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Abstract
Background: A significant minority of chronic migraine (CM) subjects
fail conventional medical treatment (rCM), becoming highly disabled.
Implantation of an occipital nerve stimulator is a therapeutic option for
these subjects. Paresthesia-free cervical 10 kHz spinal cord stimulation
(HF10 SCS) may provide an alternative. We report the results of a
prospective, open-label, exploratory study assessing the long-term safety,
tolerability and efficacy of cervical HF10 SCS in cohort of rCM subjects.
Methods: Included subjects were diagnosed with CM by an
experienced headache specialist with the aid of an hourly headache
diary. They were refractory to conventional medical treatments
including onabotulinumtoxin-A injections. Medication overuse
headache was not an exclusion criteria. Enrolled subjects underwent a
2- to 4-week tunnelled cervical HF10 SCS trial followed by a permanent
system implant if a significant, subjective reduction in headache
intensity/episodes was reported during the trial. Subjects were evaluated
at baseline and 6 months after implantation with the aid of monthly
diaries and headache-specific questionnaires.
Results: Seventeen subjects underwent a trial of cervical HF10 SCS; 14
were still implanted at 6 months (one trial failure, one trial infection,
one implant site infection). Seven of the 14 subjects had >30%
reduction in headache days. The average reduction in headache days
was 6.9 for the overall population and 12.9 among the responders.
Three subjects reported tenderness over the IPG/connection site, and
one had a lead migration that required surgical revision.
Conclusion: Paresthesia-free cervical HF10 SCS may be a safe and
effective therapeutic option for chronic migraineurs refractory to
conventional treatments.

doi:10.1002/ejp.692

1. Introduction
Chronic migraine (CM) is diagnosed when subjects
report at least 15 days of headache per month, with at
least 8 of these days fulfilling the criteria for migraine
© 2015 European Pain Federation - EFICâ

headache (Headache Classification Subcommittee of
the International Headache Society, 2004). CM is a
severely debilitating condition affecting 2–5% of the
adult population (Irimia et al., 2011; Lipton, 2011).
Refractory chronic migraine (rCM) is diagnosed when
subjects continue to suffer with CM despite adequate
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What’s already known about this topic?
• Occipital nerve stimulation (ONS) is an available, minimally invasive treatment for chronic
migraine.
• ONS is associated with a significant incidence
of therapy-related adverse events.
• ONS clinical efficacy cannot be tested in a double-blinded randomized fashion as it generates
noticeable paresthesia.

2. Methods

What does this study add?

2.1. Participants

• This study explores the safety and feasibility of a
paresthesia-free cervical spinal cord stimulation
in the treatment of chronic migraine refractory
to conventional medical management.

trials of prophylactic and acute medications with proven efficacy (Schulman et al., 2008).
CM is currently considered as a disorder of the central nervous system (Goadsby and Sprenger, 2010)
that leads to structural, functional and pharmacological changes in the brain of affected subjects (Mathew,
2011). Occipital nerve stimulation (ONS) for refractory CM takes advantage of the functional continuum
of the trigeminal nucleus into the dorsal horn of the
high cervical region to neuromodulate, in a retrograde
fashion, the trigeminocervical complex (Bartsch and
Goadsby, 2003; Goadsby et al., 2009; Ellens and Levy,
2011). Case series show occipital nerve stimulation to
be efficacious for the treatment of several headache
disorders including migraine headaches, cluster
headache, hemicrania continua and occipital neuralgia (Ellens and Levy, 2011). Large, multi-centre,
randomized studies in refractory CM have shown efficacy – but the effect was less dramatic than expected
(Goadsby and Sprenger, 2010; Ellens and Levy, 2011).
HF10 SCS has been shown to be effective in some
chronic pain conditions and has the advantage to be
paresthesia-free (Al-Kaisy et al., 2014, 2015; Van
Buyten et al., 2013). It is reasonable to postulate that
cervical HF10 SCS may also neuromodulate the trigeminocervical complex and thus have an effect on
chronic rCM as traditional, low-frequency stimulation
of the cervical spinal cord has shown positive results
in a series of chronic cluster headache subjects
(Wolter et al., 2011).
The aim of this prospective, open-label, exploratory study was to assess short and long-term safety,
tolerability and efficacy of cervical HF10 SCS in subjects suffering from chronic migraine refractory to
conventional medical therapy.
2 Eur J Pain  (2015) –

This was a prospective, open-label, exploratory study
to assess the feasibility of cervical HF10 SCS as a
treatment for subjects with rCM. The study received
local ethics committee approval (Protocol Code
Number CE100112) and was registered on clinical
trials databases (NCT01653340 and EudraCT 2012002005-22). All subjects provided written informed
consent.

Subjects aged 18–65 suffering from rCM were
screened by an experienced headache specialist who
confirmed the diagnosis of CM according to the
guidelines published by the International Headache
Society (ICHD II) with the aid of a 30-day subjects’
headache hourly diary (Headache Classification Subcommittee of the International Headache Society,
2004).
The diagnosis of rCM was confirmed using the criteria provided by the Refractory Headache Special
Interest Section of the American Headache Society
(Schulman et al., 2008) – subjects had failed adequate trials of at least two preventive drugs (among
the following classes: beta blockers, anticonvulsants,
tricyclics, calcium channel blockers), and abortive
medicines (both a triptan and a non-steroidal antiinflammatory drug or combination analgesic).
Subjects fulfilling inclusion/exclusion criteria
(Table 1) completed a 30-day headache diary (which
also served as their baseline for the study) and those
subjects with at least 15 headache days per diary
were considered eligible for the study.
Diaries of eligible subjects were carefully evaluated
for medication overuse (MO) according to the ICDHII criteria (Silberstein et al., 2005). MO was not an
exclusion criteria, provided that subjects were on
stable dose of medication for at least 6 months. Subjects were allowed to continue their usual medications, including stable doses of migraine preventive
drugs.

