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Abstract	

Background:	Occipital	nerve	stimulation	(ONS)	is	widely	used	for	headache	syndromes	including	chronic	

migraine	(CM)	and	chronic	cluster	headache	(CCH).	The	paraesthesia	associated	with	tonic	stimulation	

can	be	bothersome	and	can	 limit	therapy.	 	 It	 is	now	clear	 in	spinal	cord	stimulation	that	paraesthesia-

free	waveforms	can	produce	effective	analgesia,	but	this	has	not	been	reported	in	ONS	for	CM	or	CCH.	

Materials	and	Methods:	17	patients	(12	CM	and	5	CCH)	were	treated	with	bilateral	burst	pattern	ONS,	

including	 4	 who	 had	 previously	 had	 tonic	 ONS.	 	 Results	 were	 assessed	 in	 terms	 of	 the	 frequency	 of	

headaches	(number	of	headache	days	per	month	for	CM,	and	number	of	attacks	per	day	for	CCH)	and	

their	intensity	on	the	numeric	pain	rating	scale.	

Results:	Burst	ONS	produced	a	statistically	significant	mean	reduction	of	10.2	headache	days	per	month	

in	CM.		In	CCH	there	were	significant	mean	reductions	in	headache	frequency	(92%)	and	intensity	(42%).		

Conclusions:	 Paraesthesia	 is	 not	 necessary	 for	 good	 quality	 analgesia	 in	 ONS.	 	 Larger	 studies	 will	 be	

required	 to	 determine	 whether	 the	 efficacies	 of	 the	 two	 stimulation	 modes	 differ.	 	 Burst	 ONS	 is	

imperceptible	and	therefore	potentially	amenable	to	robustly	blinded	clinical	trials.		
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Introduction	

Occipital	 nerve	 stimulation	 (ONS)	 may	 be	 used	 to	 treat	 chronic	 severe	 headache	 that	 is	 resistant	 to	

medical	therapy.		ONS	involves	electrically	stimulating	the	greater	occipital	nerves	(GONs),	which	are	the	

medial	 branches	 of	 the	 dorsal	 primary	 rami	 of	 C2.	 	 They	 emerge	 from	 deeper	 layers	 by	 piercing	

semispinalis	 capitis	 approximately	 3cm	 below	 and	 1.5cm	 lateral	 to	 the	 inion	 (1)	 and	 run	 upwards	

towards	 the	 vertex,	 supplying	 sensation	 to	 the	 posterior	 scalp.	 An	 ONS	 system	 consists	 of	 electrode	

wires	that	are	inserted	underneath	the	scalp	to	stimulate	the	GONs	(usually	one	on	each	side,	so	as	to	

be	in	a	position	to	stimulate	both	left	and	right	GONs),	and	an	implanted	pulse	generator	(IPG).		

Migraine	headache	is	usually	one-sided,	often	throbbing,	and	may	be	accompanied	by	nausea/vomiting	

or	sensitivity	to	light.	Episodes	last	from	hours	up	to	a	few	days.	The	frequency	of	attacks	is	variable	but	

patients	who	 are	 considered	 for	 ONS	 have	 progressed	 to	 'chronic	migraine'	 (CM)	where	 headache	 is	

present	more	days	than	not.		Before	considering	ONS,	patients	will	have	tried	preventative	medication	

including	 beta	 blockers,	 topiramate,	 sodium	 valproate,	 pizotifen,	 amitriptyline,	 and	 gabapentin,	 and	

would	usually	also	have	tried	Botulinum	neurotoxin	(BoNT)	treatment.	

In	cluster	headache,	pain	is	located	in	or	around	the	eye	or	temple	and	affects	only	one	side	of	the	head,	

which	for	most	patients	 is	always	the	same	side.	 It	 is	accompanied	by	other	symptoms	including	facial	

flushing,	 tearing,	 and	 running	 nose.	 Individual	 attacks	 typically	 last	 from	 15	minutes	 to	 3	 hours,	 and	

come	in	clusters	lasting	weeks	to	months	during	which	there	may	be	multiple	episodes	per	day.		In	most	

cases	 there	 are	 lengthy	headache-free	periods	 (months	 to	 years)	 between	 clusters.	However	patients	

