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Motor / Language I\/Ia(p)Qﬁg

 FDA approval of Nexstim
NBS device for:

— Mapping of the primary

motor cortex O

— Localization of cortlca S
that do NOT cont
essential spee

— For pre- proc plannmg

Picht 2011 Neurosurgery
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Motor mapping

e Comparing nTMS to Direct
Cortical Stimulation (DCS):

— Mean distance between nTMS
& DCS hotspots was 7.83 +/-
1.18 mm for APB (95% Cl 5.36
to 10.36 cm)

— nTMS and DCS hotspots were
in same gyrus for all patients
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NnTMS vs fMRI A

Several studies have evaluated accuracy(of)riotor
mapping with nTMS vs fMRI (with DCS ak gold standard)

— Forster 2011, Neurosurgery: 10 pts an distance to DCS
hotspot 10.5 +/- 5. 7 mm for nT!\@ 15.0 +/- 7.6 mm for fMRI

— Mangraviti 2013, Neurol Sci: %‘ents, mean distance to DCS
hotspot 8.5 +/- 4.6 mm f vs 12.9 +/- 5.7 mm for fMRI

upper extremity

Coburger 2013, Neurosurg : 30
patients; all 30 compl@yTMS,
whereas only 23 co ed fMRI.

Authors binned r sinto4
levels, where ost accurate, 4

is least W

lower extremity




Motor mapping w/ nTMS improves

come?

 Krieg 2014 Neurosurgery: Compared ou@hw sin 100

controls without nTMS from imm

consecutive patients bw 2010-2013 vClP istorical
iately prior period

— All patients underwent intraoper MEP monitoring as well
— Craniotomy size significantly

— 12 pts in nTMS group im

— Residual tumor in 22%
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Motor mapping w/ nTMS improves

come?

* Frey 2014 Neurosurgery: Compared ou@w sin 250

consecutive pts from 2007 — 2012 with

from 2005-2007

controls

A

— 165 cases with intraoperative sti@ation mapping, NnTMS
n

location of primary motor c

— In 82 cases with navigat
nTMS and DCS hotsp

— Gross total resectign a
42% of historic

Progression-free seyi
significantly hi %\TMS
group thanin c ol group
(15.5 vs IX6nths), although

no change tn overall survival

firmed in all cases.

trabp stim, mean distance bw
.2 mm (range 0.4 — 14.8 mm)

eved in 59% of nTMS group vs only
ol, with no change in post-op deficits

Risk stratification based on nTMS cartography

Suspected involvement of motor cortex 1in 21 5/250 (86%) cases

True eloquent 161 (74.9%)

False eloquent 54/215 (25.1%)

Net change biopsy/no surgery to surgery 37/54
— Conversion rate 68.5%




Language

e Picht 2013, Neurosurgery: Evaluated nT

responses during language

mappin
tumors close to left-sided Ianguagé\reas

mapping <\

nd DCS
patients with

TABLE 7. Sensitivity, Specificity, and Positive/Negative Predictive Val

ues rQn Regions in All Patients”
Classic Broca's Area
All { 19) Charite Berlin (B1-B6) TU Munich (M1-M14) All (N = 19)

All Regions
Charité Berlin (B1-B6) TUMunich (M1-
Sensitivity 0.89 0.90 0.90 1.0 1.0 1.0
Specificity 0.5 048 0.24 0.43 0 0.13
Positive predictive value 0.47 0 0.36 0.6 0.56 0.57
Negative predictive value 0.9 . 0.84 1.0 N/A 1.0
Threshold | Caolor Threshold | Color
0 0
[ 1 1
| 2 2
|3 3
ﬁ B
| s 5
[ — 6
FIGURE 3. Number of Mpe positives for each region. FIGURE 6. Number of false negatives for each region.




Language mapping . 4

e A subsequent study
(Tarapore 2013,
Neurolmage) also
demonstrated high
negative predictive
value, with
improved specifici

S 9 4 PPV
69%
nT 1 169 NPV

99%
Q sens. Spec.




llle 20154, b:
Compared language
mapping results from
rTMS (C) and fMRI (D)
with those from DCS

(B)

TABLE 3. Overall results without du%%lesiun location®

T DCS fMRIvs DCS
All Mapis nterior Posterior All Mapped Anterior Posterior
Parameter Reqi Regions Regions Regions Regions Regions
PPV . 56% (43—-69) 22% (13-39) 48% (35-62) 61% (43-77)  33% (0-91)
NPV g 100% (2-100) 100% (48-100) 79% (73-84) 53% (35-70)  79% (67-89)
Sensitivity o, (89-100)  100% (90-100)  100% (75-100) 40% (28-52) 98% (41-74) % (0-34)
Specificity 15% (9-22) 4% (0-18) 10% (3-22) 84% (78-89) 96% (38-74)  96% (87-100)




And may have beneficial e elts

0-14% 15-29% 30-44% as-son, [ EERTAR I 0-14% 15-20% 30-44 s 5o (G0 IR

Figure 1 rTMS and DCS error maps. This figure graphically e language mapping results gained by precperative rTMS (a) or
intraoperative direct cortical stimulation (DCS) (b) fog ) horts together. The percentage results from the number of individuals with

divided by the number of stimulated patients.

Cc
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—_ b _ W roneimild deficit C . E nonelmild deficit
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Craniotomy size smaller w/ TMS Early language deficits decreased  Sollman 2015



Abortive therapy migr%'?-r\e

 FDA approval for the SpringTMS sinaéﬁ’@se
portable TMS system obtained fo tive therapy
of migraine with aura '{

— 2 pulses of TMS administere ximately 30s apart to
occipital region

Image from www.medgadget.com



Efficacy in acute migrai

Randomized 201 patients with migraine@h aura, 1-8
episodes per month, aura for at least\30% of episodes

— 201 randomized, 164 had migraines and treated

Higher pain-free response rat er 2 hours (39% in
verum vs 22% in sham), sus d at 24 and 48 hours

N - sham -8 OWEVER, a number of
o secondary endpoints (patients

ooy who achieved no or mild pain 2h
after treatment, use of rescue
drugs, consistency of pain relief,
global assessment of relief)
showed no significant differences

30

25 4

15 4

Proportion of patients painfree (%)

[
[=]
1

[%a]
1

[=]
l

Lipton, Lancet Neurology 2010
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MEPs predict functional recovery after
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Table 1 Recovery defini amples of feasible

Recovery Definitio

Complete The pati has potential to retum to normal
near- and and am function within
weeks.

