
Background: Despite the various modalities available for treating headaches, typical therapy 
does not provide adequate pain relief for some patients. 

Objectives: This study explored the efficacy and safety of long-term peripheral nerve stimulation 
(PNS) for intractable chronic headaches.

Study Design: Retrospective study of refractory headache patients at academic pain center.

Methods: The medical records of all patients (N = 46) permanently implanted with PNS 
between January 2005 and January 2012 were reviewed retrospectively. Patient records and 
phone interviews were used to quantify the levels of pain intensity, headache days per month, 
and overall patient satisfaction with treatment. The correlation between headache duration and 
effectiveness of PNS was also assessed.

Results: Pain intensity on the 11-point Numeric Rating Scale decreased from 7.60 ± 1.73 before 
implantation to 3.78 ± 2.41, 3.32 ± 2.67, 3.42 ± 2.74, and 2.04 ± 2.27 at one, 6, 12, and > 
12 (19 – 98) months after implantation, respectively (P < .001). The mean number of headache 
days per month decreased by about 14 days from the base line. No correlation (r = -.33) was 
found between the number of years the patients had suffered from headaches and the efficacy 
of treatment. 

Limitations: Due to the limitation of a retrospective study, the data collected via chart reviews 
and phone interviews are susceptible to selection and information biases. 

Conclusions: PNS is an effective modality in the long-term management of intractable chronic 
headaches. Despite long histories of chronic headaches, the majority of patients had significant 
reductions in pain scores and the number of headache days per month. The outcomes were 
not dependent on the number of years the patients had suffered from headaches before PNS 
treatment. 

Key Words: Migraine headache, refractory headache, chronic daily headache, occipital 
neuralgia, cluster headache, hemicranias continua, refractory headache, occipital nerve 
stimulation, peripheral nerve stimulation 
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Headaches are one of the most commonly 
reported neurological symptoms (1). 
Currently available data point to a worldwide 

headache prevalence of 47%. The lifetime prevalence 
of generalized headaches across the globe has been 

estimated to be > 66%. Approximately 18% of women 
and 6% of men in the United States experience 
migraines at any given time, while 4% of the American 
population is affected by daily chronic headaches (2). It 
has been estimated that migraine patients alone miss 
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randomized prospective study using occipital nerve 
stimulation (ONS) to treat chronic migraine was pub-
lished in 2012 (17). In this study, investigators reported 
a significant reduction in pain (> 30%), the average 
number of headache days per month, and migraine-
related disability. However, the study failed to reach 
the primary objective of a 50% or greater reduction in 
mean daily pain scores as measured by the visual analog 
scale 12 weeks after implantation.

Despite such encouraging results, the use of PNS 
to treat intractable headaches is still under investiga-
tion and has yet to be approved by the Food and Drug 
Administration (FDA). Many of the studies published to 
date lacked a follow-up of > 6 months, suffered from 
a high rate of complications, or failed to address types 
of headache other than chronic migraines. Therefore, 
in this retrospective study, we evaluated the long-term 
efficacy and safety of PNS for chronic migraines and 
cluster headaches. We also analyzed the correlation 
between the duration of headache and response to PNS 
to help identify patients who can most benefit from 
this treatment.

Methods

Patients
The study was approved by the Institutional Re-

view Board of the Duke University School of Medicine. 
The selection criteria for inclusion in this study were set 
as patients with a diagnosis of primary headache who 
had a PNS device implanted between January 2005 and 
January 2012. The patients’ headache disorders were 
classified according to the criteria of the International 
Classification of Headache Disorders (second edition) 
(5).

The electronic medical record (EMR) for each 
patient was reviewed to document diagnosis, past 
interventional procedures (i.e., nerve blocks and/or 
radiofrequency ablation) with their efficacies, medi-
cation history, date of the PNS device implantation, 
implantation follow-up appointment remarks, and de-
mographic data. The patients were contacted directly 
via phone for a brief, single interview regarding their 
headache disorder, previous procedures, and PNS use. 
All interviews were conducted by one physician. The 
reason for the interview was explained to patients, as 
well as the goals of the study, and patients were then 
asked to give verbal consent to participate in this inter-
view. The interviewer read questions from a standard 
patient questionnaire (see Appendix) as written and 

more than 157 million workdays each year (3). Thus, 
headache-associated health care costs and disabilities 
are a significant burden to both patients and society 
(2,3). 