who	are	considered	for	invasive	neuromodulation	have	'chronic	cluster	headache'	(CCH)	where	the	long	

headache-free	 intervals	between	clusters	are	absent.	 	 This	 can	be	a	progression	 from	episodic	 cluster	

headache	 or	 it	may	 arise	 de	 novo.	 Before	 considering	 neuromodulation,	 patients	would	 usually	 have	

tried	 preventative	 medications	 including	 verapamil,	 steroids,	 lithium,	 topiramate	 and	 gabapentin.	
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Neuromodulation	 options	 in	 chronic	 cluster	 headache	 include	 occipital	 nerve	 stimulation	 (ONS)	 (2-8),	

sphenopalatine	 ganglion	 (SPG)	 stimulation	 (9-11),	 and	 deep	 brain	 stimulation	 (DBS)	 (12-14)	 of	 the	

ipsilateral	posterior	hypothalamus.		While	all	can	be	effective,	ONS	is	the	least	invasive	and	is	low	risk,	

and	is	therefore	our	usual	first	line	therapy.	

ONS	and	DBS	 systems	are	 ‘always-on’	 and	 the	aim	of	 the	 treatment	 is	 preventive	 (in	 contrast	 to	 SPG	

stimulation	 which	 is	 used	 in	 an	 episodic	 manner	 in	 response	 to	 the	 onset	 of	 a	 cluster	 attack).	 ONS	

systems	typically	deliver	a	regular	pattern	of	small	current	pulses	to	the	nerves.		This	regular	pattern	is	

known	as	‘tonic’	stimulation	(which	we	will	denote	as	tONS),	and	it	generates	a	paraesthesia	(tingling	or	

buzzing	 sensation)	 in	 the	 scalp.	 As	 with	 tonic	 spinal	 cord	 stimulation	 (SCS),	 the	 traditional	 belief	 has	

been	that	 this	paraesthesia	was	a	prerequisite	 for	effective	pain	 relief.	However	 in	SCS	 it	 is	now	clear	

that	this	 is	not	the	case,	and	spinal	cord	stimulator	systems	that	cause	no	paraesthesia	at	all,	yet	give	

effective	 pain	 relief,	 are	 now	 widely	 available.	 	 Paraesthesia-free	 pain	 relief	 may	 be	 achieved	 by	

stimulating	at	much	higher	frequencies	than	usual	(in	the	kiloHertz	range	rather	than	the	typical	50Hz)	

(15-17),	or	by	delivering	stimulation	in	bursts	(short	trains	of	pulses	separated	by	a	gap)	(18,	19).	Some	

studies	 have	 suggested	 that	 burst	 SCS	may	 provide	 better	 pain	 relief	 than	 tonic	 stimulation	 and	 that	

most	patients	prefer	not	to	have	paraesthesia	(19,	20).	

In	three	large	series	of	tONS	for	CCH,	attack	frequencies	were	reduced	by	46-58%	(6-8).		The	response	in	

migraine	is	relatively	modest,	with	a	reduction	of	less	than	3	headache	days	per	month	when	the	control	

response	 is	 subtracted	 (21).	 There	 is	 clearly	 room	 for	 improvement	 in	 both	 conditions.	 Additionally,	

some	patients	 dislike	 the	 scalp	 paraesthesia	 that	 accompanies	 tONS,	which	may	 limit	 therapy	 (7).	 	 In	

some	cases	patients	have	had	to	switch	the	system	off	at	night	to	be	able	to	sleep	well	(8).	Therapy	can	

also	be	limited	by	muscle	activation.		The	successful	use	of	paraesthesia-free	burst	pattern	ONS	(bONS)	

has	recently	been	reported	in	two	cases	of	occipital	neuralgia	(22),	and	the	question	therefore	arises	as	



	 5	

to	whether	it	might	be	effective	in	CCH	and	CM.	We	present	here	the	results	of	our	first	17	cases	treated	

with	paraesthesia-free	bONS.		

	

Materials	and	Methods		

Patients	

All	patients	satisfied	the	current	accepted	definitions	of	CM	or	CCH.	CM	is	defined	as	headache	present	

on	at	least	15	days	per	month	for	more	than	3	months,	with	typical	migraine	features	on	at	least	8	days	

per	month,	in	the	absence	of	medication	overuse	(23).	CCH	is	defined	as	having	cluster	headache	attacks	

for	more	than	one	year	without	remission	or	with	remission	lasting	less	than	3	months	(23).	