Motable ¥ Th tient has the potential to be using their
affeMped hand and arm in most activities of daily
iving within 12 weeks, though nommal function
s unlikely.

L e patient has the potential to have some
movement in their affected hand and am within
12 weeks, but it is unlikely to be used functionally
for activities of daily living.

Mone The patient can expect to have minimal movement
in their affected hand and arm, with little
improvement at 12 weeks.

2B 8 & B B

E{’—_ —x ! )

i
(=]
=

ﬂ' T T T T T T
0 2 4 G 8 1012 14 16 18 20 22 24 26

Time since stroke (w)

Stinear 2012, Brain



Paired-pulse measures identify cortical
hyperexcitability in Epileps

G

Short ISI Recovery Curve

180 220 260 300 340 380
ISl (ms)

420

Paired-pul sures suggest altered excitation
/ inhibiti lance in patients with newly-

diag@d’epilepsy compared to healthy controls

Badawy 2007 Ann Neurol



And predict response to medications

IGE
Dominant Hemisphere TMS-EN % .

ired-pulse
re$ normalize in
ients who respond to

> Qe s; no such changes seen
ose with ongoing seizures

A Seizure Free B Ongoing Seizures meas
Short IS| Recovery Curves

T A %

TABLE 4: Sensitivity, Specificity, and Predictive
Values (with 95% Confidence Interval) of More
Than 100% Reduction in Recovery Ratios at the

250-Millisecond Interstimulus Interval for Predict-
Long ISI Recovery Cur ing Seizure Freedom after Medication

Diagnosis IGE Focal Epilepsy
Sensitivity 0.65 (0.49-0.79) 0.35 (0.17-0.506)
Specificity 0.92 (0.62-0.99) 0.78 (0.52-0.94)
Positive 0.97 (0.82-0.99) 0.69 (0.39-0.91)
Predictive Value

Negative 0.42 (0.23-0.63) 0.45 (0.27-0.64)

Predictive Value

. Ep|| ntS before medS IGE = idiopathic generalized epilepsy.
. Epileps

patients, after meds . Normal controls  Badawy 2010, Ann Neurol



Diagnosis of Persistent Veget ve VS
Casali 2013, Science Trans Med Mlnlma"y Con tate
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Decreased complexity of evoked response in subjects with loss of

consciousness due to any etiology, and in patients with vegetative versus
minimally conscious versus locked-in states
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Theraputic effects? <\

 rTMS has been studied as a therapeu odality in
different neurologic conditions inc@

— Epilepsy &
— Migraine prevention

— Motor rehabilitation after &

— Cognitive rehabilitation in post-stroke aphasia, post-
stroke neglect and Alzi-@er’s Disease

— Movement Dlsorde |marin Parkinson’s)

— Chronic Pain

— Tinnitus
e However, E |cat|on has not been yet obtained

for any o multi-center trials currently
under everal disease conditions)



Key References <\

* Handbook of Clinical Neurology C)Q

— Volume 116, Pages 2-763, 2013, Edited by Andres
Lozano and Mark Hallett &

— Overview of Deep Brain Sti tion and Noninvasive
Brain Stimulation acr ctrum of neurologic

diseases
e Lefaucheur et a Q aI Neurophysiology 2014
— Recent evid ased review/guidelines on

therape t%e of rTMS in neurologic and psychiatric
dlsease%

QY



Principles for successful interve&tion
with TMS/tDCS OQ

 Known brain region or netwo,rgo
r

 Known goal to enhance or @ ase activity of

that network %
e Target can be engas@y stimulation

Intervention

v
o



Blinding in TMS studies is %’?ﬂcult

e TMS produces O
— An auditory clicking sound w/ bone c@guction
— A tapping sensation (trigeminal ents)

— Contraction of the temporaIE frontalis muscles

e Particularly problematicdn ¥rials in which “real”
stimulation is used t rmine motor threshold for
titration of stimulatiog’intensity = crossover trials
compromised, Qﬂel-group studies are needed!

 Recently, p coils that can be preprogrammed
and that lectrical stimulation to produce scalp
sens@\(have become commercially available



As a result study quality is ofte

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance hias)

Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias

selective reporting (reporting bi

ias

0% 25% 50% 75%  100%

. Low risk of bias % risk of bias . High risk of bias
Transc@ | Magnetic Stimulation
llocation concealment and inadequate blinding of

ilted away as sham stimulation group). Random sequence
en not specified in reports

e Primarily due tosla
participants (
generatiomalso

<

Shafi et al, in preparation



An overview of the current evidence

# Subjects, studies with

# Subjects, studies w/o
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Shafi et al, in preparation



Percent Improvement (NIBS - sham)
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* Trials have assessed the utility of

Epilepsy

medication-refractory epileps

— Typically apply low-frequen

focus or have applied to th

location of epileptic fc

Table 7
rTMS studies in epilepsy (varlous cortical argets).