Recurrent headaches can be treated with both res-
cue and preventive pharmacological therapy, but these 
do not always prove to be efficacious. For example, in 
an estimated 1% of all patients suffering from chronic 
migraines, pain cannot be adequately controlled by ei-
ther conventional or alternative therapies (4). Reasons 
for treatment failure include inadequate analgesia, 
intolerable side effects, and the development of drug 
tolerance. Patients whose headaches are severe (> 7 
on the 11-point Numeric Rating Scale [NRS]) and show 
no or only a temporary response to medication, nerve 
blocks, or biofeedback are categorized according to 
the International Classification of Headache Disorders 
(ICHD-2) as suffering from intractable chronic head-
aches (4-6). The World Health Organization rates the 
disability of persons affected by headaches as equiva-
lent to the disability experienced by a person suffering 
from paraplegia or end-stage renal disease (3).

Recent publications have suggested peripheral 
nerve stimulation (PNS) as an effective therapeutic 
modality for controlling various forms of headaches 
(7). Historically, the use of PNS to treat headaches was 
introduced even before the gate control theory was 
published (8). In 1966, Shelden (9) implanted electrodes 
around the mandibular nerve to treat trigeminal neu-
ralgia, producing temporary pain relief in his patients. 
A trial by Weiner and Reed (10) in 1999 led to the wide-
spread use of occipital nerve stimulation to treat occipi-
tal neuralgia. They found good concordance between 
occipital nerve stimulation and pain relief in occipital 
neuralgia patients (10), although the headache disor-
der studied was subsequently reclassified as chronic 
migraine. Since then, other studies have extended the 
use of PNS treatment from occipital neuralgia to other 
headaches, such as migraines, cluster headaches, and 
hemicranias continua (11-13), with the stimulation of 
peripheral nerves being potential therapeutic targets 
(14, 15).

In their randomized multicenter prospective con-
trolled study focused on occipital nerve stimulation for 
the treatment of intractable chronic migraine headache 
(ONSTIM), Saper et al (16) concluded that the results of-
fered promise for further treatment approaches using 
this modality, although reliable conclusions regarding 
efficacy for greater than 3 months could not be estab-
lished. Following these encouraging results, a large 
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without further comment. Questions could be repeated 
and medical terms explained in more colloquial terms, 
if requested by the patient. Attempts were made to 
minimize bias during the interview by sticking closely 
to the pre-written questionnaire and avoiding ques-
tions phrased differently from one respondent to the 
next. An interviewer was also asked to be systematic 
and consistent in interacting with each respondent and 
refrain from giving personal opinions. All answers were 
recorded in writing only. Interviews lasted between 5 
and 10 minutes each. Up to 10 attempts were made to 
contact each patient during different times of the day. 
If contact could not be established or no valid phone 
number was available, the patient was considered to be 
unreachable. For patients who were not reachable, all 
data points used in this study were acquired from their 
EMRs. 

Efficacy
Multiple measures were used to evaluate the ef-

ficacy of PNS against intractable headache disorders. 
Pain intensity was measured on the 11-point NRS, with 
0 corresponding to “no pain” and 10 corresponding to 
“the worst pain imaginable.” Pain intensity scores were 
acquired from EMRs for clinic visits pre-implantation 
and at one, 6, and 12 months post-implantation. A final 
NRS score was acquired at the time of the interview. For 
patients whose PNS device was explanted, NRS scores 
were not acquired post-explantation.

As a second measure of efficacy, during the inter-
view patients were asked to indicate the number of 
headache days per month before and after the implan-
tation. If available, the number of headache days per 
month pre-implantation was obtained from the EMR 
to reduce recall bias. The number of headache days per 
month post-implantation (the most recent month) was 
obtained during the interview.

As a third measure of efficacy, patients were asked 
during the interview about any decreases in the number 
or dosage of pain medications after the implant. From 
the EMR and, if possible, the interview, the total number 
of medications, which included acute and preventive 
prescription medications (but not vitamins or supple-
ments) intended specifically for the direct treatment 
of headache pain or associated signs and symptoms 
(e.g., nausea, sympathetic activity, or insomnia, and 
analgesics) as well as over-the-counter medications, was 
recorded and differentiated.