Operative	procedure	

All	patients	underwent	implantation	of	their	system	in	a	single	stage	under	general	anaesthesia.	 	With	

the	patient	in	the	lateral	position,	electrodes	were	placed	bilaterally	via	a	small	vertical	midline	incision	

immediately	below	the	 inion,	with	 leads	being	passed	 laterally	 from	the	 incision,	deep	to	trapezius,	 in	

the	direction	of	the	external	auditory	meatus.		Insertion	was	facilitated	by	first	making	a	tract	using	a	

dissector	and	then	passing	an	introducer	sheath	(“Epiducer”,	Abbott)	along	this	tract.		Lead	tips	were	

approximately	 5-6	 centimetres	 from	 the	midline,	 with	 the	most	 proximal	 contacts	 just	 lateral	 to	 the	

incision.	 	 Electrode	 siting	 was	 confirmed	 by	 fluoroscopy.	 Lamitrode	 S8	 single	 column	 paddle	 leads	

(Abbott)	 were	 implanted,	 placed	 with	 the	 exposed	 contacts	 on	 their	 superficial	 surface.	 	 From	 the	

insertion	point,	leads	were	tunnelled	to	a	left	subclavicular	pocket	where	the	IPG	was	sited.	The	IPG	was	

either	 a	 Proclaim	 primary	 cell	 (patients	 M1,	 C1,	 and	 C2)	 or	 Prodigy	 rechargeable	 (all	 others)	 device	

(Abbott).			

Programming	
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Patients	were	either	day	cases	or	had	a	single	overnight	postoperative	stay.	Their	devices	were	switched	

on	after	allowing	two	weeks	for	their	surgical	wounds	to	heal.		

Tonic	stimulation	was	used	 initially	 to	 find	the	electrode	combination	that	covered	the	occipital	nerve	

sensory	distribution	as	much	as	possible.	This	will	vary	from	individual	to	individual	depending	on	exact	

lead	position	and	GON	anatomy.	We	used	either	a	bipolar	or	a	 tripolar	 lead	configuration	 (+	 -	+).	The	

stimulation	was	then	switched	into	burst	mode.	De	Ridder	pattern	burst	stimulation	was	used	(5	pulses	

per	burst,	each	of	width	1000	μs	separated	by	1000	μs	 intervals,	and	overall	 frequency	of	bursts	40	

Hz).		The	threshold	for	perception	of	the	burst	stimulation	was	found	and	the	stimulation	set	at	50%	of	

this	 level.	 	 Patients	 were	 provided	 with	 a	 programmer	 with	 which	 they	 could	 vary	 the	 stimulation	

amplitude,	with	the	maximum	set	to	the	perception	threshold.		

Pain	evaluation	

For	CM	the	number	of	headache	days	per	month	was	recorded,	together	with	the	average	intensity	of	

the	headaches	as	measured	on	the	eleven	point	numeric	pain	rating	scale	(NPRS).		

For	 CCH,	 patients	 were	 asked	 to	 report	 cluster	 attack	 frequency,	 and	 the	 average	 intensity	 of	 the	

headaches	on	the	NPRS.		

Statistical	methods	

Given	the	small	numbers	the	data	could	not	be	tested	for	normality	and	thus	non-parametric	statistics	

were	used.		For	descriptive	statistics	we	have	given	mean	and	range,	and	for	comparisons	a	sign	test	was	

used.	
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Results		

17	patients	were	treated.		Patient	details	and	results	are	summarised	in	table	1.	In	4	cases	(1	CM	and	3	

CCH)	 the	 patient	 had	 previously	 had	 tONS	 but	 required	 revision	 surgery	 due	 to	 lead	 displacement	 or	

infection.		

In	 all	 cases	 stimulation	 was	 paraesthesia-free	 and	 there	 were	 no	 cases	 where	 muscle	 activation	

occurred.	

