric Rating Scale Scores 30 Minutes
Posttreatment

n M (SD)

Pretreatment Bupivacaine 26 4.58 (2.76)
Saline 12 4.50 (2.43)

Treatment 1 & 2 Bupivacaine 26 3.12 (2.65)
Saline 12 3.63 (2.28)

Treatment 3 & 4 Bupivacaine 26 2.60 (2.70)
Saline 12 3.83 (2.43)

Treatment 5 & 6 Bupivacaine 26 2.39 (2.31)
Saline 12 3.29 (2.46)

Treatment 7 & 8 Bupivacaine 26 2.19 (2.77)
Saline 12 3.63 (2.39)

Treatment 9 & 10 Bupivacaine 26 2.06 (2.38)
Saline 12 3.21 (2.48)

Treatment 11 & 12 Bupivacaine 25 2.20 (2.81)
Saline 12 3.13 (2.31)

SD = standard deviation.
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Table 10.—Adverse Events

Total Bupivacaine Saline

Subject
Frequency

Event
Frequency

Subject
Frequency

Event
Frequency

Subject
Frequency

Event
Frequency

f (%) f (%) f (%) f (%) f (%) f (%)

Anxiety 1 (2) 1 (<1) 1 (4) 1 (<1) 0 (0) 0 (0)
Bad taste 8 (20) 33 (12) 7 (26) 30 (15) 1 (7) 3 (4)
Blurred vision 1 (2) 1 (<1) 1 (4) 1 (<1) 0 (0) 0 (0)
Body pain 2 (5) 2 (1) 2 (7) 2 (1) 0 (0) 0 (0)
Cold 9 (22) 9 (3) 7 (26) 7 (3) 2 (14) 2 (3)
Congestion 2 (5) 2 (1) 2 (7) 2 (1) 0 (0) 0 (0)
Cough 1 (2) 2 (1) 1 (4) 2 (1) 0 (0) 0 (0)
Diarrhea 1 (2) 1 (<1) 1 (4) 1 (<1) 0 (0) 0 (0)
Dizziness 2 (5) 5 (2) 0 (0) 0 (0) 2 (14) 5 (7)
Drowsiness 1 (2) 10 (4) 0 (0) 0 (0) 1 (7) 10 (14)
Ear infection 1 (2) 1 (<1) 0 (0) 0 (0) 1 (7) 1 (1)
Ear pain 1 (2) 10 (4) 0 (0) 0 (0) 1 (7) 10 (14)
Ear ringing 2 (5) 2 (1) 0 (0) 0 (0) 2 (14) 2 (3)
Elevated blood pressure 1 (2) 1 (<1) 1 (4) 1 (<1) 0 (0) 0 (0)
Eye infection 2 (5) 2 (1) 2 (7) 2 (1) 0 (0) 0 (0)
Eye sting 1 (2) 12 (4) 0 (0) 0 (0) 1 (7) 12 (17)
Facial numbness 1 (2) 1 (<1) 1 (4) 1 (<1) 0 (0) 0 (0)
Facial pain 2 (5) 4 (1) 2 (7) 4 (2) 0 (0) 0 (0)
General numbness 1 (2) 1 (<1) 1 (4) 1 (<1) 0 (0) 0 (0)
Head pain 1 (2) 1 (<1) 1 (4) 1 (<1) 0 (0) 0 (0)
Heartburn 1 (2) 1 (<1) 0 (0) 0 (0) 1 (7) 1 (1)
Indigestion 1 (2) 1 (<1) 1 (4) 1 (<1) 0 (0) 0 (0)
Insomnia 1 (2) 1 (<1) 0 (0) 0 (0) 1 (7) 1 (1)
Lacrimation 9 (22) 59 (22) 8 (30) 58 (29) 1 (7) 1 (1)
Laryngitis 1 (2) 1 (<1) 0 (0) 0 (0) 1 (7) 1 (1)
Light headed 3 (7) 4 (1) 1 (4) 1 (<1) 2 (14) 3 (4)
Low back pain 1 (2) 1 (<1) 0 (0) 0 (0) 1 (7) 1 (1)
Mouth numbness 6 (15) 37 (14) 6 (22) 37 (18) 0 (0) 0 (0)
Nasal bleeding 3 (7) 3 (1) 2 (7) 2 (1) 1 (7) 1 (1)
Nasal drainage 2 (5) 23 (8) 2 (7) 23 (11) 0 (0) 0 (0)
Nasal irritation 7 (17) 13 (5) 4 (15) 7 (3) 3 (21) 6 (9)
Nasal swelling 1 (2) 1 (<1) 0 (0) 0 (0) 1 (7) 1 (1)
Nausea 1 (2) 8 (3) 1 (4) 8 (4) 0 (0) 0 (0)
Neck pain 1 (2) 1 (<1) 0 (0) 0 (0) 1 (7) 1 (1)
Numb throat 1 (2) 2 (1) 1 (4) 2 (1) 0 (0) 0 (0)
Occipital pain 1 (2) 1 (<1) 0 (0) 0 (0) 1 (7) 1 (1)
Palpitations 1 (2) 2 (1) 1 (4) 1 (<1) 1 (7) 1 (1)
Pneumonia 1 (2) 1 (<1) 0 (0) 0 (0) 1 (7) 1 (1)
Sinus infection 1 (2) 1 (<1) 0 (0) 0 (0) 1 (7) 1 (1)
Sinus inflammation 1 (2) 1 (<1) 1 (4) 1 (<1) 0 (0) 0 (0)
Sinus numbness 1 (2) 1 (<1) 1 (4) 1 (<1) 0 (0) 0 (0)
Sneeze 1 (2) 1 (<1) 1 (4) 1 (<1) 0 (0) 0 (0)
Sore throat 4 (10) 4 (1) 2 (7) 2 (1) 2 (14) 2 (3)
Sprained ankle 1 (2) 1 (<1) 0 (0) 0 (0) 1 (7) 1 (1)
Thumb laceration 1 (2) 1 (<1) 0 (0) 0 (0) 1 (7) 1 (1)
Tingling 1 (2) 1 (<1) 1 (4) 1 (<1) 0 (0) 0 (0)
Tooth abscess 1 (2) 1 (<1) 1 (4) 1 (<1) 0 (0) 0 (0)
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and sustained at the 24-hour time point. Over the
6-week injection cycle, there was a statistically signifi-
cant reduction of pretreatment NRS scores with suc-
cessive SPG block using bupivacaine, but not sham
saline. There was also sustained improvement in
PGIC at 24 hours posttreatment and statistically sig-
nificant improvement in HIT-6 scores comparing pre-
treatment scores vs postfinal treatment scores.