As a fourth measure of efficacy, patient satisfac-
tion with the implantation of the PNS device and the 

associated outcomes was recorded. Satisfaction was 
measured on multiple levels. First, patients were asked 
whether or not they were satisfied with their PNS unit 
and the procedure as a whole. Patients were then asked 
to score their satisfaction on an 11-point scale, with 0 
being “not satisfied at all” and 10 being defined as 
“complete satisfaction.” To analyze patient satisfaction 
further, patients were asked whether they would be 
willing to undergo the procedure again in the future, 
considering their current experience, their experiences 
during the post-implantation period, and their percep-
tion of the procedure’s efficacy. Patients were also 
asked whether they would recommend this procedure 
to a friend or family member if the procedure was of-
fered to that person by a physician to treat chronic, 
intractable headaches. For patients whose PNS devices 
were removed before the time of the interview, the 
questions were adapted to focus on the period preced-
ing explantation.

Relationship between Headache Duration 
and Efficacy of PNS

To measure the correlation between headache 
duration and PNS treatment efficacy, patients were 
divided into 2 groups: those with a history of ≤ 5 years 
of daily headaches and those with a history of > 5 years 
of daily headaches. The 5-year criterion was based on 
the findings of a previous study on spinal cord stimu-
lation (18). An additional analysis examined previous 
successful interventional procedures, mainly peripheral 
nerve blocks, as prognostic factors for successful PNS 
implantation.

Safety 
Multiple measures were used to evaluate the long-

term safety of PNS for the treatment of intractable 
headache disorders. Each patient’s EMR was screened 
for all post-implantation visit notes to identify any ad-
verse effects, such as nausea, dizziness, lead migration, 
swelling, infection, or paresthesia. EMRs were further 
screened for any emergency room visits potentially 
related to post-implantation complications. During 
the interviews, patients were asked to report any post-
implantation complications, physician visits, and infec-
tions. Patients were specifically asked about postsurgi-
cal infections of the wound site or other, potentially 
associated, tissue infections. Lastly, for those patients 
whose PNS device had been explanted, the reason for 
the removal was documented.
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Statistics
Statistical analyses were performed using JMP 

Pro 10.0 software (SAS Institute, Cary, North Carolina). 
Wilcoxon signed-rank tests were used on matched pairs 
to compare pre-implantation NRS scores, NRS scores 
at one, 6, and 12 months post-implantation, and NRS 
scores at the time of interview. The differences be-
tween the number of headache days per month pre- 
and post-implantation were assessed by a matched pair 
Wilcoxon signed-rank test, as normal distribution could 
not be inferred. Pre- and post-implantation NRS scores 
and the number of headache days per month were 
then analyzed by a matched pair Wilcoxon signed-
rank test in relation to patient gender. NRS scores and 
headache days per month were grouped by headache 
type, stimulator type, and stimulator laterality. Kruskal-
Wallis tests were used to compare groups for significant 
differences. A correlational analysis was performed 
to assess the relationship between the patients’ pre-
implantation headache history and treatment response 
to the previous interventional procedures (e.g., nerve 
block or radiofrequency ablation). Patients were divid-
ed into groups based on their history of > 5 or ≤ 5 years 
of intractable headaches; between-group differences 
in NRS scores and in the number of headache days per 
month were assessed by a Wilcoxon rank sum test. All 
statistical tests were performed with P = 0.05.

Results 

Patients
During the study’s time period, 60 patients under-

went a trial for the implantation of PNS for the relief 
of intractable chronic headache. Among them, 14 cases 
failed to meet the screening criteria, leaving 46 patients 
included in the study after the initial screening; 35 of 
the 46 patients were available for a telephone inter-
view. No patient refused to participate in the phone 
interview. Data for the remaining 11 patients were 
collected from the EMRs as they were not available for 
phone interview. The types of headache disorders were 
as follows: 35 patients had chronic migraines and 11 pa-
tients had cluster headaches. The latter group reported 
persistent headaches even after O2 treatments. Sixteen 
patients had a ≤ 5-year history of headaches, and 30 
patients had a > 5-year history of headaches. At the 
time of the interview, the mean time interval since im-
plantation was 52 months, with a range of between 19 
and 98 months. Table 1 shows all patient demographics 
and characteristics.

