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Treatment of chronic migraine through 
targeting superficial nerves in the head has 
shown promise from prior work
• Typically, nerves targeted include occipital 

(ON) and branches of the trigeminal complex 
such as the supraorbital nerve (SON) owing to 
their respective anatomical projections, and 
ability to affect neurovascular and brain 
function in migraine

• This review serves to compare and contrast 
the benefit of simultaneous ON and SON 
stimulation versus ON alone

INTRODUCTION

A scoping review of the relevant literature was 
undertaken to analyze various elements of 
these two approaches in chronic migraine 
treatment 
• Appropriate MeSH terms were utilized for 

searching multiple databases including PubMed, 
EMBASE and Google Scholar. Published works 
included both peer-review, meeting abstracts 
and other sources without restriction to data 
collection methodology (ie retrospective, 
prospective, RCT, etc). 

• Back searches were also utilized in reference 
lists from published works. 

• Areas of analysis included multiple domains of 
clinical outcomes, technological elements of 
devices, surgical approaches, adverse event 
reporting and mechanistic underpinnings for 
each approach.

METHODS
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RESULTS

Both ON and ON-SON neuromodulation therapies 
can offer patients relief from chronic migraine. 
• A clinical advantage may exist with combinatorial 

therapy including both ON and SON cranial 
structures occipital somatic and trigeminal 
afferents

• Integration of ON and SON stimulation effects at 
the trigeminocervical complex in the spinal cord 
and supraspinal regions may enhance headache 
prevention and anatomical coverage of HA

• Prior technologies targeting ON and SON nerves 
have suffered from performance issues and 
provides an opportunity to improve upon devices 
that are specifically designed to focus therapy on 
superficial nerve structures located in the head

CONCLUSIONS

+ Clinical outcomes yielded variable results in 
both cases with ON stimulation producing 0-
15 monthly headache day (MHD) reductions, 
while ON+SON stimulation showing 0-20 MHD 
reductions on a patient-by-patient basis. 

+ Average percentage reductions in MHD for ON 
was, on average, lower than for ON+SON 
stimulation. There was high variability 
between studies.

+ Clinically relevant headache intensity 
reductions were reflected in both 
approaches. Combinatorial ON+SON reflected 
an increased ability to address a wider 
anatomical distribution of headache(HA) 
locations, and in some cases patients were 
better treated when SON leads were added in 
addition to ON leads. 

+ Similar adverse events, clinical and device 
related, were found between the approaches 
which are likely due to surgical approaches 
and similarity in base device technology that 
was being utilized. 

+ Lead migrations, fracture and infections were 
the most reported events in relation to these 
two approaches. 

Multiple literature resources were previously and 
currently identified for comparison between single 
and multiple target neuromodulation therapy. 

This work was supported by ShiraTronics.

Figure  1. Left panel summarizes overall effect on headache frequency in both ON and ON-SON 
stimulation configuration. Right panel demonstrates integration of signals from ON and SON 
simultaneous stimulation, perhaps providing enhanced coverage and impact on headaches.

Reference Sample Size Design Device(s) Programming Follow-Up Duration Outcome(s)

Joswig et al 2021 26 ONS+SON Retrospective Implantable PNS Not Available 2-4 years

75% >30% VAS reduction
67.9% >50% VAS reduction

26-27 headche days/mo baaeline; 
15-16 2-4 years out

Jiang et al 2019 6/11 migraine Retrospective Implantable PNS Not Available 4-60 months 82% responder with 50% pain relief 
and HA frequency

Clark et al 2016 16 Retrospective Implantable PNS Not Available Short-term 2 mo
Longer-term 5-60 mo

75% responder short-term; 50% 
responder longer term (>50% HA 

severity reduction)

Reed et al 2015 4 Retrospective Implantable PNS
SJM and BSC Not Available 6-92 mo

92% reduction HA days/mo
44% reduction HA pain severisty 

(VAS)

Hann et al 2013 14 Retrospective Implantable PNS Not Available 3-60 mo 78.5% response >50% HA reduction 
(severity VAS)

Reed et al 2010 7 Retrospective Implantable PNS
SJM Not Available 1-35 mo 100% responder (90-95% 

improvement)

Reed et al 2014 175 (188) Retrospective Implantable PNS Not Available Avg 14 mo FU

85% responded >50% pain relief or 
HA days reduction

73% reduction in HA days (27 to 7)
59% reduciton in HA intensity

Arcioni et al 2015 1 Retrospective Implantable PNS
MDT

The occipital four-pole leads were 
both programmed (0−, 1−, 2−, 

3+), with an
amplitude of 1.6 V (right lead) 

and 1.4 V (left lead), pulse width 
of 110 ms, and

frequency of 40 Hz. The eight-pole 
supraorbital lead was 

programmed (0+, 1+, 2−,
5+, 7−) with an amplitude of 1,2 

V, pulse width of 90 ms, and 
frequency of 60 Hz.