Articles Number of patients Target, coil type

S

T

N
3 of patients)

S to the epileptic
tex (regardless of

Stimulaton
frequency and
intensi ty

Number of pulses/ Resul s Class of
session and number the
of sessions study

Focal LF rTMS of epileptic focus

Theodore et al. {2002) 24 (3 frontal, 1 parietal, 10 mesio-
temporal, 10 latero-tem poral )
{actdve: 12; control: 12)

21 (17 partial, 4 diffuse/multifocal)
factive: 12; control: 9)

Fregnd et al. (2006c)

60 (21 frontal, 3 mesio-tempor,
centro-parietal, 3 latero-tempor;

occipital) (active: 31: contgpl: 29§

Sun et al. (2012)

Recommendation: possible antiepileptic effe
Non-focal LF rTMS at the vertex
Tergau et al. (2003) 17 (11 extra-temporal,
temporal, 2
43 (41

Vertex, Cc
Cantello et al. {2007 ) Vertex, Ceo

No recommendation for the a ileptic effect of non-focal LF rTMS at the vertex

Tilted coil

Sham coil

low stimulus

intensity {20% RMT

Sham coil

Active coil placed
OWET A ROn-
connected coil

Active coll at very

1 Hz, 12065 RMT

1 Hz, 706 MSD

0.5 Hz, 90% BEMT

(.33-1 Hz, 100% BEMT

03 Hz, 100% RMT
(n = 34), 65% MSD
(n=9)

900 pulses, 14 sessions  No significant reduction of seizure 1l

frequency

1200 pulses, 5 sessions  Up to 72% reduction of seizure frequency, |
2 weeeks after rTMS; reduction of interictal
EEG abnormalities

Significantly greater seizure reduct on 1]
rate in active vs. control group {808 vs.

2% ) reduction of interictal EEG
abnormalities

1500 pulses, 14 sessions

30-40% reduction of seizure frequency, 2 111
wieeks after rTMS (only for 033 Hz )

No significant reduction of seizure 1l
frequency: reduction of EEG

abnormalities; no change in cortical
excitabilicy

1000 pulses, 5 sessions

1000 pulses, 5 sessions

Lefaucheur 2014 Clin Neurophys



# Subjects, studies with

# Subjects, studies w/o

ificant differences

L

51

significant differences

Parallel-group studie <\

400

300

200 1

O

100

-100

200 <

QY

v

Migraine

Motor tDC5  Motor e TMS Aphasia

Indication

Pain tD:C5

Parkinsons

e

#

Pain rTM5 Tinnitus

Shafi et al, in preparation
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50%
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Seizures

0

1
F 1 [l H i . | :
| = o - om T Y Group 2 (n = 29) B6 £ 108 84+ 101" 23
1 1 1 H \
“Signifiantly differen m baseline (p < 0.05).
*Significangfy difeent frdtn group | (p < 0.05).

Remarkable effects sometimgs Seen

Table 2. Effect of rTMS @ ures (mean * SD)

Follow-up SRR (%)
1.8 £ 3.7° 79.8

T 7 Group | (n = 31) BE

#— Group | (90% rMT) {gure Redcrion Rate = [(Baseline seizures-Follow-up seizures)/

—a— Group 2 (20% rMT)
Table 3. Effect of rTMS on IED of 60 min
(mean * SD)
Before rTMS After rTMS End of follow-up

4 a3 Bl A ST 0Y ' Groupl(n=31) 751885  23.1 £+480° 336 £ 556°

Baseline rTMS Follow.-up Group2 (n = 29) 766+ 719 715 + 787" 723 + 75.1°
. . “Significantly different from baseline (p < 0.05).
Sun 2012 Ep[lepS[ Significantly different from group | (p < 0.05).

Decrease in
seeninp cologic trials

But beneficidl effects only seen when rTMS is targeted
spec% to the seizure focus on the neocortical surface

Multi-Center trials needed to confirm findings!

frequency greater than is typically



Beneficial effects in stat‘ﬂus
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with epilepsia is continua

Case rep fectiveness of rTMS in refractory focal status epilepticus
(Thord 2012 Epi & Behav; Liu 2013 Seizure; VanHaerents 2015, Clinical
Neurophysijology)

Rotenberg (2% & Behav) reported sustained remission in 2/7 patients
sl
f




Migraine (chronic treat )

* Atotal of 4 studies evaluating eff; @of rTMS
for prophylactic treatment of,qgfahne

e |n largest (class Ill) study of atients, 10 Hz
stimulation to L M1 resmé?n more than 50%
reduction in headac et equency in 79% of

patients receiving MS, vs only 33.3% of pts

receiving sham@s a 2013 J Neurol)
u

e Small studi%@ ated HF stimulation of LDPFC
with mix sults; LF stimulation of vertex with

no bz?‘e@;



# Subjects, studies with

# Subjects, studies w/o

ificant differences

-

51

significant differences

200 +

100

Migraine results <\
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Shafi et al, in preparation



Motor Rehab after str%eé~
) ) )
. !—Iigh-frequen@

ipsilesion Isphere
* Low-freq i'prty (“inhibitory”) stimulation of

xcitatory”) stimulation of

cont nal motor cortex

Edwardson 2018 Exp Brain Res



A large number of studi

Table 5
rTMS studies in motor stroke |

target: primary motor cortex).

Articles Number of patients  Target, coil type Control Stimulation Number of pulses fsession and  Results Class of
condition frequency and number of sessions the study
intensity

LF rTMS of the contralesfonal motor cortec: acute or post-acute s troke

Liepert et al. {2007 ) 12 M1 contralesional, FBe Sham coil 1Hz, 90 BRMT 1200 pulses, 1 session 1

Pomeroy et al. (2007) 24 (active: 107 M1 contralesional, FBc Sham coil 1Hz, 1208 RMT 200 pulses, 8 sessions 1
control: 14) {combined with motor practice

in half of the patients)

Khedr et al. (2009a) 24 (active: 12; M1 contralesional, F8e Tilted coil 1Hz, 100% RMT 900 pulses, 5 sessions 1
control: 12)

Conforto et al. (2012) 29 (active: 15; M1 contralesional, FBc Tilted coil 1Hz, 90 RMT 1500 pulses, 10 sesslons, i
control: 14) followed by PT

Sasaki et al. (2013) 20 (active: 11; M1 contralesional, F8c Tilted coil 1Hz, 9 RMT 1800 pulses, 5 sessions ement in grip strength and finger tapping frequency (but less 11
control: 9) | than ipsilesional HF ¢TMS performed in 9 patients)