PNS devices were implanted in various sites accord-
ing to the patient’s pain location. No statistical differ-
ences in electrode location were found based on gender 
or age. Table 2 lists the electrode position in detail and 
Fig. 1A,B,C,D,E shows representative images of each 
PNS electrode’s location. In 40 of the patients, the PNS 

Table 1. Patient demographics and characteristics.

Chronic Migraine
(N = 35)

Cluster Headache (N = 11) Total
(N = 46)

Age (years) 50.2 ± 14.1 46.5 ± 11.1 49.3 ± 13.5 

Gender (M:F) 12:23 5:6 17:29

Severity of pain (NRS) 7.2 ± 1.7 8.8 ± 1.4 7.60±1.7

Duration of headache (years) 10.8 ± 10.2 12.3 ± 10.1 11.1 ± 10.1 

Headache days per month 28.0 ± 4.6 28.1 ± 4.0 28 ± 4.1

No. of medications 4.0 ± 1.9 3.9 ± 1.4 3.9 ± 1.5

All data are represented in mean ± standard deviation format, and reflect the baseline, i.e. the pre-PNS implantation period.

Table 2. PNS electrode location.

Location Chronic Migraine
(N = 35)

Cluster Headache
(N = 11)

Total
(N = 46)

ON 29 29

SON 4 6 10

Combined ON+SON 2 2 4

ATN 2 2

Combined SON+ATN 1 1

ON: Occipital nerve, SON: Supraorbital nerve, ATN: Auriculotemporal nerve 
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Fig. 1. Illustrations, C-arm image and picture of  PNS electrode locations. A. ON: Occipital nerve, illustration. B. SON: 
Supraorbital nerve, illustration, and C-arm image. C. Combined ON+SON, C-arm image. D. ATN: Auriculotemporal 
nerve, illustration. E. Combined SON+ATN, picture. 



Pain Physician: September/October 2015; 18:505-516

510  www.painphysicianjournal.com

device remained implanted for more than 12 months; 
in the other 6 patients, the device was explanted within 
the first year.

Efficacy
Mean headache severity as measured by NRS scores 

decreased from 7.60 ± 1.73 to 3.78 ± 2.41 at one month 
post-implantation, 3.32 ± 2.67 at 6 months post-implan-
tation, and 3.42 ± 2.74 at 12 months post-implantation 
(P < .001, for all 3 comparisons; Fig. 2 shows the distribu-
tion and median NRS scores). The mean NRS score at the 
time of the interview (> 12 months post-implantation) 
was 2.04 ± 2.27 (P < .001). The mean NRS score differ-
ences between pre-implantation headache severities 
and headache severities at one, 6, and 12 months post-
implantation were 3.76, 4.29, and 4.15 (P < .001, for 
all 3 comparisons), respectively; the mean difference 
between the NRS scores obtained during the interview 
and the pre-implantation NRS scores was 5.56 (P < .001; 
Fig. 3). Men did not differ significantly from women in 
pre- or post-implantation scores. No significant differ-
ences were found among groups of NRS scores assigned 
by headache type, PNS electrode location, and laterality 
of PNS.

NRS scores obtained during the interviews were 
analyzed according to whether the interview took 

place 1 – 2, 2 – 3, 3 – 4, 4 – 5, 5 – 6, or > 6 years post-
implantation; mean NRS scores were 2.05 ± 2.27, 2.12 
± 2.45, 2.07 ± 2.23, 2.18 ± 2.44, 1.89 ± 1.96, and 1.25 ± 
2.50, respectively, and no statistically significant differ-
ences were found. 

The mean number of headache days per month 
decreased from 28 ± 4.1 pre-implantation to 14.6 ± 11.6 
post-implantation (P < .001). The distribution of head-
ache days prior to implantation followed a negatively 
skewed distribution, with a mode of the curve at 30 
days/month, whereas post-implantation the distribu-
tion showed a positive skew with a mode of the curve 
at 5 days/month (Fig. 4). In addition, no significant dif-
ferences emerged between men and women or among 
groups assigned by headache type, PNS electrode loca-
tion, and laterality of PNS.

Before implantation, patients took an average of 
4 different over-the-counter or prescribed medications 
for headaches or headache-associated symptoms. Of 
the 35 patients interviewed, 25 (71%) were able to de-
crease the number and/or amount of medications used, 
although due to the difficulty in obtaining a detailed 
medication history for all patients, the extent of this 
decrease could not be quantified.