12 mo >50% HA severity

Datta et al 2012 1 Retrospective Implantable PNS Not Available 5 mo 100% relief
Lee et al 2015 2 Retrospective Implantable PNS Not Available Not Available Not Available

Royster et al 2011 2 Retrospective Implantable PNS Not Available 4-5 months >50% pain relief
Zhou et al 2016 12 Retrospective Implantable PNS Not Available 0.3-9 yrs Daily/Constant -> Rarely

Russo et al 2025 13 Prospective Head Based PNS
Not Available

3-12 months

MMD decreased -9.0 (51%) and 
MHD reduced -10.4 (54%). I
66% >50% reduction in MHD

Table  1. Top Section: Occipital nerve stimulation clinical outcomes in published work focusing 
on chronic migraine patients. Bottom Section: Summary of published work utilizing both ON and 
SON concomitant stimulation in the treatment of chronic migraine.

Occipital Nerve Stimulation Outcomes

Occipital Nerve plus Supraorbital Nerve Stimulation Outcomes

RESULTS

ON 

30-60% 
monthly headache 

day reduction

ON+SON 

AVERAGE PERCENTAGE 
REDUCTIONS IN MHD

50-75% 
monthly headache 

day reduction

Papers with > 
n=1 patients

Reference Sample Size Design Device(s) Programming Follow-Up Duration Outcome(s)

Saper et al 2011 28 (AS)
14 (PS) RCT Implantable PNS N/A 3 months

Adjustable stimulation:
Baeline 22.4+6.3 

3 mo F-U: 15.7+10.0 (27%)
Preset stimulation MHD 

Baseline 23.4+5.1 
3 mo F-U 21.9+7.8 (8.8%)

Silberstein et al 2012*
N = 157

N = 52 control group
N = 105 active group

RCT Implantable PNS N/A (No Stim SHAM) 12 weeks 14.2% reduction MHD Control Group
27.2% reduction MHD Active Group

Serra et al 2012 28 RCT Implantable PNS N/A 4 weeks Approximately 70% reduction in ON 
versus OFF arm

Dodick et al 2015* 111 ITT (89 ICM) RCT (Open Label) Implantable PNS N/A 1 year Approximately 30% reduction MHD

Slotty et al 2015 8 RCT (within subject) Implantable PNS Standard, subthreshold, off (amplitude) Standard > subthreshold > Off Pain relief 
effect

Harland et al. 2020 2 Retrospective Implantable PNS N/A 8-63 months 2/6 CM responders 
(>50% NRS improvement)

Matharu et al. 2004 8 CM Prospective for PET Implantable PNS
pulse width 90 to 180 ms, the frequency 

ranged from 60 to 130 Hz, amplitude from 
1.5 to 10.5 V

>1 year All subjects had responded to ONS with 
reductions in pain severity

Schwedt et al. 2007 2/6 Retrospective Implantable PNS N/A 5-42 months

Baseline MHD (90 Day): 88.8 (4.6) 
F-U: 63 (39) 

FU Change: -25 (40)
% Change: 28%

Lipton et al. 2009 Active = 63
Sham = 62 RCT Implantable PNS

Active 250 µsec pulses, 60 Hz, 0-12.7 mA
Sham: 10 µsec pulses, 2 Hz, <1 mA, 

1 sec on / 90 min off duty cycle
12 weeks

MMD Outcomes
Active 20.2 ± 7.2; Change -5.5 ± 8.7
Sham: 19.2 ± 7.9; Change 3.9 ± 8.2

Kiss and Becker 2012 10 Prospective Case Series Implantable PNS N/A
Paresthesia coverage determined 34 months 50% success rate (>50% pain relief)

Success related to pareshesia coverage

Mammis et al 2012 24 Retrospective Implantable PNS N/A N/A 89% success rate (>50% pain relief) at 
last follow-up

Brewer et al. 2013 12 Retrospective 
w/Phone Interview Implantable PNS N/A 1-70 months 42% success at last F-U; 

>50% overall positive effect

Palmisani et al. 2013 19 Retrospective 
w/Phone Interview Implantable PNS N/A

Paresthesia coverage determined 1-17 years 53% success at last F-U
(>50% reduction in HA pain or occurance)

Abhinav et al. 2013 1 Retrospective Implantable PNS Paddle lead used; no programming info 12 months 80% reduction in MHD

Notaro et al. 2014 17 Retrospective Implantable PNS N/A 12 months

3 months: 49% reduction NRS; 42% 
improvement in MIDAS

12 month: 40% reduction in NRS; 46% 
improvement in MIDAS

Miller et al. 2016 53 Prospective Case Series Implantable PNS
Preliminary 60Hz, 240 μs, comfortable 

amplitude;  paresthesia based, continuous 
stimulaton

6-97 months
5.8 day reduction in MHD - CM alone
34.3% CM alone had >30% reduction 

MHD

Rodrigo et al. 2017 36 (11 at 7 years) Prospective Case Series Implantable PNS 40 Hz, 250 μs, amplitude to generate 
comfortable paresthesia; 1-2 bipoles 1-7 years 60% reduction in MHD at last F-U

Garcia-Ortega et al 2019 12 Retrospective Implantable PNS

Tripolar contacts; burst stimulation was
used (5 pulses per burst, each of width 

1000 μs separated by1000 μs intervals, and 
overall frequency of bursts 40 Hz)

2-18 months 62% reduction in MHD
16% reduction in NRS

Göbel et al. 2020 32 Prospective Case Series Implantable PNS N/A (Burst?) 1-21 months 51% responders at last F-U; response 
rating as very good, good or moderate

Ashkan et al 2020 112 Prospective Registry Implantable PNS N/A (Burst?) 3-24 months 21% reduction in MHD; 25% relief

* Same study cohort


