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Faraday’s Law

¢ = induced voltage

A® = change in magnetic flux
At = change in time

N = number of loops
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Stimulation location, Stimulation Penetration
focality, & orientation Depth

Penetration
(i.e., current density along evaluation line)
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Wagner et al., 2009. Cortex.
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Brain Stimulation and Neuromodulation{Z(.
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What i1s rTMS?
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How Does rTMS Work?

MAGMNETIC COIL
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Huerta P et al. J NeuroEng & Rehab, 2009
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Temporal and Spatial Resolution of TMS

TMS and fMRI

Induced movements Voluntary movements
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Microstimulation ( '. TMS coil

Millisecond —- '

Column Layer Cell Synapse Molecule

Spatial resolution
(log scale) .
! Courtesy Nexstim Ltd

magnetic artifacts
Vincent Walsh & Alan Cowey, 2000 —
Nature Reviews | Neuroscience




Brain Stimulation and Neuromodulation(d.
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VISIBILITY Hype cycle of rTMS technology

Trough of Disillusionment

Technology Trigger
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Benefits of rTMS In Major Depression

O'Reardon, 2007: Multi-Site, Randomized Control
Trial of rTMS for Major Depression
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N =301 Participants

Patients had 1 rTMS treatment a day for 4-6 wks

on, 2007: Fast rTMS in Depression

Sham

- W Active

Responders { %)

0.07 ﬂ

Sham Active

N =28 Participants
Patients had 3 rTMS treatments a week (4-6 wks)
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Milev et al., 2016. Can J Psychiatry
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Side Effects of rTMS

LIFLIERonEI1ER:
RIBER L DT . RIBKZHFOBRER - EEE D AR INME . B87@

EE(CFRTRIER:
B FAE (0.1%K i) . B iREn

DRUG THERAPY ; TMS THERAPY

Insomnia @ Scalp

Blurred S Discomfort

Vision

Sexual
ysfunction
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Figure 3. Forest Plot Showing the Network Relative Odds Ratios (ORs) With Their 95% Cls and Predictive Intervals (Prl)

E] Remission

Active Device OR (95% CI)
sTMS 0.85(0.22-3.35)

aTMs 1.00 (0.02-62.31) (0.
dTMS 2.45(0.74-8.07) (0.4

LF-rTMS 2.70(1.51-4.82)

HF-rTMS 2.73 (1.78-4.20) (0.

1BS 3.37 (0.52-22.05) (0.37
Bilateral rTMS  4.22 (1.96-9.05) (1.1
pTMS 4.37(1.10-17.47) (0.74-2

Response

Active Device OR(95%Cl)
sTMS 1.08 (0.34-3.49)
dTMS 1.49(0.50-4.47)
aTMS 2.25(0.14-35.03)
- LF-rTMS 2.37 (1.52-3.68)
H TBS 2.54 (1.07-6.05)
HF-rTMS 3.07 (2.24-4.21) (1.12
- Bilateral rTMS  3.96 (2.37-6.60)
pTMS 4.66 (1.70-12.77) (1

0.01 0.1 1.0 10 100 0.1 1.0
OR (95% CI) (9 OR (95% CI)

aTMS indicates accelerated TMS; dTMS, “deep” (H-coil) TMS; HF, high frequency; LF, low frequency; pTMS, priming TMS; sTMS, synchronized TMS; TBS, 6-burst

stimulation.

(Brunoni et al., 2017. JAMA Psychiatry)
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Should We Expand the Toolbox of Psychiatric Treatment Methods
to Include Repetitive Transcranial Magnetic Stimulation (rTMS)?
A Meta-Analysis of the Efficacy of ¥TMS in Psyvchiatric Disorders

Christina W. Slotema, MD; Jan Dirk Blom, MD, PhD;
Hans W. Hoek, MD, PhD); and Iris E. C. Sommer, MD, PhD

Figure 1. rTMS for Depression, Results of the Meta-Analysis Figure 2. Meta-Analysis of rTMS Versus ECT in the Treatment of Depression
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Comparative efficacy and acceptability of electroconvulsive therapy \!)CmssMark
versus repetitive transcranial magnetic stimulation for major
depression: A systematic review and multiple-treatments

meta-analysis

Jian-jun Chen®"%%¢ Li-bo Zhao®', Yi-yun Liu®"%¢, Song-hua Fan®"%¢ Peng Xie *-¢&*

Rankings for Efficacy and Acceptability
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Chen et al., 2017. Behav Brain Res.
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iao - IETEVGEIE SR @ 3 Non-surgical brain stimulation glcal brain
Comparative efficacy and acceptability for the acute

treatment of major depressive episodes in adults lSSi\I}"e e piSOdes

66 Summary : The findings provide evidence to consider non-surgical brain alySIS
‘ stimulation techniques as alternative or add-on treatments

