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Research Highlights

(1) We searched 137 related articles in Science Citation Index database, with only three related to
imaging of acupuncture for patients. Furthermore, we did not find any functional MRI studies of pa-
tients with migraine.

(2) The searched 137 articles focused on characteristics of central immediate responses to
puncture, but no central mechanism regarding the cumulative effects of acupuncture was reported
by functional MRI studies.

(3) We will use functional MRI to explore the central analgesic mechanism of the cumulative effects
of acupuncture for migraine.

Abstract

Shaoyang acupoints are the most frequently used in migraine treatment. However, the central anal-
gesic mechanism remains poorly understood. Studies have demonstrated that single stimulus of the
verum acupuncture in healthy subjects can induce significant connectivity or activity changes in pain-
related central networks compared with sham acupuncture. However, these findings are not indicative
of the central analgesic mechanism of acupuncture at Shaoyang acupoints. Thus, we recruited 100
migraine sufferers and randomly assigned them into five groups: Shaoyang uncommon acupoint,
Shaoyang common acupoint, Yangming uncommon acupoint, non-acupoint control, and blank control
groups. Subjects were subjected to evaluation of curative effects and functional MRI prior to and after
10 and 20 acupuncture treatments. All subjects were diagnosed by physicians and enrolled following
clinical physical examination. Subjects were observed during 1-4 weeks after inclusion. At the fifth
week, the first clinical evaluation and resting functional MRI were conducted. The Shaoyang
mon acupoint, Shaoyang common acupoint, Yangming uncommon acupoint, and non-acupoint control
grousp then were treated with acupuncture, five times per week, 20 times in total over 4 weeks. The
second and third clinical evaluations and resting functional MRI screenings were conducted following
10 and 20 acupuncture treatments. The blank control group was observed during the 5 to 8 week pe-
riod, followed by clinical evaluation and resting functional MRI. The aim of this study was to examine
changes in brain functional activity and central networks in subjects with migraine undergoing acu-
puncture at Shaoyang uncommon acupoints. This study provides a further explanation of the central
analgesic mechanism by which acupuncture at Shaoyang acupoints treats migraine.
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INTRODUCTION

Migraine is a common complaint worldwide
that typically manifests as repeated episodes
of moderate or severe pulsating hemilateral
headache, often accompanied by nausea,
phonophobia, or photophobia. National epi-
demiological investigations have reported a
prevalence in adults of 4.2—-14.6% in China'™
and approximately 12% in Western coun-
tries”. Migraine also presents with a
sex-related prevalence, with 16-18% of fe-
males and 6-8% of males affected®*. Al-
most 90% of migraine patients experience
moderate or severe pain, 75% have to limit
their daily activities, and 33% are confined to
bed during migraine attacks®. As a result,
effective therapies are required by both pa-
tients and practitioners.

Acupuncture is widely used by Chinese and
other Oriental populations for analgesia, and
has been gradually accepted as a comple-
mentary analgesic therapy in the West. Clin-
ical data suggest that acupuncture can be at
least as effective as migraine prophylactic
drugs with fewer adverse events, and also
relieve acute or chronic migraine symp-
toms®*?. In traditional Chinese acupuncture
theory and practice, acupoints on Shaoyang
meridians (Sanjiao Meridian and Gallbladder
Meridian) are the classical targets for mi-
graine treatment. Thus, acupuncture, espe-
cially puncturing Shaoyang acupoints, may
become a recommended treatment for mi-
graine sufferers.

Functional MRI has been increasingly ap-
plied to detect central mechanisms of acu-
puncture analgesia. For example, in healthy
subjects undergoing experimental induced
pain, our previous study indicated that both
verum acupuncture (puncturing verum acu-
points) and sham acupuncture (puncturing
sham acupoints) could modulate amygda-
la-associated brain networks that regulate
pain sensation and modulation; however,
verum acupuncture induced a higher level of
correlations among this network™.

Other studies have also demonstrated that

verum acupuncture can increase the con-
nectivity of the default mode network with
the pain and sensorimotor network and with
pain-related brain regions™?, and elicit sig-
nificant activation in the affective compo-
nents of the pain matrix™®. Furthermore,
Li et al ¥ and Linde et al™ suggested that
acupuncture may delay suffering from mi-
graines. Although signal changes in pain-
related brain areas were induced both in
verum acupuncture and sham acupuncture,
some of the brain regions showed strong
functional connectivity during the post- ve-
rum acupuncture period™ ™. This provides
an explanation for the efficacy of vernum
acupuncture during the post-needling period
for migraine treatment.

