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Abstract: 

Objectives and Hypothesis: Occipital nerve stimulation (ONS) may provide relief for refractory 

headache disorders. However, scant data exist regarding long-term ONS outcomes. We sought 

to provide long-term data on ONS efficacy in refractory headache disorder. 

Methods: The methods used were retrospective review of the medical records of all (non-

industry study) patients who were trialed and implanted with occipital nerve stimulator 

systems at our institution, followed by a phone interview. Up to three attempts were made to 

contact each patient, and those who were contacted were given the opportunity to participate 

in a brief phone interview regarding their ONS experience. Data for analysis were gleaned from 

both the phone interview and the patient’s medical records. 

Results: Twenty-nine patients underwent a trial of ONS during the 8.5-year study period. Three 

patients did not go on to permanent implant, 12 could not be contacted, and 14 participated in 

the phone interview. Based upon the phone interview (if the 

Patient was contacted) or chart review, ONS was deemed successful in five of the 12 migraine, 

four of the five cluster headache, and five of the eight miscellaneous headache patients, and 

therapy was documented as long as 102 months. In one of the 26 patients, success of ONS 

could not be determined. Among patients deemed to have successful outcomes, headache 

frequency decreased by 18%, severity by 27%, and migraine disability score by 50%. Fifty-eight 

percent of patients required at least one lead revision. 

Significance: These results, although limited by their retrospective nature, suggest that ONS can 

be effective long term despite technical challenges. The number of patients within each 

headache subtype was insufficient to draw conclusions regarding the differential effect of ONS. 

Randomized controlled long-term studies in specific, intractable, primary headache disorders 

are indicated. 
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Introduction/Significance: 

 

Background 

Refractory headache disorders including migraine, cluster headache, and trigeminal 

neuralgia, are present in many patients who fail to respond to standard medical therapies. 

Refractory headache disorders affect approximately 4% of the population worldwide and result 

in severe pain, debilitation, and limitation of lifestyle.1-3 Although the exact mechanism of 

refractory headache disorders is not fully understood, occipital nerve stimulation (ONS) may 

provide a unique treatment modality for patients with chronic and disabling intractable 

headache that is unresponsive to standard therapy. Occipital nerve stimulation (ONS) was 

introduced in 1999 as a therapeutic option that may provide relief for patients unresponsive to 

medical therapy.4 

The mechanism by which occipital nerve stimulation alleviates pain is similar to that of 

spinal cord stimulators, which were first introduced for pain control by Shealy in 1967.5 Spinal 

cord stimulation (SCS) is a technique that alleviates pain by delivering electrical impulses via 

implanted leads to the spinal cord.  Although SCS is a common therapy which is FDA approved 

for the treatment of chronic pain disorders, the mechanism of neurostimulation is not fully 

understood but may be explained by Melzack and Wall’s gate control theory.6  

As reported in several small studies, electrical stimulation has been applied to the 

occipital nerve in the management of a variety of headache disorders including migraine, 

hemicrania continua, posttraumatic headache, and cluster headache.7-16 The application of 

neuromodulation to occipital nerves began with Picaza in the 1970s, continued in 1985 by 

Waisbrod in the successful treatment of occipital neuralgia, and has been reintroduced by 

Weiner in 1999 in the treatment of occipital neuralgia.17,18 ,4 To date, electrical stimulation has 

also been applied to the occipital nerve in the management of a variety of headache disorders 

including migraine, hemicrania continua, post-traumatic and cluster headache. Although the 

use of spinal cord stimulation equipment to stimulate occipital nerves represents off-label use 

of the technology, there is a growing body of literature regarding ONS including technical 

aspects of the procedure, hardware, amperage, results, and complications.19 The mechanism of 
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ONS is not fully elucidated, but imaging studies (both functional magnetic resonance imaging 

and positron emission tomography) suggest that ONS has central effects.20,21 

Due to the recent emergence of ONS as a therapeutic technology for refractory 

headache disorders, scant data exist regarding long-term outcome of permanent ONS 

placement. Existing research on the efficacy of ONS is limited in both sample size and follow-up 

duration. Outcome data has previously been reported in up to 42-month duration on 15 

patients treated with ONS; the current study expands that data including additional patient 

implants.10  

 