2.2. Study design
Recruited subjects received a ‘tunnelled’ trial of cervical HF10 SCS for 2–4 weeks to assess tolerability to
the treatment. Because this was an exploratory
study, we did not set a pre-specified threshold to
classify subjects as responders at the end of the trial
phase. The decision to proceed to the permanent
implant of the system was left to the recruited subjects, who were advised to take into consideration
© 2015 European Pain Federation - EFICâ
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Table 1 Inclusion and exclusion study criteria.
Inclusion criteria

Exclusion criteria

Diagnosis of:
• Migraine

Treatment with onabotulinumtoxin-A in the last 3 months
Previous surgery at cervical spine, trigeminal or sphenopalatine level
Arnold–Chiari malformation
Pregnancy or potential for with unwillingness to use contraception
Fibromyalgia or other widespread chronic pain
Presence of an implanted electrical device
The need or the expected need for MRI scans
Significant psychiatric illness, severe depression and/or addictive behaviour
Unresolved litigation
Unavailability for appropriate follow-up throughout the whole duration of study

(ICDH-II criteria)

•

Chronic

•

Refractory

(>15 headache daysa per month)
(not responsive or intolerant to 2 preventive
and 2 abortive drugs)

On stable medications for at least 2 months
Failed treatment (for at least 12 months) with
Onabotulinumtoxin-A
Able to comply with the requirements of the study
visits and questionnaires
a

Please see the Method section for the definition of headache day.

changes in headache intensity, severity, frequency
and abortive medication dosage together with any
stimulation-related side effects.

2.3. Procedures
Epidural lead placement was performed through a
small skin incision under local anaesthesia supplemented by conscious sedation. Under fluoroscopic
control, a 15-gauge Tuohy type needle was introduced at the upper thoracic level and advanced into
the epidural space using a ‘loss of resistance’ technique. One or two-eight-contact cylindrical leads
were advanced cranially in the posterior epidural
space under continuous fluoroscopic control, until the
distal tip was at the C2 vertebral level (Fig. 1). The
leads were anchored and sutured to the supra-spinal
fascia, connected to temporary extensions, tunnelled
20–30 cm under the patient’s skin and connected to a
temporary external stimulator for the duration of the
trial period. Stimulation programmes (10 kHz, 30 ls)
were provided to target the dorsal columns in the area
corresponding to C2–C3 vertebral level. A sensory
threshold for each programme was determined (up to
a max amplitude value of 4 mA), and stimulation was
initially set to 50% of that value, with the patient able
to adjust it within a 10–70% range.
At the end of the trial period, subjects choosing to
receive the permanent system implantation returned
to the operating room. The proximal end of the
tunnelled lead(s) were connected to new sterile
extensions which provided connection to the pulse
generator (SenzaTM system, Nevro Corp., Menlo Park,
USA), which was implanted either in the anterior
abdominal wall or the gluteal region. Perioperative
antibiotic coverage was administered at both trial
and permanent implant stages.
© 2015 European Pain Federation - EFICâ

2.4. Data collection and outcome measures
Subjects were asked to complete a month-long
(30 day) hourly diary before assessment (Baseline)
and every month after the implant until the end of
the 6-month study period.
Adverse events were recorded as a measure of
treatment safety and tolerability (Table 2). More specifically, data regarding lead migration, lead fracture,
lead disconnection, current leakage, need for battery
replacement, early- and late-onset infections, skin
erosion, system-induced muscle spasms, painful IPG
pocket and any new neurological symptoms were
systematically collected and reported.
As this was an exploratory study, no primary endpoint was defined. However, a range of efficacy mea-

Figure 1 Antero-posterior and lateral radiographic view of the cervical spine to demonstrate the final position of the implanted leads
within the posterior epidural space.
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sures was prospectively collected and evaluated at
each follow-up including frequency of headaches
(expressed as number of headache days in a 30-day
period), the intensity and the length of the headaches (for a 30-day period expressed as the average
of the mean NRS per day, and the cumulative hours
of headache, respectively). A headache day was
defined as calendar day with at least 4 h of continuous headache with a NRS >4, or with any NRS if
concomitant with the intake of triptans or ergotamine (Silberstein et al., 2008).
The change from baseline in headache days, headache duration and/or intensity prior to a schedule
follow-up, and the proportion of subjects who
reported at least 30% and 50% reduction in headache days (30% and 50% responders, respectively)
were examined as efficacy measures.
Headache-specific questionnaires were administered
at baseline and at each scheduled follow-up, and stimulation-induced score reductions for each questionnaire were considered as an additional efficacy
measure. The Headache Impact Test (HIT-6) and the
Migraine Disability Assessment Scale (MIDAS) were
used to assess the headaches impact and interference
on subjects’ function and quality of life (Yang et al.,
2011; Bagley et al., 2012). The use of more than one
questionnaire has been shown to give a more accurate

