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Kangbuk Samsung Hospital Sungkyunkwan University School of Medicine

Neuromodulation

The electric torpedo The Electreat ECT

Nerves can be stimulated with
electricity, which can either inhibit or
generate neural impulses depending on the

stimulation parameters

Classification

Refractory

« DBS (hypothalamic)

headaches
Any
headache

Non-Invasive

* Magnetic (TMS) &
direct current stimulation (TDCS)

(transcranial)

« Occipital nerve stimulation
(percutaneous)
« Sphenopalatine ggl stimulation

(pergingival)

« Vagus nerve stimulation
(transcutaneous)
« Supraorbital nerve stimulation

(transcutaneous)

Peripheral vs. central stimulation Targets in headache

Anterior view of head Paosterior view o head
Dieap beain
imulation — s
S i . Inplaned e L. TMs
—= | SONS i
Transcutanecus
soNs — ¢

Sphancpaiatiog )
N ganglon ;

slimulaton
s Vagal nerve
stimistion

1.Chronic cluster headache (and other TACs)
2.Chronic and episodic migraine
Pain medicine 2015: 16: 1827-1834

VNS in migraine

« Convenient
« Easy to use
« Portable

« Acute treatment of Migraine
« Preventive treatment of CM
* Cluster headache

Vagal Projections to the CNS
¢-Fos and delta-FosB tracing

o
i Oty f T et o et

Cunningham JT, M. S. (2008).
Jul;33(8):1884-95.
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Procedural Approach in Migraine Treatment

.. . . . .
Clinical trial of VNS: Migraine
Study tor (N/attacks) Format Status
Acute Treatment
Goadsby P, et al. Effect of noninvasive
vagus nerve stimulation on acute
Acute Migraine Goadsby 27/80 Open-label migraine: an open-label pilot study.
[published online March 7, 2014].
Cephalalgia.
Grazzi L, et al. Presented at 66th Annual
Acute Migraine Grazzi 30/% Open-label x:j:’;‘g;, ':‘;ﬂ“l T ,f:;‘ ;“;gi:‘_y of
Philadelphia, PA. Abstract P7.196.
Moscato, et al. Presented at 56th Annual
Chronic Migraine ~ Moscato 22/79 Open-label m ;'::':26“_2; ';’;:'“da(he
Abstract LBP 1.
Rainero I, et al. Presented at 66th
Chronic . Annual Meeting of the American
Migraine/MOH Rainero 15/362 Open-label Academy of Neurology; April 26-May 3,
2014; Philadelphia, PA. Abstract P1.262.
Preventive Treatment
Chronic Migraine Double-blind,
(M-US-02 Silberstein 59/ pilot RCT Complete
[EVENT]) (inactive sham;

TMS in migraine

+ sTMS = single pulse

* ITMS = repetitive

* 1Hz=inhibitory, 10Hz=excitatory

nucleation  UGLEIEGELED]

. CSD break-up

long transient propagation

noise!
-

o

pe
ulation strategies

collapse

cortical surface area invaded by SD

Single-pulse TMS Device: FDA
approved for acute treatment of
migraine with aura

Single-pulse transcranial magnetic stimulation for acute
treatment of migraine with aura: a randomised, double-blind,
parallel-group, sham-controlled trial

Richord B Leon, MO 2, David W Dosick MO, Sephen D Sibesein MO, Jot R Sapr, O, Sheena K Aurra, D,
St e, P, ot il 0, ot e VB P Gy 1D

507 . Sham (0-82)
p=0bE7S, TS (082)

J sose
& b2 P-00327

Proportion ofpatients painfree (%)

Hours afertreatment

The LANCET Volume 9, No. 4, p373-380, April 2010

sTMS for acute treatment of of MWA

RESEARCH ARTICLE Open

Single-pulse transcranial magnetic @
stimulation (sTMS) for the acute treatment

of migraine: evaluation of outcome data for

the UK post market pilot program

o', ! N G, S o, F A, Wok Vs

an e ) Gty

Change in Attack Duration

Bhola et al. The Journal of Headache and Pain 2015

rTMS for migraine prevention

« Low frequency (1Hz): rTMS over the vertex: no superiority vs placebo

« High frequency (>10 Hz) over the prefrontal cortex: conflicting results

Randomized, proof-of-principle clinical
trial of active transcranial magnetic
stimulation in chronic migraine
Cephalaigia 2014 34: 464-472

High-rate repetitive transcranial
magnetic stimulation in migraine
prophylaxis: a randomized, placebo-
controlled study

Journal of Neurology 2013:260: 2793-2801

Transcutanous supraorbital nerve stimulation

(tSNS) in migraine

hcrense stend ol O

babb883800a

!