Impact 

The objective of this study was to provide data on long-term success of ONS in medically 

intractable headache disorders. Outcome measures include success of ONS as deemed by the 

investigators and patient, headache day frequency, disability, pain severity, duration of ONS 

treatment from the date of permanent implant to the time of the phone interview (or the most 

recent clinic visit if the patient could not be contacted), number of lead revisions, and 

willingness of the patient to repeat the procedure. These results will hopefully add to the 

understanding of ONS and its potential as a long-term treatment modality for medically 

intractable headache disorders. 

 

Hypothesis 

We propose that occipital nerve stimulation (ONS) may provide a unique treatment 

modality for patients with chronic and disabling intractable headache that is unresponsive to 

standard therapy.  
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Research Materials and Methods: 

The institutional review board gave approval for both a chart review and phone survey. 

We retrospectively reviewed the medical records of all patients who were trialed with occipital 

nerve stimulator systems at our institution. Patients who participated in industry sponsored 

trials were excluded. Medical records obtained from the Department of Neurology and the 

Division of Pain Medicine provided patient initial diagnosis, previous treatments, and indication 

for ONS trial. All patients were evaluated at the first clinic visit by a neurologist with expertise in 

headache medicine and diagnosed according to the criteria of the International Classification of 

Headache Disorders I (prior to 2004) and II.22 

In each case before permanent implant, a three- to seven-day trial of ONS was 

performed by placing leads subcutaneously in the occipital region. If the patient reported 50% 

or greater reduction in pain intensity or headache frequency, the permanent device was 

implanted within several weeks. Unilateral headache patients underwent unilateral stimulation 

vs. bilateral stimulation for bilateral headache. As previously described, both midline and 

retromastoid approaches were used for lead placement combined with infraclavicular, buttock, 

and low abdominal implantable pulse generator sites.19, 23 

Duration of ONS treatment was calculated as the months between implant and the date 

of the phone call or the most recent clinic visit if the patient could not be contacted. Operative 

notes provided data for trial procedure, permanent implantation, revision surgery, and 

explantation as applicable.  

Next, a standardized phone survey was conducted to determine the long-term efficacy 

of ONS (Fig. 1). Up to three attempts were made to contact each patient, and those who were 

contacted were given the opportunity to participate in a brief phone interview regarding their 

ONS experience. The survey included questions regarding overall benefit and patient 

willingness to undergo the procedure again. Overall benefit was determined by asking patients 

to rate the overall effectiveness of ONS on a percentage scale. All survey questions were asked 

of all contacted patients. If the patient was contacted, data from survey interview was recorded 

and used in data analysis. If the patient could not be contacted, overall benefit was judged from 

verbiage in the medical record at the most recent clinic visit. Patient reports of headache  
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Figure 1. Phone survey questions. 

About how long has it been since your stimulator was inserted? 

On how many days in the last 3 months did you have a headache? 

(If a headache lasted more than 1 day, count each day.) _______ 

On a scale of 0–10, on average how painful were these headaches? 

(where 0 = no pain at all and 10 = pain as bad as it can be.) ___________ 

Overall, how effective has the stimulator been for your headaches (0–100%)? 

Knowing what you know now, would you have an occipital nerve stimulator placed again? 
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improvement or increased function within the clinic note were considered to be beneficial. 

Where possible, the investigators also made their own subjective assessment of the success of 

ONS within the clinic note. Success was defined as at least 50% overall benefit as reported by 

the patient in the phone interview or verbiage in the most recent clinic visit suggesting 

significant improvement, such as “excellent pain relief” or “complete pain relief.” If the note did 

not indicate benefit by either the patient or the physician, the intervention was deemed 

unsuccessful.  