CM	

12	patients	had	bONS	for	CM,	3	male	and	9	female,	with	a	mean	age	at	treatment	of	46	years	(range	25	

to	73).	 	Preoperatively	the	mean	number	of	headache	days	per	month	was	26.5	(range	15	to	30).	 	The	

headache	was	present	every	day	in	8	cases.	Postoperatively	there	was	a	mean	reduction	in	the	number	

of	 headache	 days	 per	 month	 of	 10.2	 days	 for	 the	 group	 as	 a	 whole	 (p=0.002,	 one	 tailed	 sign	 test).	

Responses	were	dichotomous:	4	 patients	had	no	 reduction	 in	headache	days	at	 all,	while	 the	other	8	

(patients	M1,	M4,	M7,	M8,	M9,	M10,	M11,	and	M12)	had	a	mean	reduction	of	15	days.			

Mean	headache	 intensity	preoperatively	was	7.8/10.	 	 The	mean	 improvement	 in	headache	NPRS	was	

only	 16%,	 but	 again	 this	 was	 divided	 into	 6	 of	 12	 patients	 who	 had	 an	 improvement	 in	 headache	

intensity	averaging	32%,	and	6	 in	whom	it	 remained	unchanged.	 	4	of	 the	6	patients	whose	headache	

intensity	improved	were	also	in	the	group	who	had	a	reduction	in	headache	days,	while	the	other	2	had	

no	reduction	in	headache	days.		Thus	of	12	CM	patients,	4	had	a	reduction	in	both	headache	days	and	

headache	intensity;	4	had	a	reduction	in	headache	days	but	not	headache	intensity,	2	had	a	reduction	in	

headache	intensity	but	not	headache	days,	and	2	had	no	improvement	of	either	kind.		

CCH	
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5	 patients	 had	 bONS	 for	 CCH,	 all	male,	 with	 a	mean	 age	 of	 38	 years	 at	 treatment	 (range	 25	 to	 60).	

Preoperatively	the	mean	cluster	attack	frequency	was	7.6	per	day	(range	2	to	20)	and	all	patients	rated	

the	 intensity	 of	 their	 headaches	 as	 10/10	 on	 the	 NPRS.	 	 Postoperatively	 the	 attack	 frequency	 was	

reduced	by	 at	 least	 80%	 in	 all	 cases,	with	 3	 cases	 having	 either	 complete	 remission	 (patient	 C1)	 or	 a	

reduction	in	frequency	to	less	than	one	episode	per	week	(patients	C2	and	C5).	Mean	attack	frequency	

reduction	was	92%	(p=0.013,	one	tailed	sign	test).		There	was	a	mean	reduction	of	42%	in	the	intensity	

of	residual	headaches	(p=0.023,	one	tailed	sign	test).	

Complications	

Two	patients	(M4	and	C4)	required	explantation	due	to	infection.		Both	of	these	patients	had	responded	

well	and	the	pain	data	presented	are	the	last	data	prior	to	system	removal.		Patient	M4	has	since	been	

reimplanted	and	her	pain	 relief	 is	 the	 same	as	 it	was	prior	 to	 system	removal.	 	Patient	C4	 is	awaiting	

reimplantation.	
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Discussion		

Early	 experience	 suggests	 that	 paraesthesia-free	 ONS	 using	 a	 burst	 waveform	 may	 be	 an	 effective	

treatment	for	severe	chronic	cluster	and	chronic	migraine	headaches.		

This	study	shares	many	of	the	usual	limitations	inherent	in	retrospective	clinical	case	series.	There	is	no	

control	 group,	 and	 patients	were	 not	 systematically	 trialled	with	 both	 stimulation	modes.	 This	 series	

does	not	therefore	provide	a	direct	comparison	between	tONS	and	bONS.	Further	studies	are	needed	to	

compare	the	relative	efficacies	of	the	two	modes	of	stimulation.	