Table 2 Adverse events: definition and incidence.
Adverse events
Device-related
Lead migration
Lead fracture
Lead disconnection
Current leakage
Battery depletion
Early (trial) system infection
Late-onset system infection
Skin erosion
System-induced muscle spasm
Discomfort at the implant site
Pain and Oedema at pulse
generator site
Onset of new neurological symptoms
Hypoesthesia (Shoulder area)
Shoulder pain
Device unrelated event
Myocardial infarction
Transient ischaemic attack
Total

N

Severity

SAE

Severea
Severea
–
–
–
Severe
Severe
–
–
Mild
Moderate

Yes
Yes
–
–
–
Yes
Yes
–
–
No
No

0
1
1 (1)b

–
Moderate
Moderate

–
No
Yes

1
1
12 (4)

Severe
Severe
Severe: 6

Yes
No
6

2
1
0
0
0
1
1
0
0
2
1

(1)a
(1)a

(1)
(1)

Number in brackets indicates how many subjects required revision
surgery to address the corresponding AE; SAE, serious adverse event.
a
Occurred in the same subject.
b
Ongoing.
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assessment of patient’s headache-related disability
(Sauro et al., 2010).
The short-form SF-12 questionnaire was chosen as
measure of health-related quality of life in two main
domains, a physical (PCS-12) and a mental (MCS12) component (Ware et al., 1996).

2.5. Statistical analysis
Descriptive statistics were reported as counts and
percentages, mean and standard deviation or median
and range. Adverse events (AEs) were reported
descriptively. Data from the subjects’ diaries were
adjusted for a 30-day month length when necessary.
Differences from baselines were compared for continuous variables, using the independent sample Student’s t-test or Wilcoxon–Mann–Whitney test and,
for dichotomous variables, using the v2 test or Fisher’s exact test, as appropriate.
This was a ‘hypothesis-generating’ feasibility
study; therefore, no sample size was formally determined.

3. Results
Between June 2012 and July 2013, 47 subjects with
a diagnosis of rCM were screened for the study and
17 of those underwent a trial of HF10 SCS. Fifteen
subjects decided to receive a permanent implant, and
14 were available for the 24 weeks of follow-up. The
study flow chart is available online (Figure S1),
while characteristics of the enrolled subjects and
studied population are given in Table S1 and Table
S2, respectively. None of the participants used any
prophylactic drugs within the 4 weeks prior the
inclusion or during the 24-week study protocol.

3.1. Feasibility and safety
All enrolled subjects tolerated the treatment; there
were no reports of serious, unanticipated adverse
device effects. Table 2 summarize the AEs monitored
at each follow/up visit. None of the subjects reported
any paresthesia sensation while the device was
providing HF10-SCS epidural stimulation, one
subject reported small areas of cutaneous hypoesthesia which resolved with device re-programming. Six
adverse events classified as severe occurred in five
subjects. Four AEs were considered hardware or procedure-related and required surgical treatment (one
IPG removal for pocket infection, one trial lead
removal for wound infection, one lead repositioning
due to migration and high impedances in the top
lead contacts). Two additional subjects reported dis© 2015 European Pain Federation - EFICâ

R. Arcioni et al.

comfort at the IPG implant site, but they did not
require any medical or surgical treatment. Radiographic lead migration was documented in two
implanted subjects, one of which required surgery to
reposition the lead.

10 kHz cervical spinal cord stimulation in chronic migraine

BASELINE (n = 14)

6 MONTH (n = 14)
8%

HIT-6

31%
100%

Grade I

61%

3.2. Headache days
Compared with the baseline period, the average
reduction in headache days observed at 24 weeks
was 7.0 days (95% CI: 2.7–11.3) (p = 0.004 paired
t-test). Seven (50%) subjects recorded a >30%
decrease in headache days (average reduction:
12.9  5.3 days), while 5 (36%) subjects reported a
reduction in headache days greater than 50% (average reduction: 14.8  4.9 days) at 24 weeks. Eight
subjects (57%) reverted to an episodic pattern of
headache (<15 days a month).

3.3. Other (secondary) outcomes
3.3.1. Medication intake
All subjects were overusing medication prior to enrolment: 64% were using triptans for more than
9 days per month and 36% were using other analgesics (NSAIDs, opioids, caffeine, paracetamol) for
more than 14 days per month. At 24 weeks followup, subjects (ab)using of triptans or NSAIDS were,
respectively 36% and 14%; four subjects discontinued the use of triptans.
3.3.2. Questionnaires
MIDAS and HIT-6 scores decreased significantly at
24 weeks follow-up compared to baseline values,
respectively by 115 (95% CI: 76–154, p < 0.001,
paired t-test) and 8.3 (95% CI: 3.0–13.6, p < 0.01,
paired t-test) points. At baseline, 100% of subjects
were classified as severely disabled according to both
scales, while at 24 weeks, the percentage severely
disabled dropped to 69% (MIDAS) and 62% (HIT-6)
(Fig. 2). Compared with baseline values, the physical
component of the SF-12 questionnaire at 6 months
showed a significant improvement of 7.6 points
(95% CI: 0.8–14.5, p = 0.046, paired t-test), while
the mental component did not significantly change.
3.3.3. Intensity and frequency of headaches
The average headache intensity and frequency
(number of headache hours) decreased significantly
at 3 months (respectively, 49% and 40% reduction,
p < 0.001 and p = 0.013 vs. baseline, paired t-test)

© 2015 European Pain Federation - EFICâ

Grade II
Grade III

MIDAS

Grade IV

15%

8%
8%
100%

69%

Figure 2 Six-month HF10 SCS effect on headache-specific disability
questionnaires. 31% (MIDAS) and 39% (HIT-6) of the subjects initially
scoring within the highest disability range moved into a lower class
after 6 months of HF10 SCS treatment.

and at 6 months (respectively, 37% and 17% reduction, p < 0.001 and p = 0.05 vs. baseline, paired ttest). Half of the subjects reported more than 30%
reduction in headache intensity at 6 months (average reduction 3.3  1.2 points), while 43% reported
more than 30% reduction in the monthly hours of
headache (average reduction 92  41 h). Fig. 2
shows the average intensity and length of the headache in the studied population per each day of the
month both at baseline and at 6 month.
3.3.4. Sleep
The average sleep hours increase (from an average
of 6.9 per day to 7.4 h) was not statistically significant.