The patients also were asked questions from the migraine disability assessment score 

(MIDAS) questionnaire.24 The MIDAS tool has been validated as an objective measure of 

migraine disability. The same questions were utilized to pertain to the other headache 

disorders within the study as well. Frequency of headaches was measured by patient reported 

headache days during the previous three months. Intensity of headaches was a patient rating 

from 0 (no pain) to 10 (worst possible pain) during the previous three months. These results 

were compared with baseline values as found in the medical record to calculate the percentage 

change in frequency, intensity, and MIDAS. If the patient could not be contacted, MIDAS, 

frequency, and headache intensity data were gleaned from the medical record where possible. 

Therefore, data for analysis were gleaned from both the phone interview and the patient’s 

medical records. MIDAS values were used from the phone interview. If no phone interview was 

present, the values were gleaned from the medical record if available. The data were 

summarized where applicable using descriptive statistics. Results were summarized as mean 

and standard deviation values. 
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Results: 

Twenty-nine patients underwent a trial of ONS during the study period, which covered 

8.5 years (2002–2011). Of the 29 patients, three patients did not undergo permanent 

implantation: two patients experienced inadequate benefit during their trial to justify 

permanent implantation and one patient had a successful trial but did not proceed to 

permanent implantation due to financial constraint.  

Two patients are now deceased of unrelated causes. Of the 26 patients who underwent 

permanent implant, phone contact was made with 14, and all agreed to participate in the 

survey (Fig. 2). Two patients (one migraine and one occipital neuralgia) reported spontaneous 

resolution of pain unrelated to ONS therapy. One had her ONS explanted while the other has 

stopped using his device. Two patients (one migraine and one posttraumatic headache) 

reported no benefit from permanent implantation despite a successful trial. Both were 

explanted after a short duration and would not repeat the therapy. An additional migraine 

patient (now deceased) received therapy for only one month before explantation for 

ineffectiveness. There were a total of 25 lead revision procedures in the 916 months of ONS 

therapy, not including explantations. Fifteen of the 26 patients (58%) underwent at least one 

lead revision.  

Table 1 summarizes outcome for 12 patients (all female) with a primary diagnosis of 

migraine, including the number of migraine preventative (non-narcotic) medications that had 

been tried before ONS implant, including onabotulinum toxin A. Two patients within Table 1 

had additional headache diagnoses to migraine headache disorder including hemicrania 

continua and occipital neuralgia. The duration of ONS treatment ranged from 1 to 70 months. 

Six of the patients were contacted via phone; four of the six stated that they would repeat the 

procedure. Three of the six patients contacted via phone were deemed a success. Two patients 

not contacted via phone were deemed a success per medical record verbiage including 

“complete” or “excellent” pain relief. Based on patient phone response or statements in the 

medical records, the investigators considered ONS to be successful in five of the 12 (42%) 

patients. One patient with only 40% overall benefit (who stated that she would repeat the 

procedure) was not deemed a success by our criteria (as the threshold for overall benefit was  
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50%). However, the patient did note a 60% decrease in headache intensity. The patient 

reported over the telephone that ONS therapy did not help pain, but alleviated other 

symptoms. One patient was deemed unsuccessful as she reported spontaneous resolution of 

headache, which was not attributed to ONS implantation. One patient was deceased from 

unrelated causes. The remaining four patients were not contacted via telephone and the last 

clinic note did not indicate benefit of ONS. 

Table 2 summarizes outcome for five patients with chronic cluster headache and no 

secondary diagnoses. The duration of ONS treatment ranged from 5 to 102 months. Two of the 

five were contacted via phone. Both contacted patients reported at least 50% overall benefit, 

therefore were deemed as a success. Two other patients not contacted via phone reported in 

the clinic note “8 out of 10 improvement” and “Doing very well.” Both were deemed as 

successful. One patient unable to be contacted and without any positive verbiage within the 

clinic note, was deemed unsuccessful. The investigators considered ONS to be successful in four 

of the five (80%) patients. 