The	issue	of	the	necessity	or	not	of	paraesthesia	in	ONS	for	CM	was	previously	addressed	by	Slotty	et	al	

(24),	who	compared	the	effects	of	stimulation	amplitudes	above	and	below	the	threshold	of	perception	

in	 chronic	 migraine	 patients	 who	 had	 already	 had	 a	 successful	 tONS	 implant.	 	 Stimulating	 at	

subthreshold	 levels	 yielded	 an	 efficacy	 that	 was	 intermediate	 between	 no	 stimulation	 and	

suprathreshold	 stimulation	 (mean	 VAS	 was	 8.45	 with	 stimulation	 off,	 5.65	 with	 subthreshold	

stimulation,	and	1.98	with	suprathreshold	stimulation).		This	clearly	demonstrated	that	it	 is	possible	to	

have	 at	 least	 some	 effect	 without	 paraesthesia.	 It	 could	 not	 however	 exclude	 the	 possibility	 that	

paraesthesia	was	necessary	for	optimal	effect.		The	lesser	effect	of	subthreshold	stimulation	could	have	

been	 simply	 due	 to	 the	 fact	 that	 the	 stimulator	 amplitude	 had	 to	 be	 set	 low	 to	 avoid	 generating	

paraesthesia,	which	might	be	expected	to	make	it	less	effective,	but	it	could	also	be	because	having	the	

paraesthesia	is	important.	In	contrast,	stimulation	in	the	patients	presented	here	was	paraesthesia-free	

by	virtue	of	 the	nature	of	 its	waveform,	rather	 than	by	virtue	of	setting	a	 low	amplitude.	 	The	 finding	

that	paraesthesia	free	bONS	can	give	results	that	appear	to	be	as	good	as	tONS,	with	almost	complete	

remission	 in	 some	cases	of	CCH,	 strongly	 suggests	 that	paraesthesia	 is	not	necessary	 for	optimal	ONS	

results.		This	accords	with	an	early	report	of	good	results	in	occipital	neuralgia	(22).	
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Tonic	ONS	in	CM	has	been	subjected	to	four	randomised	controlled	trials	(RCTs)	(25-28)	and	there	are	

additionally	several	published	case	series	(29-33).	The	way	the	results	of	treatment	have	been	evaluated	

has	not	been	entirely	consistent	 from	study	 to	study,	 complicating	comparison,	but	 three	of	 the	RCTs	

reported	a	similar	measure	of	the	number	of	days	per	month	affected	by	prolonged	moderate	to	severe	

headache	(25,	27,	28).		Meta-analysis	of	these	yielded	a	reduction	of	2.59	days	per	month	(95%	CI	0.91	–	

4.27)	 in	 the	 active	 treatment	 group	 compared	 to	 sham	 control	 (21).	 	 Given	 that	 by	 definition	 CM	

patients	have	a	minimum	of	15	headache	days	per	month,	and	often	many	more,	this	is	a	modest	effect	

size.	 	 In	 the	 group	 presented	 here	 the	mean	 reduction	 in	 headache	 days	 was	 10.2.	 	Whilst	 this	 was	

statistically	significant	and	at	first	sight	appears	to	compare	favourably	with	the	tONS	results	above,	the	

data	 are	 not	 normally	 distributed	 and	 the	 number	 of	 cases	 is	 small,	 so	 it	 is	 not	 possible	 to	 put	 a	

confidence	interval	on	this	result,	and	we	had	no	control	group	for	comparison.		In	the	RCTs	the	control	

groups	improved	by	some	2-4	days;	the	apparent	10	day	improvement	here	is	therefore	very	likely	to	be	

an	 overestimate.	 Larger	 studies	 including	 controls	 will	 be	 required	 to	 determine	 effect	 size	 more	

precisely.		

A	striking	feature	of	the	results	presented	here	was	that	the	CM	patients	appeared	to	clearly	separate	

into	two	groups.		4	of	12	had	no	reduction	in	headache	days	at	all,	while	8	had	a	mean	reduction	of	15	

days,	 although	 only	5	 of	 them	 (42%)	 had	 a	 response	 of	 50%	 or	more.	 6	 of	 12	 CM	 patients	 reported	

reduction	in	the	intensity	of	their	headaches.	Only	4	of	these	were	in	the	group	with	reduced	headache	

days,	thus	it	appears	that	if	there	is	a	response	to	treatment,	it	can	take	any	of	three	forms:	a	reduction	

in	headache	days,	 a	 reduction	 in	 intensity,	 or	 a	 combination	of	both.	 The	only	potential	 preoperative	

predictor	of	outcome	we	observed	was	the	number	of	headache	days	per	month	at	baseline.		All	of	the	

patients	who	 failed	 to	 improve	 in	 terms	of	headache	days	had	 reported	preoperatively	 that	 they	had	