4. Discussion
Migraine is the leading cause of disability among
neurological disorders, and globally ranks 7th among
all specific causes of disability (Vos et al., 2012).
Subjects suffering from rCM represent a significant
medical challenge (Schulman et al., 2009; Martelletti
et al., 2014). Consideration of invasive, surgical
options is justified in the context of this severely disabling medical condition that poses a substantial burden on subjects’ quality of life and on health
services utilization.
Occipital nerve stimulation is currently the treatment of choice in selected cases of rCM, as it is relatively safe and has evidence of efficacy (Goadsby

Eur J Pain



(2015)

–

5

10 kHz cervical spinal cord stimulation in chronic migraine

et al., 2009; Ellens and Levy, 2011; Martelletti et al.,
2013). However, larger studies designed to better
define the efficacy of ONS in CM have proved disappointing as over-ambitious endpoints have been
missed (Silberstein et al., 2012). This, together with
a significant incidence of hardware-related adverse
events (lead migration, lead fracture, skin erosion,
pain and discomfort), has limited the use of ONS
systems. Many of the ONS complications are related
to the obligatory siting of the leads subcutaneously
in the highly mobile cervico-cranial junction area.
This results in more complications than seen with
spinal cord stimulation systems where the leads are
implanted deeper (within the spinal canal), more
axially, and are therefore subjected to less movement.
HF10 SCS is a paraesthesia-free system which has
been shown to inhibit evoked afferent nociceptive
inputs by modulating wide-dynamic range neuronal
activity in the spinal cord of different animal models
(Cuellar et al., 2013). It has shown remarkable clinical efficacy in human refractory back pain (Al-Kaisy
et al., 2014; Van Buyten et al., 2013) and, when
applied to the cervical epidural space, it has been
also reported as safe and effective in a series of subjects with upper limb neuropathic pain (Al-Kaisy
et al., 2015). It is reasonable to postulate that HF10
SCS may also modulate the trigeminocervical complex and thus have an effect on chronic rCM.
The results of our study are promising – half of
the subjects reported a >30% reduction in headache
days, 36% reported a reduction greater than 50%,
and eight subjects reverted to an episodic migraine
pattern; similarly, both the MIDAS and HIT-6 questionnaires showed a significant decrease in the headaches impact and interference on subjects’ function
and quality of life. Medication intake reduced significantly, and four subjects discontinued triptans use at
6-month follow-up.
At first glance, these results seem similar to those
reported for ONS (Saper et al., 2011; Silberstein
et al., 2012). However, there are some significant
differences between this trial and the published ONS
studies. Firstly, the ONS studies included only
subjects with a predominant occipital pain distribution. This does not reflect the overall migraine population. When a very large cohort of headache
subjects was studied to characterize their headache
locations, only 40% of migraneurs reported occipital
pain, while the anterior location of the head was the
commonest site for headache (Kelman, 2005; Barmettler et al., 2014). The headache population
recruited in our study was not been selected by
6 Eur J Pain  (2015) –
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headache topography (see Table S1). Secondly, in
addition to failing conventional medication therapy,
this study included only subjects who had failed to
benefit from onabotulinumtoxin-A therapy. The
ONS studies lack this additional refractory criteria.
Onabotulinumtoxin-A is a safe and effective treatment in many otherwise rCM subjects, and a recent
consensus statement from the European Headache
Federation advocates its addition to the preventive
treatment list to be tried before labelling a migraine
patient as refractory (Martelletti et al., 2014).
Neuromodulation is an expensive and invasive
treatment, with a risk of device-related adverse
events. It should be reserved for subjects refractory
to other effective treatments and subjects should
undergo careful psychological assessment prior to
proceeding with a trial. Recommendations for SCS
patient selection have always included psychological
evaluation, which is designed to help identify an
ideal patient to achieve maximum benefit from an
implanted device (Celestin et al., 2009). In our
study, 28% of the eligible subjects were excluded
after being deemed psychologically unsuitable for a
long-term implanted device. Available evidence suggests that pre-surgical psychological factors including
somatization, depression, anxiety and poor coping
are predictive of poor response to spinal cord stimulation (Celestin et al., 2009).
Serious concerns have been expressed about the
high complication rates of peripheral nerve stimulation techniques when used in CM subjects (Mueller
et al., 2013). In the only large-scale, prospective,
controlled study evaluating ONS for CM with 1-year
follow-up to date, the safety profile of the therapy
was questioned by the authors themselves, as 183
device- or procedure-related AEs occurred, 8.6% of
which required hospitalization and almost 41%
required additional surgery (Dodick et al., 2014).
During our exploratory study, 12 AEs occurred (see
Table 2), with four subjects (24%) needing an
additional surgical procedure. This lower complication rate could be due to the small size of our study,
but, as stated before, might also be attributed to the
epidural, axial placement of HF10-SCS leads, which
could result in fewer complications than the peripheral placement of ONS leads at the mobile craniocervical junction.
A successful temporary trial of stimulation has
been considered the best predictor of long-term outcome in different groups of chronic pain subjects
who are candidates for neuromodulation (Barolat
et al., 1998). We have previously questioned the role
of a stimulation trial when treating CM migraine
© 2015 European Pain Federation - EFICâ