However, previous functional MRI studies
were performed on healthy subjects with
pain tasks to observe central responses
induced by a single acupuncture stimulus. It
remains unclear whether there are different
central responses in migraine patients and
healthy subjects, and whether there are
different brain responses evoked by a single
acupuncture stimulus versus repeated
acupuncture treatment.

Additionally, acupoints of Shaoyang meri-
dians are the most frequently applied for
treating migraine in traditional Chinese style
acupuncture. Our previous study supported
the superior effect of Shaoyang acupoints,
which involved central regulation via brain
regions related to the pons-pain matrix, in
migraine subjects when compared with sti-
mulating other meridians™”. Moreover, on
Shaoyang meridians, some acupoints are
more frequently used in migraine treatment
than others. However, it remains unclear
whether the analgesic mechanism induced
by acupoints of Shaoyang meridians differs
from that by acupoints of other meridians,
and whether commonly used acupoints of
Shaoyang meridians differ from that by un-
commonly used Shaoyang meridians.

Thus, the aim of the present study was to
determine whether migraine sufferers exhibit:
(1) different central analgesic responses
induced by sessions of verum acupuncture
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versus sham acupuncture; (2) different functional brain
responses evoked by puncturing acupoints on Shaoyang
meridians versus acupoints on other meridians; and (3)
different brain responses aroused by puncturing com-
monly used acupoints versus uncommonly used acu-
points on Shaoyang meridians.

SUBJECTS AND METHODS

Design
A clinical study of neuroimaging.

Time and setting

The experiments were conducted from April 2010 to
December 2012. Laboratory examinations and acu-
puncture treatment were performed in the Third Hospital
affiliated to Chengdu University of Traditional Chinese
Medicine, Chengdu, Sichuan Province, China. Function-
al MRI scanning was conducted in Huaxi MR Research
Center, Chengdu, Sichuan Province, China.

Subjects

This trial has been registered on www.clinicaltrial.gov
and its identifier ID is NCT01152632. The trial is still in
the status of patient recruitment. We expect to publish
the trial design to pursue cooperation with global scho-
lars. This study was performed in compliance with the
Administrative Regulations on Medical Institution made
by the State Council of China™®.

Participants will be recruited from outpatients of the
Third Teaching Hospital and students of Chengdu
University of Traditional Chinese Medicine with mi-
graine. After laboratory examinations and definite clin-
ical diagnosis, all potential participants will be informed
about the possible risks associated with acupuncture
(bleeding, hematoma, and fainting), and will be re-
guested to sign the informed consent forms and told
that they may withdraw at any time, without any penalty
or loss of benefits for participating. Ultimately, 100
volunteers will be included and randomly allocated into
five groups: three verum acupoint groups and two
control groups. Verum acupoint groups include
Shaoyang common acupoint, Shaoyang uncommon
acupoint, and Yangming uncommon acupoint groups.
Two control groups involve a non-acupoint group and a
blank control group. There will be 20 subjects in each

group.

The study will last for 8 weeks. In weeks 1 to 4, partici-
pants will be required to fill in headache diaries as base-

line. Subjects in the verum acupoint groups will then
receive 20 sessions of manual acupuncture treatment,
and three functional MRI screenings and efficacy evalu-
ations in weeks 5 to 8. Subjects in the blank control
group will only receive three functional MRI scans and
efficacy evaluations, but no acupuncture. Acupuncture
treatment frequency will be 10 sessions over each
2-week period. The first functional MRI screening and
clinical evaluation will be performed prior to the first
acupuncture treatment, followed the second and third
functional MRI scans and efficacy evaluations at the
tenth and twentieth acupuncture treatments, respectively
(Figure 1).