headache	every	day	(see	figure	1,	upper	left	graph).		This	may	simply	have	occurred	by	chance,	and	the	

same	pattern	 is	 not	observed	 in	 the	NPRS.	 	 If	 it	 is	 genuine,	 it	may	 indicate	 that	 those	with	headache	
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every	day	have	a	headache	syndrome	 that	 is	 in	 some	way	different	and	more	 refractory	 to	ONS	 than	

those	with	fewer	headache	days;	or	that	those	with	headaches	reported	every	day	simply	have	a	much	

more	severe	problem	that	is	not	obvious	because	of	the	ceiling	of	the	scale	used;	or	that	those	reporting	

headaches	 every	 day	 have	 a	 degree	 of	 pain	 catastrophisation	 that	 prejudices	 the	 chance	 of	 a	 good	

outcome.	The	last	of	these	possibilities	could	be	examined	in	future	work	by	inclusion	of	a	score	such	as	

the	Pain	Catastrophizing	Scale	(34)	at	baseline.	

The	benefits	of	tONS	have	typically	been	greater	 in	CCH.	 	Only	case	series	are	available,	and	again	the	

outcome	measures	provided	have	not	always	been	consistent	from	study	to	study.		The	most	commonly	

reported	metric	 is	 the	 reduction	 in	attack	 frequency,	and	 in	 the	 three	 largest	 series	cluster	 frequency	

was	reduced	by	46%	(n=51)(6),	50%	(n=44)(8),	and	58%	(n=35)(7).	The	responder	rates	in	these	studies	

(percentage	of	patients	having	a	50%	or	greater	reduction	in	attack	frequency)	were	53%,	59%,	and	67%	

respectively.	 	 In	 smaller	 series,	outcomes	have	been	widely	different	with	one	 series	 reporting	a	95%	

reduction	(5).	Some	studies	have	also	reported	a	reduction	in	the	intensity	of	residual	headaches;	figures	

range	 widely,	 from	 no	 reduction	 at	 all,	 up	 to	 a	 50%	 improvement.	 In	 the	 larger	 series	 there	 were	

reductions	 in	 attack	 intensity	 of	 some	 25%	 (6,	 8).	 	 All	 the	 5	 patients	 presented	 here	 experienced	 a	

reduction	of	80%	or	more	in	attack	frequency,	with	a	mean	reduction	of	92%.	Again	the	number	of	cases	

in	this	study	is	too	small	to	permit	calculation	of	confidence	intervals,	but	these	results	are	encouraging.	

Residual	headache	intensity	in	this	group	fell	by	a	mean	of	42%.			

The	outcome	measures	used	for	both	types	of	headache	have	significant	shortcomings.	 	 In	both	cases	

we	have	used	a	measure	of	 frequency	 (cluster	 attack	 frequency	or	headache	days)	 and	a	measure	of	

headache	intensity	(NPRS).	 	These	measures	are	presented	separately,	but	in	reality	the	importance	of	

each	is	dependent	on	the	other:	the	intensity	of	residual	headaches	is	less	important	if	such	headaches	

are	 infrequent,	 and	 the	 frequency	 of	 headache	 episodes	 matters	 less	 if	 their	 intensity	 has	 been	

dramatically	reduced.		A	composite	measure	incorporating	both	frequency	and	intensity	may	be	a	better	
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way	 to	 describe	 outcome.	 	 For	 example	 Saper	 et	 al	 defined	 responders	 in	 their	 migraine	 study	 as	

patients	who	 saw	at	 least	 a	 50%	 reduction	 in	headache	days	or	 at	 least	 a	 3	point	 headache	 intensity	

reduction	 (25).	 	 Based	 on	 this	 criterion,	 the	 responder	 rate	 in	 the	 group	 presented	 here	was	7	 of	 12	

(58%).	 	 In	 cluster	 headache,	 “headache	 load”	 (the	 product	 of	 frequency,	 intensity,	 and	 duration)	 has	

been	proposed	as	an	outcome	measure	(35)	for	similar	reasons.		We	did	not	record	headache	duration	

and	so	cannot	evaluate	this	measure	for	the	patients	in	this	study,	but	will	do	so	in	future	work.	