Headache intensity

Figure 3 Average intensity and length
of the headache episodes in the studied population. The average daily headache data of the studied population
are plotted using the figures from the
30-day subjects’ hourly diaries. Each
‘bubble’ is proportional to the average
intensity (‘height’ of the bubble on the
x-axis) and the average length (‘width’
of the bubble) of the headache episode. The upper panel shows data
from the whole populations, the lower
panel from only those subjects who
report a >30% reduction in headache
days (responders, n = 7).
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subjects, as its ability to select long-term responders
appears poor. With a very high percentage (>80%)
of subjects going on to full implantation, a trial poses
additional risk and inconvenience for subjects and
an economic burden to the health care system
(Palmisani et al., 2013). The results of this study
support this impression. We included a stimulation
trial phase in the study design to assess tolerability
to the treatment, but we left the decision to proceed
to permanent implant to the recruited subjects. We
are aware that this is not standard practice in neuromodulation, but the exploratory nature of this study
justifies our choice of not pre-define any objective
outcome to define trial success. All subjects tolerated
the treatment, and only one of the 17 trialled subjects did not report significant improvement in the
headaches. One of the two infections that occurred
during the study was an early trial wound colonization with subsequent subcutaneous abscess, and this
may have been avoided with either a no-trial policy
or with a short 3–7-day percutaneous trial.
We followed the latest guidelines on controlled trials of prophylactic treatment of CM in adults (Silberstein et al., 2008), calculating outcome measures
from the data collected with the aid of a prospective
headache diary. This may be a study weakness.
Paper–pencil diaries are associated with drawbacks
including low compliance and backfilling diary
entries (Stone et al., 2002). Existing guidelines have
not produced a standardized version of a headache
diary. This may lead to discrepancies when comparing results from different studies where different diaries are used. We opted for an hourly headache
intensity diary, which we believe allowed a more
precise and accurate evaluation of headaches length
and intensity (see Fig. 3), together with a generic
© 2015 European Pain Federation - EFICâ

recording of medication intake. However, this type
of diary did not record any autonomic symptoms
associated with the headache, and was not able to
clearly discriminate the exact relationship between
the taking of triptans/ergot and headache resolution.
The study results at 24 weeks of treatment indicate that cervical HF10 SCS has promise as a treatment for rCM. HF10 SCS appears to have efficacy,
be relatively safe, and be well tolerated in subjects
with rCM. The significant reduction in the number
of headache days in the studied population at
6 months, the relative high number of ‘responders’
and the substantial decrease in the headache-specific
questionnaires scores compares favourably to results
seen in studies with ONS, and should encourage further clinical investigations to evaluate a possible role
of HF10 SCS in the management of rCM.
Acknowledgements
Samuel Wesley provided assistance in data visualization
and formatting. Jean-Louis Marchal provided statistical
support. Herion Kola and Federico Ferrari provided field
engineer support. Eric Boulogne and Anja Schaeken from
Nevro Corporation helped in reviewing the manuscript.
Nevro Corp provided the HF10 SCS devices free of charge
and funded the independent external statistical support.

Author contributions
SP, RA, PM, TS and AA substantially contributed to the
conception and design of the study. RA, SP, VV, ST, MRDF
and MM were significantly involved in the acquisition of
data, analysis and interpretation of data. SP, TS and RA
drafted the first version of the article. All authors provided
significant intellectual contribution and approved the final
version of the manuscript.

Eur J Pain



(2015)