Table 3 summarizes outcome in a heterogeneous group of nine chronic headache 

sufferers, including posttraumatic, trigeminal autonomic neuralgia, occipital neuralgia, new 

persistent daily headache, and hemicrania continua. Duration of ONS therapy ranged from 9 to 

90 months. Four of six contacted patients reported over 50% overall benefit, and were deemed 

a success. Two contacted patients were deemed unsuccessful as one patient reported no 

benefit. The other patient reported spontaneous resolution of headache with ONS no longer in 

use, therefore the impact of ONS could not be assessed. One patient not contacted, indicated 

“Excellent” ONS efficacy in the last clinic note and was deemed a success. In the two remaining 

patients not contacted, the last clinic note did not indicate ONS efficacy, and they were deemed 

unsuccessful. In five of the eight (63%) patients, the investigators deemed ONS successful.  

Combining results from Tables 1 to 3, we find that of the 26 patients who underwent 

permanent ONS placement, ONS was deemed successful in five of the 12 migraine, four of the 

five cluster headache, and five of the eight miscellaneous headache patients, and therapy was 

documented as long as 102 months. As noted above (Table 3), success of ONS could not be 

determined in one of the 26 patients. 
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Table 4 summarizes frequency, severity, and MIDAS data for all 26 patients. Not all data 

points for each endpoint were available for each patient due to our inability to contact the 

patient via phone, no recorded baseline, or no follow-up data in the medical record. Overall, 

frequency of headaches decreased by 12.8%, severity by 24%, and MIDAS by 49.9%.  

Table 5 provides similar data for the 14 patients in whom ONS was deemed successful 

by the investigators. Headache frequency decreased by 18%, severity by 27%, and migraine 

disability score by 49.9%. Of note in Table 4 (MIDAS), the six patients with both baseline and 

follow-up data that make up the percentage change are the same six patients in Table 5 for 

whom both baseline and follow-up data were available. 

 Outcomes were different for the patients contacted by phone survey and those who did 

not participate in the survey. Of the 14 patients contacted, 9 were considered a success 

(64.3%). Of the 12 patients not contacted by phone, 5 were considered a success (41.7%).  

 Additionally, the 26 patients within the study underwent a total of 25 revision surgeries 

within a total of 916 months.  
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Discussion: 

The results of this small, retrospective study suggest that ONS may provide long-term 

benefit to patients with medically intractable primary headache disorders. In more than half of 

the patients, ONS was deemed successful by the investigators, and ten of the 14 patients 

contacted via phone stated that they would repeat the procedure. 

Among the headache subtypes, ONS was deemed successful in 42% of migraine and 80% 

of cluster headache patients. These long term outcomes are noteworthy, considering that at 

our institution only severe and refractory patients are referred for ONS. As shown in Table 1, 

the migraine sufferers had failed numerous preventative medications before ONS implantation. 

There are at present no guidelines for preventative medications for chronic migraine, although 

recent guidelines are available for episodic migraine.25 Onabotulinum toxin A is the only Food 

and Drug Administration approved treatment for chronic migraine. 

In terms of technical problems, more than half of the patients required at least one lead 

revision surgery. More data and clinical experience are needed to guide lead anchoring 

techniques and internal pulse generator placement. The risk of lead migration remains high due 

to the highly mobile neck region and is a limitation of current hardware. Lead pathway length 

change may be less with an infraclavicular battery site compared with abdominal or buttock 

sites.26 

A number of recent studies have evaluated ONS in patients with chronic refractory 

cluster headache.7,13,27-31 Muller et al. treated seven chronic cluster headache patients with 

bilateral ONS for a follow-up period of 12 months.30 Treatment decreased headache intensity 

and the consumption of attack medication; six of the seven patients would fully recommend 

the operation. De Quintana-Schmidt et al. followed four cluster headache patients for six 

months who received bilateral ONS therapy.31 Frequency, intensity, and duration of headache 

were decreased; all four patients would recommend the procedure. Burns et al. described 14 

chronic cluster headache patients treated with ONS for a follow-up of 17.5 months (range 4–35 

months) with improvement in ten patients.7 Burns et al. also reported benefit in five of the six 

patients treated with ONS for chronic cluster headache in a follow-up of 13 months (range 6–21 

months).13 In our study, four or five cluster headache patients were judged to have had 
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successful outcomes with ONS, up to 102 months of therapy.  