. 5,6
. _ ithia HY Fu,”
a Data High — g, Low Adults with major
sources depressive disorder
or bipolar depression

Discontinuation

ih Results :
— Odds ratio and 95% Cl ————
Active vs sham treatment comparisons 0.1 1 10 100 00101 1 10 100

Overall risk of bias: Unclear

Bitemporal

High dose right unilateral Low
Bifrontal Scores
Low-moderate dose right unilateral

Priming

Bilateral repetitive

Low frequency repetitive (right)

High frequency repetitive (left)

Synchronised

Accelerated

Deep

High frequency repetitive (right)

Low frequency repetitive (eft)

Bilateral

Intermittent

Continuous

Magnetic seizure therapy
Transcranial direct current stimulation

Read the full article online: & http://bit.ly/BM)stim




Forest plot of active versus sham treatment comparisons
for response rates
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Forest plot of active versus sham treatment comparisons
for all cause discontinuation rates
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Level A recommendation (definite efficacy)
1) PR LB DO MR D KA AIM1IZ I 2B ETMSIZL A EED R,
2) BB S AIRTEERTEF I S ErTMSIZ&R S5 2R,

Level B recommendation (probable efficacy)
1) B ESMARIEBERTEFIC X 9 BB ETMSIZ R D515 2% R,
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Terranova et al., 2019. Front Neurol.
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Effectiveness of the prefrontal repetitive transcranial magnetic stimulation N

Chack for

on cognitive profiles in depression, schizophrenia, and Alzheimer's disease: | %
A systematic review

Takashi limori®, Shinichiro Nakajima®*, Takahiro Miyazaki®, Ryosuke Tarumi”, Kamiyu Ogyu”,

Masataka Wada®, Sakiko Tsugawa®, Fumi Masuda®, Zafiris J. Daskalakis”, Daniel M. Blumbergcrd,
. b o b,

Masaru Mimura , Yoshihiro Noda

* Kelo University School of Medicine, Tokyo, Japan

® Department of Neuropsychiairy, Keio University School of Medicine, Tokyo, Japan

“Multimodal Imaging Group, Centre for Addiction and Mental Health, Department of Psychiatry, University of Toronto, Toronto, Canada

 Temerty Centre for Therapeutic Brain Intervention, Centre for Addiction and Mental Health and Department of Psychiatry, University of Toronto, Toronto, Canada

effects was found in these included rTMS studies. Although the heterogeneity between studies in terms of
cognitive measures applied, stimulation parameters, and participants limits the ability to generalize conclusions,
this review demonstrated that prefrontal rTMS could exert procognitive effects on executive function and at-
tention in some patients with depression but _inconsistent cognitive impacts in_any of the examined domains
especially in patients with schizophrenia and Alzheimer's disease. The results warrant further rTMS studies that
include systematic assessment of cognition across various neuropsychiafric diseases.
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Efficacy of theta burst stimulation (TBS) for major depression: An
exploratory meta-analysis of randomized and sham-controlled trials

Marcelo T. Berlim * ™, Alexander McGirr ¢, Nicole Rodrigues dos Santos ?,
Sara Tremblay * ¢, Ruben Martins °

Meta-analysis of Active vs. Sham TBS for MD: pre-post HAM-D scores

Study name Statistics for each stu ample size Hedges's g and 95% Cl
Hedges's Standard Lower Upper e o
g error  Variance limit  limit Z-Value p-Value Favors sham Favors TBS
Duprat et al, 2016 0.473 0.292 0085 -0099 1044 1.621 0.105
Chistyakov et al, 2015 0.654 0.371 0.138 -0.074 1.382 1.762 0.078
Prasser et al, 2015 0.410 0.322 0103 -0220 1.040 1.275 0.202

Li et a, 2015_unilat 0.386 0.313 0098 0229 1.000 1.231 0.218
Li et a, 2015 bilat 1.616 0.412 0170 0809 2424 3.923 0.000
Plewnia et al, 2014 3.058 0.515 0265 2049 4.066 5941 0.000