–

7

10 kHz cervical spinal cord stimulation in chronic migraine

References
Al-Kaisy, A., Van Buyten, J.-P., Smet, I., Palmisani, S., Pang, D., Smith,
T. (2014). Sustained effectiveness of 10 kHz high-frequency spinal
cord stimulation for patients with chronic, low back pain: 24-month
results of a prospective multicenter study. Pain Med 15, 347–354.
Al-Kaisy, A., Palmisani, S., Smith, T., Harris, S., Pang, D. (2015). The
use of 10-Kiloherts spinal cord stimulation in a cohort of patients
with chronic neuropathic limbpain refractory to medical
management. Neuromodulation 1, 18–23.
Bagley, C.L., Rendas-Baum, R., Maglinte, G.A., Yang, M., Varon, S.F.,
Lee, J., Kosinski, M. (2012). Validating migraine-specific quality of
life Questionnaire v2.1 in episodic and chronic migraine. Headache
52, 409–421.
Barmettler, G., Brawn, J., Maleki, N., Scrivani, S., Burstein, R., Becerra,
L., Borsook, D. (2014). A new electronic diary tool for mapping and
tracking spatial and temporal head pain patterns in migraine.
Cephalalgia [Epub ahead of print].
Barolat, G., Ketcik, B., He, J. (1998). Long-term outcome of spinal cord
stimulation for chronic pain management. Neuromodulation 1, 19–29.
Bartsch, T., Goadsby, P.J. (2002). Stimulation of the greater occipital
nerve induces increased central excitability of dural afferent input.
Brain 125, 1496–1509.
Bartsch, T., Goadsby, P.J. (2003). Increased responses in
trigeminocervical nociceptive neurons to cervical input after
stimulation of the dura mater. Brain 126, 1801–1813.
Celestin, J., Edwards, R.R., Jamison, R.N. (2009). Pretreatment
psychosocial variables as predictors of outcomes following lumbar
surgery and spinal cord stimulation: A systematic review and
literature synthesis. Pain Med 10, 639–653.
Cuellar, J.M., Alataris, K., Walker, A., Yeomans, D.C., Antognini, J.F.
(2013). Effect of high-frequency alternating current on spinal
afferent nociceptive transmission. Neuromodulation 16, 318–327;
discussion 327.
Dodick, D.W., Silberstein, S.D., Reed, K.L., Deer, T.R., Slavin, K.V.,
Huh, B., Sharan, A.D., Narouze, S., Mogilner, A.Y., Trentman, T.L.,
Ordia, J., Vaisman, J., Goldstein, J. Mekhail, N. (2014). Safety and
efficacy of peripheral nerve stimulation of the occipital nerves for the
management of chronic migraine: Long-term results from a
randomized,
multicenter,
double-blinded,
controlled
study.
Cephalalgia [Epub ahead of print].
Ellens, D.J., Levy, R.M. (2011). Peripheral neuromodulation for
migraine headache. Prog Neurol Surg 24, 109–117.
Goadsby, P.J., Sprenger, T. (2010). Current practice and future
directions in the prevention and acute management of migraine.
Lancet Neurol 9, 285–298.
Goadsby, P.J., Charbit, A.R., Andreou, A.P., Akerman, S., Holland, P.R.
(2009). Neurobiology of migraine. Neuroscience 161, 327–341.
Headache Classification Subcommittee of the International Headache
Society (2004). The international classification of headache disorders:
2nd edition. Cephalalgia 24(Suppl 1), 9–160.
Irimia, P., Palma, J.-A., Fernandez-Torron, R., Martinez-Vila, E. (2011).
Refractory migraine in a headache clinic population. BMC Neurol 11, 94.
Kelman, L. (2005). Migraine pain location: A tertiary care study of
1283 migraineurs. Headache 45, 1038–1047.
Lipton, R.B. (2011). Chronic migraine, classification, differential
diagnosis, and epidemiology. Headache 51(Suppl 2), 77–83.
Malick,
A.,
Strassman,
R.M.,
Burstein,
R.
(2000).
Trigeminohypothalamic and reticulohypothalamic tract neurons in
the upper cervical spinal cord and caudal medulla of the rat. J
Neurophysiol 84, 2078–2112.
Martelletti, P., Jensen, R.H., Antal, A., Arcioni, R., Brighina, F., de
Tommaso, M., Franzini, A., Fontaine, D., Heiland, M., J€
urgens, T.P.,
Leone, M., Magis, D., Paemeleire, K., Palmisani, S., Paulus, W. May,
A. (2013). Neuromodulation of chronic headaches: Position
statement from the European Headache Federation. J Headache Pain
14, 86.
Martelletti, P., Katsarava, Z., Lampl, C., Magis, D., Bendtsen, L., Negro,
A., Russell, M.B., Mitsikostas, D.-D.D., Jensen, R.H. (2014).
Refractory chronic migraine: A Consensus Statement on clinical