Thirty-two (91%) of the 35 interviewed patients 
were satisfied with the PNS treatment. On a scale of 0 

Fig. 2. Numeric rating scale (NRS) scores over time. “Pre_NRS” is the distribution of  NRS scores before the implantation 
of  the PNS device; “NRS_1”, “NRS_6”, and “NRS_12” are NRS scores at one, six, and twelve months post-implantation, 
respectively; and “NRS_END” is the NRS score at the time of  the interview. All bar graphs show the median result and a 95% 
confidence interval. 
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Fig. 3. Mean differences between the NRS scores before the implantation of  the PNS device and the NRS scores at one, 6, and 
12 months after implantation (“NRS_1”, “NRS_6”, and “NRS_12”, respectively) and at the time of  the interview (“NRS_
END”). 

Fig. 4. Headache days per month before and after implantation as asked at time of  interview. 
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to 10, with 10 being “completely satisfied,” the mean 
score was 7.35 ± 2.63. Twenty-nine (83%) of the pa-
tients said that they would recommend PNS treatment 
to a friend or family member with chronic, intractable 
headaches.

Relationship between Headache Duration 
and Efficacy of PNS

No correlation was found between the duration of 
intractable headaches and response to PNS treatment 
(r = -.33) (Fig. 5). A reverse analysis of the relation-
ship between positive PNS treatment responses and 
the number of years of intractable headaches found 
no correlation either. Patients with a > 5-year history 
of headaches did not differ significantly in NRS scores 
or headache days per month from patients with a ≤ 
5-year history of headaches. No correlation was found 
between previous successful interventional procedures, 
such as peripheral nerve blocks and responses to PNS 
treatment (r = .14).

Safety
Surgical complications related to implantation 

were reported by 10 patients. Five of the 10 patients 
reported soreness in the implantation site; 2 patients 
reported migratory headaches; and one patient each 
reported pruritus, neck tightness, and paresthesia. 
With the exception of neck tightness, the side effects 
resolved in one month or sooner. A total of 15 long-
term complications were reported: 2 patients had lead 
migration requiring revision; in one patient, the hard-
ware failed; 3 patients reported worsening headaches 
after implantation; and 6 patients had surgical wound 
infections, 3 of which necessitated the removal of the 
PNS unit. Three patients reported unusual complica-
tions—namely, one device was destroyed in a physical 
altercation, one was damaged by the full body scanner 
at an airport security check, and one device was dam-
aged during a neurosurgical procedure. All cases of 
infection were treated successfully with antibiotics or 
explantation, with no long-term sequela.

Sixteen patients had the PNS device removed. The 
reasons for removal were a decrease in efficacy over 
time (N = 7), lead migration or lead malfunction that 
could not be adequately corrected (N = 4), infection (N = 
3), and complete resolution of headaches (N = 2). There 

Fig. 5. Correlation between the patients’ histories of  headaches (numbers of  years) and their NRS scores after the implantation of  
the PNS device. The 95% confidence intervals are shaded. “NRS_1” and “NRS_6” mark the time points at one and six months 
post-implantation, respectively.
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were no statistical differences between the group that 
underwent device explantation and the group in which 
devices remained implanted based on age, gender, or 
headache diagnosis. Table 3 summarizes adverse ef-
fects, complications, and explantation events. 

discussion 
In our study, PNS treatment reduced mean head-

ache severity by almost 50% within one month post-
implantation. At 12 months post-implantation, head-
ache severity decreased by at least 50% in 40 of the 46 
patients (87%). Beyond 12 months post-implantation, 
NRS scores continued to improve, and at the time of 
the interview (up to 98 months post-implantation) 
mean headache severity had decreased by 68% from 
pre-implantation levels. NRS scores reported during the 
interviews did not differ significantly with respect to 
time since implantation, indicating that the response to 
treatment was sustained. 

The efficacy of PNS in treating intractable head-
aches is consistent with those of previous studies. 
Weiner and Reed reported an 80% pain score reduction 
in 13 patients with intractable occipital headache (10, 

19). For occipital neuralgia, Slavin et al (20) reported 
that 70% of patients (N = 10) experienced pain relief, 
while Melvin et al (21) reported that 91% of patients 
(N = 11) showed a reduction in medication require-
ments. In those studies, any improvement in the pain 
score was considered to be a positive response. In more 
recent studies, as in ours, a positive treatment response 
was defined as a ≥ 50% reduction in pain. This differ-
ence accounts for the higher treatment response rate in 
the earlier studies and makes the direct comparison of 
those studies with ours difficult.