In	some	previous	studies	leads	were	implanted	unilaterally	(2,	5),	in	others	bilaterally	(3,	4,	6,	8,	26),	and	

in	 still	 others	 there	 was	 a	 mixture	 of	 unilateral	 and	 bilateral	 implantations	 (7,	 25,	 27).	 	 Migraineurs	

commonly	 have	headaches	 affecting	both	 sides,	 although	one	 side	may	be	more	 frequently	 involved.		

Cluster	headache	 is	 strictly	unilateral	 and	under	ordinary	 circumstances	always	affects	 the	 same	 side.		

However	this	is	not	universally	the	case,	and	in	particular	side	shift	has	been	described	following	ONS	(2,	

5).		In	a	series	of	unilateral	implantations	by	Magis	et	al,	side	shift	was	observed	in	5	of	14	cases	(5),	a	

rate	 of	 36%.	 	 In	 our	 view	 such	 a	 high	 rate	 justifies	 routine	 bilateral	 implantation	 at	 the	 primary	

procedure.	

The	exact	anatomical	site	of	implantation	has	not	always	been	specified.		Where	the	location	has	been	

given,	 it	 has	 often	 been	 at	 or	 around	 the	 level	 of	 the	 craniocervical	 junction	 (25,	 27).	 	 The	 GON	 is	

relatively	deep	at	 this	 level	 and	 it	 is	 difficult	 to	be	 certain	 that	 the	 implanted	electrode	 is	 in	 intimate	

contact	 with	 it.	 	 Based	 on	 the	 anatomical	 considerations	 described	 in	 the	 introduction	 we	 have	

implanted	 leads	 higher	 up,	 just	 below	 the	 inion,	 similar	 to	 other	 studies	 (6,	 7).	 There	 is	 also	 less	

surrounding	muscle	 here,	 and	we	 believe	 it	 is	 therefore	 less	 likely	 that	 stimulation	will	 be	 limited	 by	

muscle	activation.		We	note	that	in	previous	studies	where	lead	location	was	well	reported,	the	migraine	

studies	 (25,	 27)	 have	 used	 the	 lower	 location	 while	 the	 cluster	 studies	 (6,	 7)	 have	 used	 the	 higher	

implantation	 site,	 and	wonder	whether	 it	 is	 possible	 that	 this	 could	 be	making	 a	 contribution	 to	 the	

different	efficacies	in	the	two	conditions.		However,	this	may	merely	be	coincidence,	and	unfortunately	
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we	were	unable	to	determine	the	anatomical	site	from	the	description	of	methods	in	more	studies.		We	

would	urge	authors	in	future	work	to	make	completely	clear	the	exact	anatomical	electrode	location	in	

their	cases.	

It	 is	 impossible	 to	 perfectly	 blind	 patients	 in	 studies	 of	 paraesthesia-inducing	 neuromodulation	

treatments.		In	trials	of	tONS	for	CM,	investigators	have	gone	to	considerable	efforts	to	blind	as	well	as	

possible,	but	there	are	always	potential	confounders.		The	ONSTIM	study	compared	a	control	group	of	

patients	who	received	‘preset	stimulation’	comprising	only	one	minute	per	day	of	therapy	at	fixed	levels,	

which	they	were	told	had	been	optimised	for	therapeutic	effect,	with	a	group	who	received	continuous	

stimulation	and	were	given	a	programmer	with	which	to	adjust	it	(25).	The	difference	between	groups	

was	substantial	(responder	rates	of	6%	and	39%	respectively),	but	it	is	difficult	to	exclude	the	possibility	

that	 the	 placebo	 effect	 from	 the	 continuous	 presence	 of	 paraesthesia	 was	 greater	 than	 that	 in	 the	

preset	 stimulation	 group.	 Providing	 a	 patient	 programmer	 to	 one	 group	 only	 is	 also	 a	 potential	

confounder	because	 there	 is	evidence	 that	an	element	of	patient	 choice	 in	pain	 treatments	enhances	

placebo	effect	(36).		In	the	trial	of	Silberstein	et	al,	all	patients	were	provided	with	a	programmer,	but	in	

the	control	group	 it	did	not	communicate	with	 the	 IPG	 (27).	The	same	considerations	as	before	apply	

with	 regard	 to	 the	placebo	effects	of	 paraesthesia.	Burst	waveform	 stimulation	 is	 different:	 at	 clinical	

stimulation	 levels	 it	 is	 not	 perceptible	 to	 the	 patient,	 and	 therefore	 it	 is	 potentially	 amenable	 to	 a	

robustly	blinded	 trial.	We	believe	 that	 such	a	 trial	of	bONS	 is	 feasible	and	would	greatly	enhance	 the	

evidence	base	for	ONS	overall.		