Senidw et al. (2012) A0 {active: 20; M1 contralesional, FBc Sham coil 1Hz, 90 RMT 1800 pulses, 15 sg Mo dif | noes between active and sham rTWS to improve hand motor 11

Recommendation: possible effect of LF rTMS of the contralesional motor cortex in | post-)acute motor stroke (Level C

conirol: 200

LF rTMS of the contralesional motor cortes: chronic stroke (=6 monthe after stroke)

Mansur et al. (2005)
Takeuchi et al. (2005)
Fregni et al. {2006a)
Takeuchi et al. (2008)

Emara et al. {2009, 2010)

Theilig et al. (2011)

Avenanti et al. (2012)

Eroh et al. (2013)

Recommendation: probab

HF rTMS of the ipsflesional motor corfed: acule or post-acu

Khedr et al. (2005a)

10 M1 contralesional, F8c

20 {active: 10;
control: 100

M1 contralesional, FEc

15 (active: 10; M1 contralesional, F8c
control: 5)

20 (active: 10 M1 contralesional, FEc
control: 10)

20 {active: 20; M1 contralesional, FBc
control: 200

24 (active: 12;
control: 12)

M1 contralesional, FEc

30 {active: 16;
control: 14)

18 M1 coniralesional, F

le effect of LF rTMS of the contralesi

52 {active: 26;
control: 26)

M1 ips

Khedr et al. (2009a) 24 (active: 12; M1 ipsil
control: 12)
Chang et al. (2000} 28 (active: 18;
control: 10)
Khedr et al. (2010b) 48 (active 3 Fac
active 10
controlg
Rec dation: ibile effe

HF ¥TMS af the ipslesional motor cor

Kim et al. (2006 )

Emara et al. {2009

15 1 ipsilesional, FEc

M1 ipsilesional, FEc

M1 contralesional, FBc Ti

Tilted coil

Tilted coil

Sham coil

Tilted coil

Tilted coil

Sham coil

Tilted coil

Tilted coil

Tilted coil

Tilted coil

Tilted coil

followed by mot

1 Hz, 100% RMT
1Hz, 9% EMT

1Hz, 100% RMT
1Hz,

1Hz,
EMT

pulses, 10 sessions

by 20 min of functional
electrical stimulation

1500 pulses, 10 sessions,
preceded or followed by PT

240 pulses, 10 sessions,
followed by repetitive motor
exercises

in chronic motor stroke (Level B)

3Hz, 1206 RMT 300 pulses, 10 sessions

3 Hz, 130% RMT 900 pulses, 5 sessions

10Hz, 90% RMT 1000 pulses, 10 sessions
3 Hz, 1308 RMT 750 pulses, 5 sessions
or 10 Hz, 100%

EMT

ilesional motor cortex in (post-jacute motor stroke {Level C)
(=6 manths after stroke)

10 Hz, 80% RMT
with motor pracice)

5 Hz, 80-90%
RMT

750 pulses, 10 sessions

HF rTMS of the ipsilesional motor cortex in chronic motor stroke (Level C)

U pulses, 1 session, followed

160 pul ses, 1 session {combined

function or the level of neurological deficit

Improvement of manual motor abilities, including shorter readtion 11
amd execution dmes

Improvement of manual motor abilities (movement acceleration, but 111
not force), lasting less than 30 min

Improvement of manual motor abilities, lasting for 2 weeks 1

Improvement of manual motor abilities, PT efficacy, and cortical 1
exdtability, lasting for one week

Improvement of manual motor abilities and functional stats, lasting 11
at least 12 weeks (idem ipsilesional HF rTMS); less improvement for
cortical vs. subcortical stroke

Similar improvement of motor performance with active and sham 1
rTMS followed by functional electrical stimulation

Improvement in manual dexterity (SHPT, JTT, grip force); rebalance of 111
interhemispheric excitability: dinical and neurophysiol ogical

improve ments more robust and stable when r TS was followed by PT
Improvement in motor performance (ARAT); no change in spasticity 111

Improvement on various functional scales 1

Less improvement of manual motor abilities than after contralesional 111
LF rTMS at 3 months

Improvement of manual motor abilities for subcortical strokes, d1l 1
3 months afver r-TMS

Improvement on various functional and motor scales (idem for 3and 111
10 Hz). Improvement remained significant at 1 year

Improvement of cortical excitability, movement accuracy and 1
execution time of @ motor sk during and immediately after
stimulation

Improvement of manual motor abilities and functional stats, lasting 11
at least 12 weeks (idem contralesional LF rTMS )

Lefaucheur 2014 Clin Neurophys



Most studies show a benefici fect

Study name Statistics for each study Mean 12g and 95% CI
Effect Lower Upper Felative
&ize imit  limit  p-Value  waight
Mansur et al, 2005 075 053 203 0325 1.88
Takeuchi et al, 2005 1.00 0D.O0O7 193 i0.04 3.58 .J
Fregni et al, 2006 1.18 002 233 i0.05 2.33
Leipert &t al, 2007 0.98 014 183 i0.02 4.31 -
Malcolm et al, 2007 013 077 103 078 3.8
Pomeroy &t al, 2007 057 168 054 0,32 2.50 L
Talelli et al, 2007 (iTBS) 06 015 227 i0.09 2 =
Talelli et al, 2007 (cTBS) 013 100 1.286 i0.82 2.4 i
Mowak et al, 2008 0.88 013 163 i0.02 —a—1—
Dafotakis at al, 2008 072 011 154 i0.09 i
Takeuchi et al, 2008 1.03 01Q 1897 0.0 3. =
Khedr et al, 2008 (1 Hz) 070 -012 1.53 4. 55 =
Khedr et al, 2009 (3 Hz) 0es 015 1.50 4. 57 i
Ameli et al, 2008 (cortical) 006 082 071 5.23 i
Ameli et al, 2000 (subcortical) 042 028 1, 6.3 8
Khedr et al, 2010 (3 Hz) 085 012 1. 4.52 =
Khedr et al, 2010 (10 Hz) o&ar =012 4.95 L
Ernara et al, 2010 (1Hz) 0.69 . 7.60 i
Emnara et al, 2010 (5 Hz) 0.32 7.85 -1
{Chang et al, 2010 513 i
Ackerley et al. 2010 (iTBS) 3.89 -
Ackerley et al. 2010 (¢TBS) 383 -
Theilig et al, 2011 4.83 r
{Fixed effects model) . 2
250 -1.25 0.00 1.25 2 50
MNeqgative effect Positive effect

Mea

Hsu 2012 Stroke

effect size of 0.55 in one recent meta-analysis



How about parallel-group studies?