Migraine prevention with a supraorbital
transcutaneous stimulator
A randomized controlled trial

Jean Schoenen, 1D, PhD, o, MO, Luc Herroelen, WD, ichel
‘Vandenhesde, D, Pascale Gérard, Phy and Delphine Magis, D, PHD

"l

m
Mgans Mo Towhesduba Oty Aae dng
o s

Safety and patients’ satisfaction of transcutaneous
Cefaly Migraine Preventing TENS ~ Supraorbital NeuroStimulation (tSNS) with the
Cefaly® device in headache treatment: a survey of

Headband : FDA approved for

migraine prevention

2,313 headache sufferers in the general
population

Deiphine Magis', Simons Sav, Tulla Sasso 6l Roberta Baschi and Jean Schoenen

The Joural of Headache and Pain 2013, 14:95

Sphenopalatine Ganglion Stimulation

Gingival buccal approach to the pterygopalatine fossa & SPG
[ — = 7.

intra ooraphy in which we can
dstingush the mu-contacts mirostmultor
mplonted 1 the rerysepainine fosa

Physicion Programmer

Refractory chronic cluster headache >>

e 7:"’;:'&:":;‘73.“’::’“5 Open label pilot study for abortive /preventive
T " treatment of migraine
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nerve

Third occipital

nerve

the loop

Lesser occipital

8 pole electrical lead

Occipital nerve stimulation

PRO

«Effect in > 60% of CCH
*Long term F/U data

*3RCTs in CM

Loose tightening of

CON

Connection of lead
with extension

*Paresthesia

up to 35%

*Tested in other TACs

*Invasive procedure
«Difficult to blind
«Similar responder in CM

+Lead migration and infection in

ONS in chronic migraine prevention

Patients Follow-up Main findings Side-effects
(n) (months)
Popeney (2003)™* 25 183 64% of patients improved by at Lead migration;
least 50% infection
Matharu (2004)* 8 18 100% of patients improved by at Abdominal haematoma;
least 50% lead migration
Schwedt (2007)* 8 19 50% of patients improved by at Lead migration
least 50%
Lipton (2009)” 125 3 No difference vs sham Infection; site pain;
sensory symptoms
Marchioretto 34 12 Overall 56% frequency reduction Mild
(2010)*
Saper (2011)* 66 3 39% of patients improved by at Lead migration;
least 50% infection
Silberstein (2011)** 157 B Reduction in headache days by 36% Infection
Reed (2011)** 44 13 Overall 57% frequency reduction
Narouze (2011)** 12 13 Overall 81% frequency reduction Slight lead migration

Linder (2011)** 13 NR Overall 80% frequency reduction
(60% pain free)

Total 500 About a 56% improvement

Combined ONS & SONS

Cephalalgia

@

KL Reed', SB Black, CJ Banta I’ & KR Will'
"Depuriment of Anesthesiology, Pesbyteian Hospital of Dalls, *Medicsl Dirctor of New
and *Deperiment of Orthopedic Surgery, Presbyterian Hospta of Dalls, Dalls, TX, US/

SHANNON HANY, M.D., AND ASHWINI SHARAN, M.D.

Department of Neurosurgery. Thomas Jefferson Universiy. Philadelphia, Pennsylvania

Neurosurg Focus 35 (3):E9, 2013

doic10.1111/j.1468-2952.2009.01996x

Combined occipital and supraorbital neurostimulation for the
treatment of chronic migraine headaches: initial experience

rlogy, Baylor Univesiy Medical Center of Dallas,
A

Dual occipital and supraorbital nerve stimulation for chronic
migraine: a single-center experience, review of literature,
and surgical considerations

Peripheral Nerve Block in migraine

Greater Occipital nerve

Supraorbital nerve

Supratrochlear n

‘Supraorbital ¢

Infraorbitai .

Peripheral Nerve Block in migraine

Study design

Intervention

Results

Reference

Retrospective

Retrospective

Retrospective

Prospective,
non-controlled

A single or repeated GON
block(s) using lido d
methylprednisolon

Repeated GON and SON blocks
using bupivacaine

ON block with or

caine and epinephrine

¢ GON block
c and tr

and TPIs using lido

Headache improvement
subjects for up to 6 montl

Headache improvement in3% of
subjects for up to 6 months

Head pain reduction in 6% of
subjects at 30 minutes

A significant decrease in head pain
in 0% of subjects

Gawel and Rothbart®

Caputi and Firetto®

Bovim and Sand*

Ashkenazi and Young®

GON = greater occipital nerve: n = number of subjects: SON = supraorbital nerve: TPI = trigger point injections.

Ashkenazi, Avi, et ol

Head and Face Pain 505 (2010): 943952

" Headache: The Joural of

RCT on GONB for migraine :
Different methodologies & results

‘Acta Neurol Scand. 2018 Oct132(4)270-7. dok: 10.1111/ane. 12393, Epub 2015 ar 13.