Inclusion criteria

Subjects will be enrolled if they: (1) are right-handed; (2)
are aged between 17 and 45 years; (3) match diagnostic
criteria of migraine without aura made by the Interna-
tional Classification of Headache Society in 2004 (lateral
headache without organic disorders)™; (4) are at least 6
months from the first onset; (5) have had at least one
attack during the last month; (6) exhibit moderate or se-
vere headache intensity in Visual Analogue Scale
(VAS)®: and (7) exhibit low or mild anxiety and depres-
sion assessed by Self-rating Anxiety Scale (SAS)?" and
Self-Rating depressive Scale (SDS)??.

Exclusion criteria

Subjects will be excluded if they: (1) have headache
aroused by hypertension, brain trauma, or organic dis-
orders; (2) exhibit serious illness including cancers; (3)
have serious dysmenorrhea, pregnancy, lactation, or
planned pregnancy; (4) experienced administration of
psychotropic substances in the last 3 months and va-
soactive drugs in the last 2 weeks; or (5) have contrain-
dications of functional MRI scanning.

Dropout criteria

Subjects will be recognized as dropouts if they are: (1)
absent from the first functional MRI screening; or (2) do
not receive five treatments before the second functional
MRI scan or ten treatments before the third functional
MRI scan.

Methods

Interventions

Location of acupoints and non-acupoints and their stan-
dard operation procedures are shown in Figure 2 and
Table 1. Throughout the trial period, all volunteers will
receive non-steroidal anti-inflammatory drugs if neces-
sary (the drug dose and brands will be recorded clearly in
headache diaries).
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Patients screened (n = 351)

Weeks 1-4

Patients excluded (n = 20)

Baseline period (n = 120)

Randomization (100 participants estimated)

Shaoyang common
acupoints (n = 20)

acupoints (n = 20)

‘Yangming uncommon Shaoyang uncommon
acupoints (n = 20)

Blank control
(n=20)

Non-acupoints
(n=20)

1% efficacy evaluation

1 functional MRI scanning

1% functional MRI scanning
1% efficacy evaluation

2" functional MRI scanning

2" efficacy evaluation

Weeks 5-6 10 sessions of acupuncture
2" functional MRI scanning

2" efficacy evaluation
Weeks 7-8 I 10 sessions of acupuncture

3" functional MRI scanning

3" efficacy evaluation

3 functional MRI scanning

3"efficacy evaluation

Figure 1 Trial flow.

Verum acupuncture interventions

Verum acupoints include Yanglingquan (GB34), Qiuxu
(GB40), and Waiguan (SJ5) in the Shaoyang common
acupoint group; Xiyangguan (GB33), Diwuhui (GB42),
and Sanyangluo (SJ8) in the Shaoyang uncommon
acupoint group; Zusanli (ST36), Chongyang (ST42), and
Pianli (L16) in the Yangming uncommon acupoint group.
During weeks 5 to 8, 20 sessions of manual acupuncture
treatment, approximately five times per week, will be
performed on bilateral acupoints by an acupuncture
doctor with 5 years of acupuncture training and 1 year of
practical experience. Needles will be sterile, gauge 32,
lengths of 25 mm and 40 mm, and single-use (Suzhou
Medical Appliance Co., Ltd., Jiangsu, China). The ma-
nipulation will be conducted using standard operation
procedures, as follows. After needle insertion, lifting,
thrusting, and rotating will be continued until "deqi" sen-
sations appear. The needle will be maintained for
30 minutes, during which manipulations will be con-
ducted twice.

Control interventions
The two control interventions will be sham acupuncture
and blank control. The manipulation of sham acupunc-
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ture will be conducted as described above. In this study,
we will select non-acupoints reported in previous studies,
including non-acupoint 1, non-acupoint 2, and non-
acupoint 3¥*%!, The blank control group will be used to
observe whether migraine patients can exhibit self-
healing during experimentation.

Clinical evaluations

Each participant will be required to fill in an 8-week
headache diary and a copy of a case report form, from
which all efficacy evaluation data will be obtained.

In the headache diaries, headache frequency, headache
intensity, each attack duration, and days off work will be
recorded. The diaries will also record migraine triggers,
headache location and accompanying symptoms, side
effects brought on by acupuncture, and analgesic medi-
cation intake including brands and doses.

In the case report forms, basic information of each pa-
tient will be collected including birth date, body mass,
height, career, education degree, the latest menstruation
date, and migraine history. Headache days, average
pain intensity, anxiety, and depression will be evaluated
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at the end of weeks 4, 6, and 8. Quality of life will be
assessed at the end of weeks 4 and 8.
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Figure 2 Location of acupoints and non-acupoints.