400 ‘

100%
= w
= o
= g 200 -
£ 5
=] [1]
E = 75%
— E 200 -
ﬁ‘ =
S 3
.ﬂ_ﬂ,g
-E " 100 -
@ = 50%
It
0
ET
-100 ke 25%,

# Subjects, studies w/o
significant differences

% *
; @
v Migraine Motor tDCS  Motor rTMS fphasia Pain tO:CS Parkinsons Pain riMS Tinnitus
Q Indication

-30)

Shafi et al, in preparation



Effects of parameters

O

Supplementary table 1: Summary of the subgrouped meaneffekt sizes

SUPPLEMENTAL TABLES

Effect size &95% CI p-value
Subgrouped by frequency O
Low 0.69 % 0.42-0.95 <0.001
High 0. 0.14-0.68 0.003
Subgrouped by post stroke duration
Acute 79 0.42-1.16 <0.001
Subacute % 0.63 0.18-1.08 0.006
Chronic % 0.66 0.31-1.00 <0.001
Subgrouped by lesion®
Non-specified %% 0.45 0.23-0.67 | <0.001
0.73 0.44-1.02 <0.001

Subcortical ?

Hsu 2012, Stroke




Does benefit actually exist? C)Q

4

Open questions

— Multi-center study of “inhibitory” contralesional navigated
rTMS currently underway (NICHEA(kaI)

Optimal type of stimulation O

— High-frequency ipsilesional%w-frequency
contralesional vs both?

— Acute, subacute or

Combining brain gtimulation with physical therapy
beneficial? Ti :
Current mul nter RCT completed

— No bene
rel g%

idl result of contralesional 1 Hz stimulation



rTMS for aphasia <\

* Trials have focused on primarily the rig ispheric
analog of Broca’s area (pars triangulafis

— MRI neuronavigation is critical! Stiﬂtion of nearby pars
opercularis has no benefit, and I@ worsening on some

measures (Naeser 2011 Brain % g).

 Beneficial effects on

100%
naming and language
only seen in trials with
MRI- neuronawgatlo
but absent in 2/3

l I 75%
with shmulat@ sed ﬁ
on scalp/E
NS
COO rd I n Q SIEhe Epilepsy Migraine MotortDCS  Maotor FTMS Aphasia Pain tDCS Parkinsons Pain rTMS Tinnitus
Indication

Shafi et al, in preparation

ith
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‘
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- b
2 =

significa
g s
m

* * %
O = (.

# Subjects, studies w/o
significant differences
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Visuospatial neglec

e Studies again based on framewori@
pathophysiologic interhemise{ ic’balance
I

e Most studies to date have d continuous
theta burst stimulation contralesional left
posterior parietal cor@

Table 6
rTMS (cTBS) studies in hemispatial neglect (target: left posterior parietal cortex).

Articles Number of patients Target, dition Stimulation frequency Number of pulses/session Results Class of
coil type and intensity and number of sessions the study
Nyffeler et al. (2009) 11 (12-1080 days after stroke) P3, G cTBS, 100% RMT 2-4 cTBS trains, 1 session Improvement in a visuospatial task for 8 h after 1
two TBS trains and for 32 h after 4 TBS trains
Cazzoli et al. (2012) 24 (mean 27 days after stroke) P3, coll cTBS, 100% RMT 4 cTBS trains, 2 sessions Improvement (37%) on various tasks and scales 1
for at least 3 weeks after the stimulation
Koch et al. (2012) 20(24-102 days after stroke) 3 Fac m coil cTBS, 80% AMT 2 CTBS mrains, 10 sessions Improvement (23%) in the Behavioral Attention 1
(active: 10, control: 10) Test at 1 month after the simulatdon
Recommendation: possible effect of cTBS of the trales eft terior parietal cortex in hemispatial neglect (Level C)

Lefaucheur 2014 Clin Neurophys

Q\/



Improvement in neglect and-ADLs

Left targets 2
9 *
8 : i 1.5 —
o | —

Post cTBS Fost Sham Week 3

Mean CBS score

Mo of omitted target
= n
a._

o

Mo of omitled tamgets

5 1 :
{,.-i.

Post Sham PostcTBE

&
1
Post Sham Post cTBS Week 3 Week 4

e cTBS to left PPC ved detection of left-sided targets
and act|V|t Ily living in one class Il trial (Cazzoli
2012 Bra/n

e Benefi ained at least two weeks in another class Ill
trial (Kosh 2012 Neurology)



Alzheimer’s 4

e Early crossover studies: improvement i ing after
HF-rTMS of either L or R DLPFC (Cotelli 6 Arch

Neurol, Cotelli 2008 Eur J Neurol)&

* Recent class Ill randomized tr'IateraI HF but not LF
rTMS improved cognition ( on MMSE), ADLs and

depression scores in pts mild-moderate (but not
severe) dementia (A 012 J Neurol)

p=0.04 p=0.05

e Rabey 2012 J Neur@msm:
Small pilot study@nulti—site HF

241
stimulation | bination with & . | .
cognitive trafing. A follow-up 5
6w 4.5M
|a un Ch ed . Treatment duration

muIti-sQ |




4
X

*One open-label trial and two small double—bl@rials of TMS +
cognitive exercises, all showing a benefit &he ADAS-cog.