	

Conclusion	

Paraesthesia	is	not	necessary	for	ONS	to	be	effective	in	CM	and	CCH.		The	results	in	this	study	suggest	

that	paraesthesia-free	burst	ONS	can	perform	as	well	as	tonic	ONS	or	perhaps	better,	but	larger	studies	
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will	 be	 required	 to	 provide	 a	 more	 accurate	 comparison	 of	 efficacy.	 	 Paraesthesia-free	 stimulation	

affords	the	opportunity	to	perform	double-blind	trials	of	ONS.	
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Table	1:	Demographics	and	outcomes.	 	 (HA:	headache;	tONS:	tonic	occipital	nerve	stimulation;	bONS:	

burst	occipital	nerve	stimulation;	NPRS:	numeric	pain	rating	scale).	

	

	

Demographics	 Preoperative	scores	 Previous	
treatment	 Results	of	bONS	

Chronic	Migraine	

ID	 Sex	 Age	 HA	days	per	
month	 NPRS	 Previous	

tONS	
Last	follow	up	
(months)	

HA	days	per	
month	

Reduction	in	HA	
days	 NPRS	 %NPRS	

reduction	

M1	 F	 56	 18	 10	 -	 18	 12	 6	 6	 40	

M2	 M	 40	 30	 10	 -	 15	 30	 0	 7	 30	

M3	 F	 54	 30	 7	 -	 6	 30	 0	 7	 0	

M4	 F	 56	 30	 7	 Yes	 2	 4	 26	 3	 57	

M5	 F	 44	 30	 6	 -	 9	 30	 0	 6	 0	

M6	 F	 39	 30	 8	 -	 9	 30	 0	 6	 25	

M7	 M	 73	 30	 7	 -	 8	 6	 24	 7	 0	

M8	 F	 44	 15	 10	 -	 8	 3	 12	 10	 0	

M9	 F	 31	 30	 9	 -	 6	 16	 14	 8	 11	

M10	 F	 52	 18	 6	 -	 14	 9	 9	 4	 33	

M11	 F	 25	 27	 6	 -	 13	 18	 9	 6	 0	

M12	 M	 32	 30	 6	 -	 13	 8	 22	 6	 0	

	 Mean	 46	 26.5	 7.8	 	 10.1	 	 10.2	 	 16.4	

Chronic	Cluster	Headache	

ID	 Sex	 Age	
HA	frequency	

per	day	 NPRS	
Previous	
tONS	

Last	follow	up	
(months)	

HA	frequency	
per	day	

%	HA	frequency		
reduction	 NPRS	

%NPRS	
reduction	

C1	 M	 31	 6	 10	 Yes	 13	 0	 100	 0	 100	

C2	 M	 41	 2	 10	 Yes	 20	 0.05	 98	 8	 20	

C3	 M	 35	 5	 10	 -	 16	 1	 80	 5	 50	

C4	 M	 60	 20	 10	 Yes	 6	 4	 80	 6	 40	

C5	 M	 25	 5	 10	 -	 3	 0.1	 97	 10	 0	

	 Mean	 38	 7.6	 10	 	 11.6	 	 92	 	 42	
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Figure	1:	Changes	in	outcome	measures	from	baseline	to	last	follow	up.		The	upper	two	graphs	relate	

to	CM	patients,	and	the	lower	two	relate	to	CCH	patients.		In	the	left	column	is	a	measure	of	frequency	

(headache	 days	 for	 CM,	 headache	 episode	 frequency	 for	 CCH).	 	 The	 right	 column	 shows	 headache	

intensity	 for	 both	 conditions.	 (Note	 in	 the	 upper	 two	 graphs	 some	of	 the	 horizontal	 lines	 that	would	

have	been	overlapping	have	been	separated	slightly	for	clarity).	

	

	