Greater occipital nerve blockade for the treatment of chronic migraine: a randomized, multicenter, double-blind,
and placebo-controlled study.

nanLE", nan V. Karadas 0° GilHL* Exdemodly AK° TireeY? Akl 4°

Cephalaloia, 2015 Oct35(11):959-68. doi. 10.1177/0333102414361872. Epub 2014 Dec 12.

Occipital nerve block for the short-term preventive treatment of migraine: A randomized, double-blinded, placebo-
controlled study.

Dill E, Halker R?, Varqas B2 Hentr J2 Radam T Rogers R? Dodick D?

No universal technique or approaches
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Procedural Approach in Migraine Treatment

Indication for the use of trigger point injection

s = w0

: 5 I IIII
“4’

: | | | | | Wi

° | “ ,/

et R e ey #
By headache diagnosis By Symptoms
eadache d bje ection | Age ectio Outcome
Ashkenazi CM/EM prospective | 19 GONB, Lidocaine + 1 single 89.5% of patients 20
and Young triameinolone series of minutes after treatment
TPI lidocaine injection

Garcia_Leiva | CM/EM prospective | 52 TPI Ropivacaine 1series of | 59.6% of patients

etal weekly reported being much or
injection very much improved after
over 12 wks | 12 week treatment period

Botulinum Toxin for Chronic Migraine

Population and
Headache
Characteristics

Dose and Injection Paradigm’- Results

Mathew  _ oqn. 3 consecutive identical treatments at 90-
CM etal, gla-sa;ri%nzt;s isadache day intervals with placebo or BOTOX® Negative
2005 ¥ 105-260 U; follow-the-pain

Silberst N=702: 215 headache 3 consecutive identical treatments at 90-

CM | einet days/month day intervals with placebo or BOTOX® 75, | Positive
al, 2005 | %@ 150, or 225 U; fixed-site, fixed-dose
Aurora L“:Sﬁ:ﬁ headache 5 injection cycles, 12 weeks apart with

oM etal, S e or placebo or BOTOX® 155 U, maximum Positive
2010 - graine dose 195 U; modified follow-the-pain

probable migraine days

Diener ('1\‘3=s7lr0nscin2tr1\5 headache 2 injection cycles, 12 weeks apart with

CM | etal, N 5y0% migréine or placebo or BOTOX® 155 U, maximum Positive
2010 probable migraine days dose 195 U; modified follow-the-pain

1. Aurora SK. Presented at AHS 2006,
2 Aurora SK, et al. Cephalalgia. 2010; Epub ahead of pint.
3. Diener HC, et al. Cephataiga. 2010; Epub ahead of print.

PREEMPT Study Design'

. OHY HEE $Rjo] e T2 A 2203 (1384)
v Solet 7@l 12270 AfolE

v 2%, RE9], 01BYH, 919 Ohx, 2% HLEA| YA

BOTOX® vs Placebo  Primry All Patients on BOTOX®
Baseline  Randomization L) &

Weeks

i

BOTOX® BOTOX® BOTOX®

1 2
BOTOX® vs. BOTOX®
Placebo (saline) Placebo (saline)

B mst 24 £8 B4 4B Wit YN2 7|8Y

as
1. Dok DW, ot . Headche, 21058042136, / usaza

PREEMPT Pooled Analysis:

HEA® B S0 B[N BES 2447} BFHoE 82 U2E/S

£ 70%0l A, HFE LY L4+ 50% of

2 2 —e— BOTOX®

23 —=— Placebo

a8 4

8t

°5

Ec P<.001"
°

28 s PeOD1 P00t ) S

® c P<.001

32 0 3

Sc Peont o

T3 =003 P=02:
2 a2 P=013 P=01

P=018

A Double-Blind Phase Open-Label Phase

Mean =+ standard error.
The double-blind phase included 688 subjects in the BOTOX® group and 696 in the placebo group.
Headache days at baseline: 19.9 BOTOX® group vs 18.9 placebo group, P=.328.

1. Aurora SK, et al. Presented at IHC 2009.

Elactical simulaton

Selective inhibition of
meningeal
nociceptors by BTX

Parieta]
bone

)

J Comp Neurol. 2009 July 20; 515(3): 331-348

Order of injection and patient position: FSFD

+ The anatomic injection sites follow distributions and
areas innervated by the trigeminal - cervical nerve complex

Supine Sitting
1

A. Corrugator: 5U
each side

B. Procerus: 5 U
(one site)

C. Frontalis:

each side

D. Temporalis:
each side

E. Occipitalis: 15 U
each side

F. Cervical paraspinal:
10 U each side
G. Trapezius:

15U each side

0.1 mL = (5 Uisite),
Blumenfeld AM et al. Presented at AAN 2010.
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Summary

+ Invasive neurostimulation for very severe and treatment
refractory migraine

+ Noninvasive neurostimulation as useful adjuncts to more
conventional therapies

+ FDA approved: SONS (Migraine prevention) and TMS
(migraine with aura)

+ Botulnum Toxin for CM, CM with MOH, refractory CM :

primary Treatment
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