8 Eur J Pain  (2015) –

R. Arcioni et al.

definition from the European Headache Federation. J Headache Pain
15, 47.
Mathew, N.T. (2011). Pathophysiology of chronic migraine and mode
of action of preventive medications. Headache 51(Suppl 2), 84–92.
Mueller, O., Diener, H.-C., Dammann, P., Rabe, K., Hagel, V., Sure, U.,
Gaul, C. (2013). Occipital nerve stimulation for intractable chronic
cluster headache or migraine: A critical analysis of direct treatment
costs and complications. Cephalalgia 33, 1283–1291.
Palmisani, S., Al-Kaisy, A., Arcioni, R., Smith, T., Negro, A., Lambru,
G., Bandikatla, V., Carson, E., Martelletti, P. (2013). A six year
retrospective review of occipital nerve stimulation practice–
controversies and challenges of an emerging technique for treating
refractory headache syndromes. J Headache Pain 14, 67.
Saper, J.R., Dodick, D.W., Silberstein, S.D., McCarville, S., Sun, M.,
Goadsby, P.J., ONSTIM Investigators (2011). Occipital nerve
stimulation for the treatment of intractable chronic migraine
headache: ONSTIM feasibility study. Cephalalgia 31, 271–285.
Sauro, K.M., Rose, M.S., Becker, W.J., Christie, S.N., Giammarco, R.,
Mackie, G.F., Eloff, A.G., Gawel, M.J. (2010). HIT-6 and MIDAS as
measures of headache disability in a headache referral population.
Headache 50, 383–395.
Schulman, E.A., Lake, A.E., Goadsby, P.J., Peterlin, B.L., Siegel, S.E.,
Markley, H.G., Lipton, R.B. (2008). Defining refractory migraine and
refractory chronic migraine: Proposed criteria from the Refractory
Headache Special Interest Section of the American Headache Society.
Headache 48, 778–782.
Schulman, E.A., Peterlin, B.L., Lake, A.E., Lipton, R.B., Hanlon, A.,
Siegel, S., Levin, M., Goadsby, P.J., Markley, H.G. (2009). Defining
refractory migraine: Results of the RHSIS Survey of American
Headache Society members. Headache 49, 509–518.
Silberstein, S.D., Olesen, J., Bousser, M.G., Diener, H.C., Dodick, D.,
First, M., Goadsby, P.J., G€
obel, H., Lainez, M.J., Lance, J.W., Lipton,
R.B., Nappi, G., Sakai, F., Schoenen, J. Steiner, T.J., International
Headache Society. (2005). The International Classification of
Headache Disorders, 2nd Edition (ICHD-II)–revision of criteria for 8.2
Medication-overuse headache. Cephalalgia 25, 460–465.
Silberstein, S., Tfelt-Hansen, P., Dodick, D.W., Limmroth, V., Lipton,
R.B., Pascual, J., Wang, S.J., Task Force of the International
Headache Society Clinical Trials Subcommittee (2008). Guidelines for
controlled trials of prophylactic treatment of chronic migraine in
adults. Cephalalgia 28, 484–495.
Silberstein, S.D., Dodick, D.W., Saper, J., Huh, B., Slavin, K.V., Sharan,
A., Reed, K., Narouze, S., Mogilner, A., Goldstein, J., Trentman, T.,
Vaisman, J., Ordia, J., Weber, P., Deer, T., Levy, R., Diaz, R.L.,
Washburn, S.N. Mekhail, N. (2012). Safety and efficacy of peripheral
nerve stimulation of the occipital nerves for the management of
chronic migraine: Results from a randomized, multicenter, doubleblinded, controlled study. Cephalalgia 32, 1165–1179.
Stone, A.A., Shiffman, S., Schwartz, J.E., Broderick, J.E., Hufford, M.R.
(2002). Patient non-compliance with paper diaries. BMJ 324, 1193–
1194.
Van Buyten, J.-P., Al-Kaisy, A., Smet, I., Palmisani, S., Smith, T.
(2013). High-frequency spinal cord stimulation for the treatment of
chronic back pain patients: Results of a prospective multicenter
European clinical study. Neuromodulation 16, 59–65; discussion 65–6.
Vos, T., Flaxman, A.D., Naghavi, M., Lozano, R., Michaud, C., Ezzati,
M., Shibuya, K., Salomon, J.A., Abdalla, S., Aboyans, V., Abraham,
J., Ackerman, I., Aggarwal, R., Ahn, S.Y., Ali, M.K., Alvarado, M.,
Anderson, H.R., Anderson, L.M., Andrews, K.G. Atkinson, C.,
Baddour, L.M., Bahalim, A.N., Barker-Collo, S., Barrero, L.H.,
~ ez, M.G., Baxter, A., Bell, M.L., Benjamin, E.J.,
Bartels, D.H., Basan
Bennett, D., Bernabe, E., Bhalla, K., Bhandari, B., Bikbov, B., Bin, A.
A., Birbeck, G., Black, J.A., Blencowe, H., Blore, J.D., Blyth, F.,
Bolliger, I., Bonaventure, A., Boufous, S., Bourne, R., Boussinesq,
M., Braithwaite, T., Brayne, C., Bridgett, L., Brooker, S., Brooks, P.,
Brugha, T.S., Bryan-Hancock, C., Bucello, C., Buchbinder, R.,
Buckle, G., Budke, C.M., Burch, M., Burney, P. Burstein, R.,
Calabria, B., Campbell, B., Canter, C.E., Carabin, H., Carapetis, J.,
Carmona, L., Cella, C., Charlson, F., Chen, H., Cheng, A.T., Chou,
D., Chugh, S.S., Coffeng, L.E., Colan, S.D., Colquhoun, S., Colson,