1.025 0.345 0119 0349 1702 2.970 0.003

HAM-DRa7Z 7 JhALICLI=EE . D DRICH T HTBSAME (EDLPFCIZx 9 4iTBS Yoy {il
DLPFCIZXt9 5 EHEi TBS+cTBS) [X, ShamBE LR FELWEEZ L= &M p o=,

LOLERS, BKAFTFYORATIL, ShamBELTBSABEICE TA50FEDIREDENAHY., &
HICERRICEVTE.. MBTHEEREENREHING N o=, TD 5. SRIE. ShamBE(FTEHS
Active LB B (RAH —FHF-, LF-rTMS) 4 T H AV [T A RAATE., SHICKELY U TILF AKX
[CLDBIERTBSERRABRNLETH S, LERFTTTLS,
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DEEBEICEALT. HAM-DRAO7 DAEERZDEIL. RIGE, Bff
R RPRERTIBEZICAIFEFTLI-,
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Effectiveness of theta burst versus high-frequency repetitive
transcranial magnetic stimulation in patients with depression
(THREE-D): a randomised non-inferiority trial

Research in context

Evidence before this study

We searched PubMed from Jan 1, 1996, to Dec 7, 2017, with the
search terms: “depression”, “transcranial magnetic stimulation”,
and “theta burst stimulation”. We restricted the search to reviews
and clinical trials in English. Systematic reviews and depression
guidelines have recognised repetitive transcranial magnetic
stimulation (rTMS) as an evidence-based treatment for patients
who have not responded to a minimum of one adequate
antidepressant treatment trial. In 2015, the UK National Institute
for Health and Care Excellence recommended rTMS as a
treatment for depression. Additionally, the US Agency for
Healthcare Research and Quality published a meta-analysis that
found a mean reduction in Hamilton Rating Scale for Depression
(HRSD-17) score of 4-53 points (95% Cl-6-11to -2-96) in patients
treated with rTMS compared with sham treatment. The form of
rTMS with the most supporting evidence is a high-frequency

(10 Hz) protocol, in which rTMS is delivered to the left
dorsolateral prefrontal cortex over 37-5 min. Broad access to
rTMS treatment has been partly limited by the number of
patients who can be treated with existing protocols. A newer
form of rTMS, theta burst stimulation (TBS), can be delivered ina
similar excitatory protocol to the standard 10 Hz protocol.

A treatment of excitatory intermittent TBS (iTBS) can be

(Blumberger, Noda, et al., 2018. Lancet)

delivered in slightly more than 3 min. Several small trials and two
meta-analyses have suggested that iTBS can be efficacious in
treating depression.

Added value of this study

To our knowledge, this is the largest trial of brain stimulation
ever done and is the first adequately powered non-inferiority
trial to compare the effectiveness of iTBS with that of the
standard 10 Hz treatment. Our data robustly show that iTBS
is non-inferior in reducing depressive symptoms, increasing
response (indicated by a 50% reduction in HRSD-17 score),
and achieving remission of symptoms (indicated by an
HRSD-17 score of less than 8), with very similar tolerability
and safety profiles between the two treatments.

Implications of all the available evidence

Excitatory rTMS can be delivered to the left dorsolateral prefrontal
cortex by use of an iTBS protocol with no reduction in clinical
effectiveness for major depressive disorder, compared with
standard 10 Hz rTMS treatment. A course of treatment requires
daily attendance on weekdays for 4 to 6 weeks; however,
treatment sessions can now be completed in just over 3 min. The
ability to deliver effective treatment efficiently could increase the
treatment capacity of clinics offering rTMS.




501 patients assessed for eligibility

87 excluded

75did not meet inclusion criteria
12 declined to participate

Y

414 randomly assigned to groups

s

205 allocated to receive 10 Hz rTMS
204 received allocated intervention
1withdrawal before treatment

200 allocated to receive iTBS
208 received allocated intervention
1withdrawal before treatment

12 discontinued treatment
4 non-compliance
7 withdrawals
1 myocardial infarction

Y

15 discontinued treatment
& non-compliance
& withdrawals
1 psychiatric treatment
1withdrawal by investigator
because of agitation
lincreased svicidal ideation