*Protocol involves 2s of high frequenc to any of 6 brain regions
(L+R DLPFC, L+R Parietal, Broca’s a icke’s area) followed by
30s of cognitive exercise with téen ging that target

@Q’Q
Q/?‘
Q\/

TMS for AD



ADAS-cog score change

Mean change in ADAS-cog score

-10

-15

-10

BIDMC Neuronix Trial (n=1 4

= AD sham training

= AD real training @

Q\/

MMSE score

30

28

26

24

22

20

-~ AD real training
-~ AD sham training

Pre Post real/sham



Movement disorder 4

e Trials have evaluated efficacy of rTMS t

bilateral M1, DLPFC, SMA and cereb

u

teral M1,

Table 3
rTMS studies in motor symptoms of Parkinson's disease (target: {pre)motor cortex L
Articles Number of patients  Target coil type Control condition Stimulation
frequency and
intensity
LF rTMS of M1 (unilateral stimulation of hand representation )
Sommer et al. (2002a) 1 M1, EBe Tilted enil 1 Hz, 1208 RJ
Lefaucheur et al. (2004c) 12 M1, Fie Sham coil 0.5 Hz, 80% R
Rothkegel et al. (2009) 22 M1, Fic Tilted enil BiE
Filipovit et al. (2010b) 10 M1, Fic Sham coil 1
No recommendation for the antiparkinsonian effect of LF rTMS of hand representation in M1
HF fTMS of M1 {undateral stimulation of hand representation)
Siebner et al. {199%9a) 12 M1, Fic Tilted enil Hz, 90% RMT
Siebner et al. {2000b) 10 M1, Fic Tilted coil Hz, 90% RMT
Lefaucheur et al. (2004c) 12 M1, Fie Sham coil 0 Hz, 80% RMT
Rothkegel et al. {2009) 22 M1, Fic T 10 Hz, 808 RMT

No recommendation for the antiparkinsonian effect of HF rTMS of hand repre
HF rTMS of M1 {bilateral stimuwlation of hand and/or leg representation)

Khedr et al. (2003) 36 (active: 19; Bilateral M1 (upper + lower
control: 17) limbs ), Fic

Khedr et al. (2006) 20 (active: 10; Bilateral M1 {up Oecipital stimulation
control: 10} limbs ), F8c

Khedr et al. (2006) 45 (active: 35; ipital stimulation
control: 10)

Gonzdlez-Garcid et al. 17 (active: 10; Occipital stimulation

(2011} control: 7)

Benninger et al. (2012) 26 (active: 13; Sham coil
control: 13)

Maruo et al. (2013) 21 Sham coil combined with

Recommendation: possible anti
HE rTMS of the SMA

Boylan et al. (2001) Bilateral SMA, F8c Tilted coil

Hamada et al. (2008b, Bilateral SMA, Fic Sham coil
2009h)

Shirota et al. (20 Bilateral SMA, Fic Sham coil

No recommenda tiol r the antiparkinsonian effect of HF rTMS of the SMA

electrical skin stimulation

5 Hz, 1208 RMT

10 Hz, 100% RMT

25Hz, 100% RMT

25Hz, 808 RMT

50 Hz, 8% AMT

10 Hz, 100% RMT

10Hz, 110% RMT

5 Hz, 1108 AMT

10 Hz, 1106 AMT

Class of the
study

. 1 session
E, 1 session

GO0 pulses, 1 session
1800 pulses, 4 sessions

750 pulses, 1 session
2250 pulses, 1 session
2000 pulses, 1 session

2000 pulses, 1 session

2000 pulses, 10 sessions
3000 pulses, b sessions
3000 pulses, b sessions
1000 pulses, 15 sessions
GO0 pulses, 8 sessions

104M) pulses, 3 sessions

2000 pulses, 1 session
1000 pulses, 8 sessions

104M) pulses, 8 sessions

Redudtion of movement t me

Improvement of UPDRS-11I motor score {208,
with bilateral red uction of rigidity) and
restoration of intracortical inhibition

Mo clinical effec

Mo change in UPDRS-I1 motor score in either
ON or OFF phase

Reduction of movement  me

Improvement of UPDRS-1I motor score (29%)
Improvement of UPDRS-11I motor score (17%)
and restoration of intracortical facilitation
No clinical effea

Improvement of UPDRS-1I motor score (49%)
and walking velocity
Improvement of UPDRS-11I motor score (15%)

Improvement of UPDRS-1I motor score {=45%),
walking velocity, and manual dexteriny
Improvement of UPDRS-11 motor score {19%)
and especially braflykinesia

MNo motor improvement, but cortical silent
period lengthening

Improvement of UPDRS-1I motor score {19%),
pain, walking test, and finger tapping; no
change in depression: repeated sessions no
more effective than a single session

Increased reaction tdme and writing
deterioration

Improvement of UPDRS-1I motor score {205,
mainly on akinesia)

Mo significant change: only transient motor
improvement similar for adtive and control
conditions

1l
1l

1l
Ll

1
1l
1

1

1

1

1

Ll

1

Ll

Lefaucheur 2014 Clin Neurophys



# Subjects, studies with

# Subjects, studies w/o

ificant differences

w

51

significant differences

400

300

200

100

-100

-200

-300

Parallel-group studie

*
| % .
* %k
* %k
“:;E::” :
Epileps igraine Motor tDCS  Motor rTMS Aphasia Pain tDCS Parkinsons Pain rTMS Tinnitus
V Indication

100%

75%

50%

25%

NS

Shafi et al, in preparation



Overall summary of res

Motor UPDRS scores can be improved b@ % with HF
rTMS to bilateral M1, although Class %udies only.
More recent Class | study run herg{showed about 15%

iImprovement in UPDRS

Larger improvements tend ﬁ@een during OFF rather
than ON states

Higher quality eviden& stimulation of SMA, where
two trials have shown“eéneficial effects (but with
smaller magnit benefit than is seen in M1)
Stimulation ﬁites not effective for motor UPDRS

Depressi y be improved with DLPFC stimulation,
dyskiné'as ay improve with cerebellar stimulation



Chronic pain <\

Attempt to normalize dysregulateo()Q
corticothalamic pain networks

Largest crossover study in 6 tients showed
rTMS reduced pain by 22 a VAS scale (vs 8%
in sham).