Like cluster headache, there is little comparative literature available for long-term 

outcome of ONS in migraine patients. Saper et al. conducted a multicenter randomized, 

blinded, controlled study on the safety and efficacy of adjustable stimulation ONS in 28 chronic 

migraine patients for a three-month period.32 Thirty-nine percent of patients receiving 

adjustable stimulation experienced a significant reduction in intensity or frequency. This is 

similar to our 42% success in 12 migraine patients. In a heterogeneous group of headache 

sufferers, Trentman et al. measured outcomes in a one-year duration of eight patients who 

underwent ONS via a microstimulator; seven of the eight patients obtained reduction in 

disability.33 

The efficacy of ONS, possibly combined with stimulation of the supraorbital nerves 

(SONs), is of particular interest for patients with holocephalic symptoms. As summarized by 

Reed et al, the existing literature on ONS suggests greater success of this modality in patients 

with occipital region symptoms vs. those with more diffuse cephalgias. Reed et al.’s study of 

seven chronic migraine patients implanted with both ONS and SON leads showed that a 

combination of ONS and SONs was superior to ONS alone.34 Further study is needed to clarify 

optimal stimulation targets (distal trigeminal, occipital, or both) and management for the 

various primary headache disorders.35-38 

Weaknesses of this study include its retrospective nature, heterogeneity of headache 

disorders, heterogeneity of additional headache medications utilized, and small sample size. 

Patients and their headache disorder diagnoses were not reevaluated during the study and 

changes in headache diagnosis criteria were not accounted for. However, despite primary 

headache diagnosis, all patients qualified for refractory headache disorder. Changes to primary 

headache diagnosis over time may not have affected this study significantly as we aimed to 

provide data on a heterogeneous group of refractory headache.  

Another weakness of the study includes the small sample size, which may be attributed 

to the off label indication and frequency of refractory headache disorder necessitating surgical 

intervention and device implantation. Ideally, a randomized controlled trial that would account 

for the variables mentioned in the above weaknesses would provide stronger evidence in the 
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long term efficacy of ONS. However, given the expenses involved and the off-label indication, 

large samples outside of a randomized controlled trial are unlikely to be forthcoming. 

Unfortunately, there were not enough patients in any category (migraine, cluster headache, 

etc.) to analyze diagnosis-specific outcome measures such as MIDAS, intensity, or headache 

frequency. In some cases, baseline or follow-up data were unavailable in the medical record. 

This study represents a minority of all patients with primary headache disorders.  

Due to the interactive nature of the telephone survey, selection bias may have occurred 

(e.g., patients with better ONS outcomes may have been more willing to be interviewed). There 

is also potential bias in the assessment of ONS success by the investigators (based upon chart 

review) vs. an assessment based upon the patient’s stated overall benefit (when contacted via 

phone). In addition, improvement could conceivably be explained by uncontrolled headache 

therapies or factors other than ONS that were implemented during the long follow-up period, 

though this is unlikely given the recalcitrant nature of this group of patients having failed 

aggressive outpatient, procedural, non-pharmacological, and inpatient therapies over the 

course of many years. Lastly, surgical methods and devices used for ONS implantation were not 

homogenous but varied during the 8.5-year study duration. 
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Future Directions: 

Missing data preclude definitive conclusions regarding the efficacy of ONS; nonetheless, 

new therapeutic modalities are needed for disabling medically intractable primary headache 

disorders. Further randomized and controlled long-term studies of ONS are indicated. Future 

studies may include case-control studies to compare efficacy of ONS in implanted patients to a 

control group. Further studies also necessitate the separation of different headache subtypes to 

assess efficacy in differing primary headache disorder. However, at the present, ONS is an off 

label use of nerve stimulation technology for the treatment of headache and patient sample 

size is limited.  
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Conclusions: 

This small, retrospective study of refractory headache patients suggests that ONS may 

provide durable, effective therapy when more conservative therapies have failed. Technical 

problems including the need to revise leads impacted many patients, but despite this more 

than half of the patients were deemed treatment successes.  
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