In our study, 87% of the patients reported greater 
than 50% reduction in headache intensity with 50% 
reduction in number of headache days per month, from 
28 days to 14 (P = .001), after the implant. Similarly, a 
retrospective study (N = 25) by Popeney and Alo (22) 
also showed 88% patients with greater than 50% re-
duction in headache intensity and 50% reduction in the 
number of headache days. The similarities between the 
2 studies may be due to the fact that both are single 
center studies where only one implanter was involved 
in the procedure, thereby minimizing heterogeneity in 
implant technique. 

Table 3. Side effects, complications, and reasons for explantation. 

Chronic Migraine
(N = 35)

Cluster Headache
(N = 11)

Total
(N = 46)

Side effect 7 3 10

Paresthesia 1 1

Neck tightness 1 1

Headache other site 2 2

Itching sensation 1 1

Implant site soreness 3 2 5

Complication 11 4 15

Infection 5 1 6

Lead migration 1 1 2

Headache aggravation 2 1 3

Hardware fault 1 1

Miscellaneous 3 3

Explantation 12 4 16

No further effect 5 2 7

Infection 2 1 3

Lead migration 1 1 2

Lead malfunction 2 2

Resolution of headache 2 2

Miscellaneous complications included one device broken through physical altercation, one device destroyed by magnetic fields during an airport 
security check, and one device damaged by a neurosurgical procedure.



Pain Physician: September/October 2015; 18:505-516

514  www.painphysicianjournal.com

The number of analgesics and preventive medica-
tions, such as beta blockers, calcium channel blockers, 
antiepileptic medications, and muscle relaxants, used 
for headaches decreased in 71% of patients. There has 
been no direct cost assessment study between PNS and 
other therapy modalities, such as pharmacotherapy, 
nerve block, or physiotherapy, but data do suggest that 
PNS might be a cost-saving alternative when consid-
ering the overall cost of this condition. In the United 
States, the American Productivity Audit estimated the 
total economic burden of migraines to be $13 billion 
annually (23). The American Migraine Prevalence and 
Prevention (AMPP) study estimated the annual cost of 
chronic migraines to be $7,750 per person per year (24). 
In Ohio, the costs for Medicare in the reimbursement 
for the placement of a peripheral nerve stimulator, 
including all fees and the cost of the device in Febru-
ary 2011, were estimated to be $26,578, the majority of 
which is due to the cost of the device ($17,090). Jenkins 
and Tepper (25) calculated the cost effectiveness of the 
PNS procedure and concluded that this form of inter-
vention seemed reasonable if the stimulation is utilized 
for patients in severe or disabling pain, is effective in 
those patients, and is continued for approximately 3 
years. Although we could not directly calculate the cost 
benefit from the results, it could be inferred that PNS 
might provide cost relief for patients and payers dur-
ing the management of intractable chronic headaches, 
along with its benefits in pain reduction.

Eighty-three percent of the patients (including 
some who underwent explantation and/or experienced 
complications) were willing to recommend PNS to 
friends and family members for the treatment of severe 
headaches. An average treatment satisfaction score of 
7.63 on an 11-point scale was equally remarkable, as 
was the patients’ overall satisfaction rate of 74.4%. The 
reasons for dissatisfaction were, in decreasing order, 
the cost of the procedure, device malfunction, and un-
met expectations.

The results of the significant reduction in both 
NRS scores and headache days per month after PNS 
implantation were unaffected by gender, type of head-
ache, PNS target nerve, and use of unilateral/bilateral 
stimulators. This was to be expected, considering the 
comparability of results found in past publications that 
focused on different headache types, headache origins, 
and stimulator setups (10,11,14,19-21). 

As was reported in a previous study (26), the suc-
cess of prior nerve blocks or other interventional proce-
dures might not be a good predictor of the therapeutic 

effect of PNS, as we found no correlation between the 
reported success of those procedures and response to 
PNS (r = .14). Patients who did not respond to occipital 
nerve blocks or radiofrequency ablation still showed a 
robust response to PNS. 