Studies suggest im ment from HF but not LF
stimulation, tar@ of M1 but not other

regions.

Beneficial r se to rTMS may correlate with
subsequ ositive outcome of implanted

epid@vlmulator over M1




All pain trials

Table 1
rTMS studies in chronic newropathic pain (target: primary motor cortex).
Articles Number of  Target coil Control condition Stimiilaton Number of pulses/session  Results Class
patients type frequency and and number of sessions of the
intensity study

LF rTMS of M1 contralateral to pain side

Lefaucheur et al. (2001a) 18 M1, F8c Sham coil 0.5 Hz, B0% RMT 1000 pulses, 1 session MNonSEignificant pai (4% responders ) 1

André-Obadia et al. (2006) 12 M1, Fc Tiltzd coil 1 Hz, 90% RMT 1600 pulses, 1 session Mo ignificant relief (0% responders) i

Irlbacher et al. {2006) 27 (acive: M1, F8c Sham coil (2 Hz) 1 Hz, 95% RMT 500 pulses, 5 sessions No relief (6% responders) 1

20;
control:
18)

Lefaucheur et al. (2006a) 22 M1, Fic Sham coil 1 Hz, 90% RMT 1200 pulses, 1 Non-significant pain relief (14% responders) I

Saitoh et al. (2007) 13 M1, F8c Tilted coil 1 Hz, 90% EMT Mon-significant pain relief (unknown % responders) 1l

Lefauche ur et al. {2008b) 46 M1, F8c Sham coil 1 Hz, 90% RMT n-significant pain relief (9% responders) 1

Recommendation: LF fTMS of M1 contralateral to pain side is probably ineffective in neuropathic pain (Level B)

HF fTMS of M1 contralateral to pain side

Lefaucheur et al. (2001a) 18 M1, F8c Sham coil 10 Hz, 80% RMT Significant pain reliel (39% responders) 1

Lefaucheur et al. {2001b) 14 M1, Fac Sham coil 10 Hz, 80% RMT Significant pain relief (57% responders) 1l

Lefaucheur et al. {2004b) B0 M1, F8c Sham coil 10 Hz, 80% RMT Significant pain reliel (37% responders and 23% 1

improvement)

Khedr et al. (2005b) 48 (active: M1, F8c Tilted coil Significant pain reliel (79% responders) I

28;
control:
20)

André-Obadia et al. {2006) 12 M1, F8c Tilted coil pulses, 1 session n-significant pain relief (36% responders and 11% 1

improvement)

Hirayama et al. {2006) 20 M1, Fic Tilted coil 500 pulses, 1 session Significant pain relief (506 responders) I

Irlbacher et al. {2006) 27 (active: M1, F8c Sham coil (2 Hz) 500 pulses, 5 sessions MNon-significant pain relief (7% responders ) 1

149;
control:
18)

Lefaucheur et al. (2006a) a2 M1, F8c Sham coil . 905 RMT 1200 pulses, 1 session Significant pain reliel (55% responders) 1

Saitoh et al. (2007) 13 M1, F8c Tilted coil 0 Hz, 90% RMT 500 pulses, 1 session Significant pain relief (50% responders) 1

André-Obadia et al. (2008) 28 M1, Fic Sham coil Hz, 90% RMT 1600 pulses, 1 session Significant pain relief only with posteroanterior orientation 1l

of the coll (13% improvement)

Lefaucheur et al. {2008b) 46 M1, F8c Sham 10 Hz, 90% RMT 1200 pulses, 1 session Significant pain reliel (43% responders) 1

Kang et al. (2009) 11 (spinal M1, F8c Tilted 10 Hz, 80% RMT 1000 pulses, 5 sessions MNon-significant pain relief (14% improvement ) 1l

cord
injury)
Ahmed et al, (2011) 27 (active: M1, F8c ilted coi 20 Hz, 80% RMT 2000 pulses, 5 sessions Significant pain reliel (up to 2 months after rIMS) 1
17;
control
10)

André-Obadia et al. (2011) 45 M1, 20 Hz, 90% RMT 1600 pulses, 1 session Significant pain reliel (10% improvement) 1

Lefaucheur et al. (2011b) 59 M1, coil 10 Hz, 90% RMT 2000 pulses, 1 session Significant pain relief (36% responders and 22% improvement 1l

for “active-sham™ condition)

Hosomi et al. (2013) 64 M1, Active coil placed over inacive 5 Hz, 90% EMT 500 pulses, 10 sessions Significant short-term pain relief (20% responders and 4% I
coll combined with electrical improvement for “active-sham” condition), but no significant
scalp stimulation cumulative improve ment

Jerwd et al, (2013) Sham coil 10 Hz, 90% RMT 2000 pulses, 1 session Significant pain relief for hand or leg area stimulation for 48 b 1

(hand area), 110% {about 15% improvement )
RMT (leg area)
Andrié-Obadia et al. (2004} Sham coil 20 Hz, 90% RMT 1600 pulses, 1 session Significant pain reliel (15% improvement), predicd ve of 1
subsequent positive outcome of implanted chronic motor
coriex stimul ation
Recommendatio analgesi€ effect of HF rTMS of M1 contralateral to pain side in neuropathic pain {Level A)

Lefaucheur 2014 Clin Neurophys



Parallel-group RCTs have varia esults

o,

* %

= O 100%
i —
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= g 300 + O
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Epilep aine Motor tDCS  Motoer rTMS Aphasia Pain tD{CS Parkinsons Pain rTM5 Tinnitus
QV Indication

And effect sizes are generally small ...