Group 1: Commonly used acupoints of Shaoyang
meridians.

Group 2: Uncommonly used acupoints of Shaoyang
meridians.

Group 3: Commonly used acupoints of Yangming
meridians.

Group 4: Non-acupoints (1-3).

Primary outcomes

Primary outcomes include headache days and pain in-
tensity at the end of weeks 4, 6, and 8. Headache days
will be obtained from headache diaries with a total of 7
days of records. Pain intensity will be assessed by mi-
graine VAS from number 1 to 10, where pain intensity
“x=0" represents no pain, pain intensity “x” (1< x <4)
represents mild pain (little impact on everyday activities),
“X” (4= x < 7) represents moderate pain (significant im-
pact on everyday activities), and “X” (7€ x <10)
represents severe pain (incapacity to perform daily activ-

ities). Considering individual bias to mild pain, only pa-
tients with moderate and severe headache will be in-
cluded.

Table 1 Standard operation procedures of acupoints and
non-acupoints (NAP)

Group Acupoint Manipulation

1 Qiuxu (GB40) Punctured perpendi-
cularly 0.5-0.8 cun
Punctured perpendi-
cularly 0.8-1.2 cun
Punctured perpendi-
cularly 1-1.5 cun
Punctured perpendi-
cularly 0.8-1.2 cun
Punctured perpendi-
cularly 1-1.5 cun
Punctured perpendi-
cularly 0.5-0.8 cun
Punctured perpendi-
cularly 0.3-0.5 cun,
steering clear of the
artery
Punctured perpendi-
cularly 0.5-0.8 cun
Punctured perpendi-
cularly
1-2 cun
Punctured perpendi-
cularly 0.5-1 cun

Waiguan (SJ5)
Yanglingguan (GB34)
2 Sanyangluo (SJ8)
Xiyangguan (GB33)
Diwuhui (GB42)

3 Chongyang (ST42)

Pianli (L16)

Zusanli (ST36)

4 NAP 1
(Ulnar side, half between
epicondylus medialis of the
humerus and ulnar side of
the wrist)

NAP 2 Punctured perpendi-
(Two cun above the carpal cularly 0.5-1 cun
cross striation between San-
jiao meridian and Small In-
testine meridian)

NAP 3 Punctured perpendi-
(lateral from ST36 about 1 to  cularly 1-1.5 cun
2 cm horizontally)

1 cun = 3.33 cm. Group 1: Commonly used acupoints of Shaoyang
meridians. Group 2: Uncommonly used acupoints of Shaoyang
meridians. Group 3: Commonly used acupoints of Yangming meri-
dians. Group 4: NAP.

Secondary outcomes

All secondary outcomes will be obtained from records of
headache diaries and case report forms, as follows: (1)
headache frequency and each attack duration at the end
of weeks 4, 6, and 8; (2) days off work because of
headache and life quality at the end of weeks 4 and 8; (3)
anxiety and depression situation through SAS and SDS
at the end of weeks 4, 6, and 8; and (4) side effects due
to acupuncture, and analgesic medication intake at the
end of weeks 4, 6, and 8.

Functional MRI procedures
Preparation: During 24 hours prior to the scanning, pa-
tients will be required to maintain their regular lifestyle
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and not consume coffee, tea, alcohol, and tobacco.
During functional MRI screening, subjects will be in-
structed to remove metal, cards, cellphones, or any other
prohibited materials, and lie quietly on the examination
couch wearing eyeshades and earplugs.

Functional MRI scanning: Functional MRI screenings will
be performed on a 3.0 T magnetic resonance scanner
(Siemens 3.0 T Trio Tim, Munich, Germany), as follows:
strengthened three-dimensional anatomic images pa-
rameters of repetition time/echo time = 1 900 ms/2.26 ms,
slices = 30; matrix size = 128 x 128, field of view = 256 x
256 mm?, slice thickness = 1 mm. The blood oxygena-
tion-level dependent images will be acquired as repeti-
tion time/echo time = 2 000 ms/30 ms, flip angle = 90°,
slices = 30; matrix size = 128 x 128 mm?, field of view =
240 x 240, slice thickness =5 mm.