The SPG blockade procedure with the Tx360®

was well tolerated whether delivering bupivacaine or
saline. There were few systemic AEs for either group.
The most common AEs were lacrimation, unpleasant
taste, and mouth numbness, although the increase in
frequency in reporting in the treatment group did not
significantly affect the primary outcome. All AEs
were considered mild to moderate, short in duration,
and resolved spontaneously. No subject withdrew
because of AEs.

There is a clinical need to better understand the
efficacy and clinical utility of acute and preventive
treatment for patients with CM. This is challenging
given the paradigms for clinical study design of acute
treatment of migraine were largely developed for
study of EM. Although generally, pharmacological
treatment of migraine is divided into acute and pro-
phylactic, the distinction between acute and preven-
tative treatments becomes less clear as migraine
frequency increases. For example, in EM, the optimal
definition of success for acute treatment (supported
by the IHS) is 2-hour pain freedom or 24-hour sus-
tained pain freedom.21 This 2-hour pain free paradigm

works well to measure a decrease in attack duration
when a headache is destined to terminate within a
defined time span. However, in CM, the benefit of a
pain-free outcome is more elusive as patients may not
experience headache termination and often return to
a prolonged low-grade baseline headache, following
acute treatment. Even when patients become pain-
free, it is often for a brief time period and followed in
close proximity by the emergence of more headache
events. When sustained, a reduction of headache
often represents welcomed clinically meaningful
relief.