# Subjects, studies w/o
significant differences

Shafi et al, in preparation



Tinnitus d
* The phantom perception of sound ®1oise in the
absence of an acoustic stimulus
— fMRI/PET studies have demo éﬁted alterations in
both the auditory system ( E@amporoparietal ctx)
and non-auditory regionssimslimbic and frontal areas
 |nitial single-session @ies suggested at least

transient decreas Innitus, but all poor
quality studies s 1)

e Subsequen r%)tl-session studies, especially
weII-desQ{ parallel group ones, have reported
re

less im? ive results



Repeated sessions
Kleinjung et al. (2005)

Rossi et al. (2007a)

Khedr et al. (2008,
2009¢)

Anders et al. (2010)

Marcondes et al. (2010)

Mennemeier et al.
(2011)

Piccirillo et al. (2011)

Chung et al. (2012)

Plewnia et al. (2012)

Hoekstra et al. (2013)

Lee et al. (2013)
Piccirillo et al. (2013)

Billici et al. (2014)

Langguth et al. (2014)

Recommendation: possible e

Multi session tinnitus tri

14

66 (active: 16,17,17;

control: 16)
42 (active: 22;
control: 20)
19 (active: 10;

control: 9)

21

14
22 (active: 12;
control: 10)

48 (active: 16,16;
control: 16)

50 {active: 25;
control: 25)

15
14
75 (active 30, 15;

control 30)

185 (active:

47,48 ,46; control:

0
corti
systam )

pe. 0]

44)

Auditory cortex activation area in PET, F8c
(FDG-PET-guided navigation)

Left TPC, F8c (navigation and 10-20 EEG
system)

Left TPC, F8c (10-20 EEG system)

Auditory cortex, F8c (10-20 EEG system)

Left superior temporal cortex, F8c (10-20 EEG
system)

Auditory cortex activation area in PET, F8c

(FDG-PET-guided navigation)

Left TPC, F8c (navigation and 10-20 EEG
system)
Left auditory cortex, F8c (navigation)

Bilateral temporal cortex or TPC, F8c

Bilateral primary auditory
(navigation)

ex,

Left temporal cort ystem)
Left temporoparieta

Left TPC, C

ral cortex, left temporal
ned left temporal + prefrontal
(navigation and 10-20 EEG

C

Sham coil

Tilted coil
combined with
electrical skin
stimulation
Stimulation of
non-auditory
cortical areas
Tilted coil

Sham coil

Sham coil
combined with
electrical skin

stimulatig

Sham coil

Tilted coil

Sham coil

Sham coil

Sham coil

1Hz, 110% RMT

1Hz, 120% RMT

1/10/25 Hz, 100%

RMT
1Hz, 110

1Hz, 1

z, 1 RMT

1Hz, 110% RMT
cTBS, 80% RMT

cTBS, 80% RMT

1 Hz, 110% RMT

1 Hz, 100% RMT

1 Hz, 110% RMT

1/10 Hz, 110% RMT

1 Hz (temporal
cortex), 20 Hz

(prefrontal cortex),

110% RMT

2000 pulses, 5
sessions
1200 pulsgs, 5|
sessions

essions
020 pulses, 5
sessions

1800 pulses, 5
sessions

1500 pulses, 10
sessions

900 pulses, 10
sessions

900 pulses, 20
sessions

4000 pulses
(2000 left, 2000
right), 5 sessions
1200 pulses, 10
sessions

1500 pulses, 20
sessions

900 pulses

(1 Hz) or 60O
pulses (10 Hz),
10 sessions
2000 or 4000
pulses, 10
sessions

itus reduction (prolonged effect up to

tinnitus reduction (no prolonged effect)

Significant tinnitus reduction for all active conditions
(prolonged effect up to 12 months); less efficacious for
tinnitus with longer duration

Significant tinnitus reduction (not initially, but at 3-6
months after the stimulation)

Significant tinnitus reduction (prolonged effect up to
6 months); effect correlated to a reduced activity of
inferior temporal cortices in SPECT

Significant tinnitus reduction (43% responders, 33%
improvement); no correlation with activity changes in
PET

Mon-significant tinnitus reduction
Significant tinnitus reduction; more efficacious on

emotional component of tinnitus
Non-significant tinnitus reduction

Non-significant tinnitus reduction

Significant tinnitus reduction, negatively correlated to
the duration of tinnitus
Non-significant tinnitus reduction

Significant tinnitus reduction for all active conditions,
less pronounced in combination with paroxetine

Significant tinnitus reduction for all 3 active conditions,

but no statistical significant difference in comparison to
sham; better effects on a descriptive level for combined
frontal and temporal rTMS

ns of LF rTMS of the TPPC (on the left hemisphere or contralateral to the affected ear) in tinnitus (Level C)

Lefaucheur 2014 Clin Neurophys



Results in parallel-group not im sive

# Subjects, studies with

# Subjects, studies w/o

significant differences

significant differences

Indication

-300
W Migraine MotortDCS  Moboer rTMS Aphasia

. 100%
300 |
T75%
200 |
100 +
44 50%
0 :
-100 25%
-200 v
2 .

Pain tD{S Parkinsons Pain rTM5 Tinnitus

Shafi et al, in preparation



20 30 40 50 60

Percent Improvement (NIBS — Sham)
10

0

The Lesson from Tinnit{éﬂ.

« Known neural targ(@ IS
hyperactive

e Target can berreached with TMS
e Yet...Tnal te have been

negativ

. Pos&asons:
- |limBic¢/involvement, like central pain?
-@@ateral treatments necessary?
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Conclusions 2{

e Currently, TMS is FDA approved f or/
language mapping, and for abortive treatment of

migraine
e Early studies suggest tha&g metrics may have

an important role as nostic and prognostic
biomarkers in a nu@ of disease states

e rTMS shows p @e as a therapeutic modality in
a number @ase states, although well-
designe ti-center parallel-group randomized

trials@v cessary
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