© 2015 European Pain Federation - EFICâ

R. Arcioni et al.

K.E., Condon, J., Connor, M.D., Cooper, L.T., Corriere, M.,
Cortinovis, M., deVaccaro, K.C., Couser, W., Cowie, B.C., Criqui,
M.H. Cross, M., Dabhadkar, K.C., Dahiya, M., Dahodwala, N.,
Damsere-Derry, J., Danaei, G., Davis, A., De Leo, D, Degenhardt L.,
Dellavalle R., Delossantos A, Denenberg J., Derrett S., Des Jarlais,
D.C., Dharmaratne, S.D., Dherani, M., Diaz-Torne, C., Dolk, H.,
Dorsey, E.R., Driscoll, T. Duber, H., Ebel, B., Edmond, K., Elbaz, A.,
Ali, S.E., Erskine, H., Erwin, P.J., Espindola, P. Ewoigbokhan, S.E.,
Farzadfar, F., Feigin, V., Felson, D.T., Ferrari, A., Ferri, C.P., Fevre,
E.M., Finucane, M.M., Flaxman, S., Flood, L., Foreman, K.,
Forouzanfar, M.H., Fowkes, F.G., Franklin, R., Fransen, M. Freeman,
M.K., Gabbe, B.J., Gabriel, S.E., Gakidou, E., Ganatra, H.A., Garcia,
B., Gaspari, F., Gillum, R.F., Gmel, G., Gosselin, R., Grainger, R.,
Groeger, J., Guillemin, F., Gunnell, D. Gupta, R., Haagsma, J.,
Hagan, H., Halasa, Y.A., Hall, W., Haring, D., Haro, J.M., Harrison,
J.E., Havmoeller, R., Hay, R.J., Higashi, H., Hill, C., Hoen, B.,
Hoffman, H., Hotez, P.J., Hoy, D. Huang, J.J., Ibeanusi, S.E.,
Jacobsen, K.H., James, S.L., Jarvis, D., Jasrasaria, R., Jayaraman, S.,
Johns, N., Jonas, J.B., Karthikeyan, G., Kassebaum, N., Kawakami,
N., Keren, A., Khoo, J.P., King, C.H., Knowlton, L.M., Kobusingye,
O., Koranteng, A. Krishnamurthi, R., Lalloo, R., Laslett, L.L.,
Lathlean, T., Leasher, J.L., Lee, Y.Y., Leigh, J., Lim, S.S., Limb, E.,
Lin, J.K., Lipnick, M., Lipshultz, S.E., Liu, W., Loane, M., Ohno, S.L.
Lyons, R., Ma, J., Mabweijano, J., MacIntyre, M.F., Malekzadeh, R.,
Mallinger, L., Manivannan, S., Marcenes, W., March, L., Margolis,
D.J., Marks, G.B., Marks, R., Matsumori, A., Matzopoulos, R.,
Mayosi, B.M., McAnulty, J.H., McDermott, M.M., McGill, N.,
McGrath, J., Medina-Mora, M.E., Meltzer, M., Mensah, G.A.,
Merriman, T.R., Meyer, A.C., Miglioli, V., Miller, M., Miller, T.R.,
Mitchell, P.B., Mocumbi, A.O., Moffitt, T.E., Mokdad, A.A., Monasta,
L., Montico, M., Moradi-Lakeh, M., Moran, A., Morawska, L., Mori,
R., Murdoch, M.E. Mwaniki, M.K., Naidoo, K., Nair, M.N., Naldi, L.,
Narayan, K.M., Nelson, P.K., Nelson, R.G., Nevitt, M.C., Newton,
C.R., Nolte, S., Norman, P., Norman, R., O’Donnell, M., O’Hanlon,
S., Olives, C., Omer, S.B., Ortblad, K., Osborne, R. Ozgediz, D., Page,
A., Pahari, B., Pandian, J.D., Rivero, A.P., Patten, S.B., Pearce, N.,
Padilla, R.P., Perez-Ruiz, F., Perico, N., Pesudovs, K., Phillips, D.,
Phillips, M.R., Pierce, K., Pion, S., Polanczyk, G.V., Polinder, S., Pope,
C.A. 3rd, Popova, S., Porrini, E., Pourmalek, F., Prince, M. Pullan,
R.L., Ramaiah, K.D., Ranganathan, D., Razavi, H., Regan, M., Rehm,
J.T., Rein, D.B., Remuzzi, G., Richardson, K., Rivara, F.P., Roberts,
T., Robinson, C., De Le
on, F.R., Ronfani, L., Room, R., Rosenfeld,

© 2015 European Pain Federation - EFICâ

10 kHz cervical spinal cord stimulation in chronic migraine

L.C. Rushton, L., Sacco, R.L., Saha, S., Sampson, U., Sanchez-Riera,
L., Sanman, E., Schwebel, D.C., Scott, J.G., Segui-Gomez, M.,
Shahraz, S., Shepard, D.S., Shin, H., Shivakoti, R., Singh, D., Singh,
G.M., Singh, J.A., Singleton, J., Sleet, D.A., Sliwa, K., Smith, E.,
Smith, J.L., Stapelberg, N.J., Steer, A., Steiner, T., Stolk, W.A.,
Stovner, L.J., Sudfeld, C. Syed, S., Tamburlini, G., Tavakkoli, M.,
Taylor, H.R., Taylor, J.A., Taylor, W.J., Thomas, B., Thomson, W.M.,
Thurston, G.D., Tleyjeh, I.M., Tonelli, M., Towbin, J.A., Truelsen, T.,
Tsilimbaris, M.K., Ubeda, C. Undurraga, E.A., van der Werf, M.J.,
van OsJ., , Vavilala, M.S., Venketasubramanian, N., Wang, M.,
Wang, W., Watt, K., Weatherall, D.J., Weinstock, M.A., Weintraub,
R., Weisskopf, M.G., Weissman, M.M., White, R.A., Whiteford, H.,
Wiersma, S.T., Wilkinson, J.D., Williams, H.C., Williams, S.R., Witt,
E., Wolfe, F., Woolf, A.D., Wulf, S., Yeh, P.H., Zaidi, A.K., Zheng,
Z.J., Zonies, D., Lopez, A.D., Murray, C.J., AlMazroa, M.A. Memish,
Z.A. (2012). Years lived with disability (YLDs) for 1160 sequelae of
289 diseases and injuries 1990–2010: A systematic analysis for the
Global Burden of Disease Study 2010. Lancet 380, 2163–2196.
Ware, J., Kosinski, M., Keller, S.D. (1996). A 12-Item Short-Form
Health Survey: Construction of scales and preliminary tests of
reliability and validity. Med Care 34, 220–233.
Wolter, T., Kiemen, A., Kaube, H. (2011). High cervical spinal cord
stimulation for chronic cluster headache. Cephalalgia 31, 1170–1180.
Yang, M., Rendas-Baum, R., Varon, S.F., Kosinski, M. (2011).
Validation of the Headache Impact Test (HIT-6TM) across episodic
and chronic migraine. Cephalalgia 31, 357–367.

Supporting Information
Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site:
Figure S1. Study flow chart.
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