This clinical dilemma is illustrated in this study
as the study population was experiencing nearly 25
days of headache per 28-day period through baseline,
suggesting that pain-free days, while undoubtedly
desirable, were uncommon. SPG blockade with
bupivacaine produced sustained relief to 24 hours
postprocedure and with repeated SPG blockade was
associated with continued reduction of the pretreat-
ment baseline headache pain over the study period.
Sustained benefit of this statistically significant relief
was reflected in the reduction in HIT-6 scores for SPG
blockade with bupivacaine, but not saline. It may be
that an appropriate end-point for acute treatment of
CM is better defined by patient-centered standards
based on what is meaningful to the patient and analy-
sis of improvement in the overall pattern of headache
rather than a single time point following a treatment
intervention.

Additionally, there is a clear clinical need to have
alternative treatments for acute intervention that do
not put CM patients at risk for MOH or at the very
least can be used in conjunction with other acute drug
interventions to reduce exposure to medications asso-
ciated with MOH. Both clinical trials and epidemio-
logical studies suggest that most CM patients use acute
medication at frequencies above those defined as MO
by ICHD-III beta.22,23 Although repeated exposure to
bupivacaine has to date not been associated with
MOH, further studies will be required before this can
be stated conclusively. However, we hypothesize that
the use of SPG blockade may represent a viable alter-
native to increasing the use of acute medication. This
may be a particularly good option given the overall
benefit observed with the completion of the series of

Fig 8.—Repetitive sphenopalatine blocks with bupivacaine
caused a statistically significant decrease in Headache Impact
Test-6 scores, P = .005*; bupivacaine n = 25, saline n = 11.
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SPG blocks, high degree of tolerability, and ease of
administration. Clearly, SPG blockade in CM patients
warrants further investigation.

There are numerous limitations to this study.
First, the AEs of lacrimation, taste, and oral numbing
in subjects receiving bupivacaine may suggest that
study blinding was not maintained for all subjects. A
lemon candy was used as a taste distractor for the
subjects, but it did not distract them from taste dis-
crimination in all cases and could not prevent mouth
numbness or lacrimation. We conducted an analysis
of first treatment results in an effort to minimize
unblinding of the study by the experiences of AEs. In
the first treatment analysis, the efficacy of SPG with
active medication was similar to that observed in the
pooled data. Furthermore, the primary end-point was
not statistically different when comparing those who
experience AEs to those who did not. Other limita-
tions included a small sample size of the study popu-
lation and an inability to control for headache
intensity at the time of treatment due to difficulties in
the scheduling of CM subjects for multiple treatments
in a specific time frame. Controlling for these vari-
ables would be of interest in future studies.

In addition, no effort was made to identify a sub-
population of subjects with CM that may have been
more appropriate for SPG blockade. In retrospect, we
might have delineated further between MO and
MOH patients, and this too is a limitation to the
study. For example, subjects with frontal headaches or
subjects with or without MO may have responded
differently to repetitive SPG blockade than the
general CM population. Further limitations of the
study include the exploratory nature of its design.
The optimal frequency and duration of SPG blockade
in CM is unknown. Additionally, there was neither
control of comorbidities nor usage of abortive medi-
cations before treatments that might affect efficacy.
Finally, there are no studies of the long-term safety of
repetitive SPG blockade. These limitations provide
opportunities for further study and research.

CONCLUSION
Recognizing the limitations of this study, we con-

clude that these data suggest that SPG blockade with
bupivacaine delivered repetitively with the Tx360®

device appears to demonstrate early potential as an
acute treatment of headache in some subjects with
CM. Statistically significant headache relief is noted
at 15 and 30 minutes and sustained at 24 hours for
SPG blockade with bupivacaine vs saline. The Tx360®

device was simple to use and not associated with
any statistically significant or lasting AEs. Further
research on the efficacy, optimal frequency, and
numbers of repetitive SPG blockade is warranted.
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