Our study did not find a significant correlation be-
tween the number of years the patients suffered from 
headaches and the patients’ responsiveness to PNS (P = 
-.33). The cutoff of 5 years was chosen on the basis of 
a previous study’s finding that the classic cutoff mar-
gin used in the evaluation of spinal cord stimulation 
(< 2-year history of chronic pain vs. ≥ 2-year history of 
chronic pain) could not be used in the same way for PNS 
(18). Generally, studies on the efficacy of spinal cord 
stimulation found that the degree of pain relief was 
inversely related to the length of the period between 
the onset of pain and the time of implantation (27).

We attempted to differentiate minor post-implan-
tation adverse effects that were linked directly to the 
surgical process, such as surgical site soreness, and/or re-
solved without further treatment within 14 days post-
operatively following serious complications, such as 
infections. Most minor adverse effects were resolved by 
reprogramming the PNS device or with time. The most 
common PNS-associated complication is lead migration, 
reported to occur in 10% to 25% of patients treated 
with PNS (20, 28). In the largest multicenter randomized 
prospective study of PNS to date (N = 177), Silberstein 
et al (17) reported that lead migration accounted for 
18.7% of all adverse events. In our study, only 4 patients 
(8%) had lead migration requiring revision, which pro-
vided successful results in 2 cases. This difference might 
be partially attributable to the difference in technique. 
For the patients in our study, a strain relief loop was 
applied to all implants with triple knots to secure the 
anchor to the lead and fascia. Moreover, the fact that 
all procedures were performed under the supervision 
of the same physician lowered the likelihood of incon-
sistencies in the application of the technique.

Kapural et al (29) reported that the lead migration 
rate for a midline incision was lower than the rate for a 
lateral incision. In addition, Shin et al (30) described an 
oblique cephalad trajectory for the midline incision to 
avoid sharp-angle positioning of the lead and minimize 
kinking or lead fracture. In the patients in our study, 
a similar midline incision technique was used, and all 
patients were fitted with a cervical collar during the 
first 7 days post-operatively to minimize neck move-
ment. Sharan et al (31) analyzed adverse events in their 
ONSTM trial and reported that internal pulse generator 
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(IPG) implants closer to the lead location and implanters 
experience significantly reduced adverse events. These 
factors likely contributed to the low lead migration rate 
in our study. 

Six patients in our study reported infections (13%), 
and in 3 of those patients the device was removed as 
a result. This finding is consistent with the incidence 
of PNS-associated infection reported in other studies: 
2% to 18% (28, 32). Another reason for explantation 
was the decrease in efficacy over time. Generally, the 
revision rate for PNS appears to be higher than the revi-
sion rate for spinal cord stimulation (20-21, 28). Table 4 
compares efficacy and adverse events of previous large 
studies (N ≥ 25) with our study. 

The weakness of our study is the heterogeneity in 
data collection. Although the use of phone interviews 
and EMRs allowed us to collect long-term follow-up 

data, phone interviews are susceptible to selection and 
information bias. The EMR often lacks important fol-
low-up documentation. Attempts were made to mini-
mize selection bias by limiting enrollment to patients 
who received PNS implantation from our clinic only.

conclusion

In summary, our study found that PNS can offer 
long-term benefits for patients with intractable head-
aches and should be considered as a viable treatment 
option. The benefits of this procedure include reduc-
tions in headache intensity, the number of headache 
days per month, and the use of medications. The effi-
cacy of PNS appears to be independent of the duration 
of headaches or the type of headache.

Table 4. The efficacy and adverse events compared with other large studies (N ≥ 25).

Number of  
patients

 Efficacy(% reduction is HA 
intensity and HA days)

Duration of  follow up 
(months)

Adverse events

Saper et al* (2011) 51 > 50% reduction (39%) 
Reduction in HA days (24%)   3  Lead migration 24% 

Infection 18%

Silberstein et al* (2012) 105 > 50% reduction (17%)
Reduction in HA days (28%)   3  Lead migration 19%

 Infection 4%

Popeney and Alo** (2003)
25 > 50 % reduction (88%)

Reduction in HA days (50%)  9 – 36  Lead migration 36%
 Infection 4%

Lee et al** (our study) 46 > 50% reduction (87%)
Reduction in HA days (50%)  19 – 98  Lead migration 8%

 Infection 13%

HA - headache
*Prospective study
**Retrospective study
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