Data analysis

Clinical data analysis: We will test the following null hy-
pothesis with a significance level of P < 0.05. HO: “There
is no difference between groups”, H1: “There is a differ-
ence between groups”. Data distribution (normal or
skewed) will be assessed. For normal distribution data
(homogeneity of variances), analysis of variance for re-
peated measures will be employed for numerical va-
riables and Chi-square test for categorical variables.
Skewed distribution data will be transformed to be nor-
mal, or a test will be used. Clinical data analysis will be
conducted using SPSS 13.0 statistics software (SPSS,
Chicago, IL, USA).

Functional MRI image analysis: After data preprocessing
conducted on SPM5 software (statistical parametric
mapping; Wellcome Department of Cognitive Neurology,
London, UK), regional homogeneity and functional con-
nectivity analysis will be performed to detect the modula-
tion of different acupuncture interventions on pain-related
functional networks at three time-points (prior to acu-
puncture, and after the tenth and twentieth acupuncture
treatment).

DISCUSSION

This aim of this study is to examine the central mechan-
ism of acupuncture for pain modulation. Although there
are numerous neuroimaging studies on acupuncture,
only 3 of 137 clinical trials have examined the central
responses of acupuncture in patients, none of which
applied multiple acupuncture treatment sessions. Hence,
the two novel components of our study are: (1) migraine
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patients will be used as observation subjects rather than
healthy subjects, and (2) multiple acupuncture treatment
sessions will be used rather the single acupuncture sti-
mulus.

Because of the innovative study design, we have at-
tempted to improve the experimental quality and reduce
external interference to functional MRI scanning. First,
the verum acupoints will be identified according to their
frequency in traditional Chinese acupuncture ancient
literature (many without English versions) and clinical
Chinese trials. Non-acupoints will be selected by me-
thods stated in previous studies, and include those lat-
eral to acupoints, between two meridians, or between
physical landmarks (without clarified acupoints)®?®2.,
Second, “deqi” sensation is considered to be crucial to
efficacy in traditional Chinese acupuncture. In the
present study, sham acupuncture manipulations are
usually required to conduct superficial stimuli with or
without “deqi” sensations, resulting in some deficiencies.
This method has great similarity with the traditional Chi-
nese acupuncture technique of “shallow needling”, a
puncturing method on the skin level recorded in “(Hua-
ngdi’s) Internal Classic”. The superficial stimuli may ex-
cite sensory nerve peripherals below the skin, and
eventually induce some acute effects. Therefore, this
type of sham acupuncture is not the correct comparison
to verum acupuncture. On the other hand, sensations
induced by verum acupuncture and superficial sham
acupuncture will produce difficulty in blinding patients. In
our experiments, each manipulation on both verum
acupoints and non-acupoints will require “deqi” sensa-
tions of soreness, numbness, heaviness, or fullness.
Third, the treatment frequency of acupuncture is consi-
dered comparable to drug dose by Chinese acupunctur-
ists. As a result, participants will be required to receive at
least 10 treatments over a 4-week duration.

Bias factors will be well controlled throughout our expe-
rimental design. An independent practitioner will be re-
sponsible for randomization allocation and concealment,
and will not be involved in any other parts of this trial.
Because of difficulties in blinding the acupuncturists,
blinding will be performed in a separate treatment room.
The evaluator and statistician will also be blinded to al-
location of patients.

Functional MRI image acquisition can be easily affected
by external factors. Thus, we will control this in our study,
as follows. Acupuncture manipulation prior to scanning
will be conducted by the fixed acupuncturists in case any
interference comes from manipulations of different prac-
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titioners. Furthermore, to reduce the impact of the mental
status of the patients, practitioners will be trained to
evaluate patient anxiety and depression in advance, and
to inform patients of light, noise, and temperature during
screening prior to the first scanning.

In summary, in migraine sufferers, this functional MRI
trial protocol will be used to examine (1) different brain
functional networks induced by a 4-week duration of
verum acupuncture versus sham acupuncture; and (2)
different functional brain networks evoked by continuous
stimuli on acupoints of Shaoyang meridians versus other
meridians, and commonly used acupoints versus others
on Shaoyang meridians.
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