Estimated adjusted difference in score

QID5-5R
IDS-30
HRSD-17 at treatment end
HRSD-17 1 week after treatment
HRSD-17 4 weeks after treatment
HRSD-17 12 weeks after treatment
HRSD-17 at treatment end*

f

| T
5 4 3

e —
ITBS superiority 10 Hz rTM5 superiority

Figure 2: Estimated adjusted differences in depression scores from baseline
to the end of treatment, comparing 10 Hz rTMS5 treatment and iTBS
treatment

Y

192 completed 4 weeks of treatment and were
included in the primary anakysis

3 completed 4 weeks of treatment and were
included in the primary analysis

15 exccluded from sensitivity analysis
1 failed electrocomvulsive therapy
10 administered anticormsulsant
4 with excess benzodiazepine

¥

9 excluded from sensitivity analysis
1 bipolar diagnasis
§ administered anticomrulsant
3 with excess benzodiazepine

h

177 included in the sensitivity analysis

184 included in the sensitivity analysis

-

-

169 followed up for 1week after treatment
150 followed up for 4 weeks after treatmeant
135 followed up for 12 weeks after treatment

176 followed up for 1 week after treatment
147 followed up for 4 weeks after treatment
129 followed up for 12 weeks after treatment

Conditions
—8— 10 Hz rTM5
—8—IiTB5

HRSD-17 score

10
Baseline Week 1 Week 2 Wetk 3 Week 4 Wedk 5 Treatment  1week after
end treatment
Visit

Figure 3: Change in HRSD-17 scores over time, comparing the 10 Hz rTMS and iTB5 treatment groups
Data are mean scores with lower and upper 90% Cls.




HEEDFDAK D ESHAELA-TMSEEIOr LTIV AV HEY
3759 B—AH. FIIROTBS;EETARILIX1yiarHi-Y3H T
T95, LENA>T AEELHBREORBMVEHEIIEAENADRET
RKELIEWNVDH D, AENEBES IV BEECAEFRODOAVATAIREE
BT HLETBSOALMARESEMILEN AT ETHAEL IS,

ZI T ODRITH T HTBSABEN v LARIBMELERBERATHSHI LT E
SLAREEMEERNSH RSN TNV A, TBSAELEMEEDTMSEED
ERAMEDE-T2HE-EAEE) IOV THERRIEL T SERAEN
IEM>T=T=8 . theta burst versus high—frequency repetitive transcranial
magnetic stimulation in patients with depression (THREE-D)Z ==L 1=,

KERMEL, h T T OFEMAEHBEICTZERBIEAIELS ERAERE
LTEESNT-, HERE(T18-65m C/ABEEMMESI DREEFEH IV IIRIE
2IBFELL EOIS DEICHAMEERLI-EEZTINIRRELY | I5I245E R LL
FTRELERSOFEARELXZZIT.HAM-D17TRAF7IZTI8E U EEZRT &
EHhfAANLNT-,

34



HERE X E RIS SMBIATEERTEF 2% 9 D 10Hz—r TMSEEI RRITBS AV : 1T
MAEAIZE|Y Y TSN, 5120-30E D TMSHT AZIT o=, HBHERE(CXLT
BERABRIIA—ToINILTHLIN, IRBEF@MEBIHLTITTSAUR
MEHEC, TEMIER IFHAM-D17Ra7DLE{LéL. IELMEMEET
Bl A=-0mMEBEYT—UIF225m &L 1=,

$EER . 205 AV TOHZ—rTMSEE, 209 A DB RBITBSEEIZEIY F 50, &
REIIZFNFN192A094%). 193 A (92%) HV:E BRI 1L 4-6:B 514 ) F E LM
IHH DOl Z 52+ 7=, 10Hz-rTMSE Tld, HAM-DRXOa7 H235m M 5134
HIZREL. BRIWTBSE Tl HAM-DROZ AN 236 M 5134522k E
L. BRTBSIZ&LAEEICBIL TIES N TSN,

TMSIZEEL =g A& 2L T. B RBITBSIL verbal analogue scale T3.8T
HOT=DIZxIL. rTMSTIE34ZRL . MRTBSD AN EAZERELD
fEREG ST, BURRICEALTIE, MBELBICTHEEEEXRonGh o1
(10Hz-rTMS: 13[6%]/205 A iTBS: 16[8%]/209 A\.; p=0.60), £>&tL.HY SN
EFEESRIEEBFLDIZRIEF DR E THoT-(10Hz-rTMS:131[64%] /204
A;iTBS: 136[65%]/208 A\).

35



RIS DRI T AR ETBSA BT XD TMSAELLEREE

DEAEZFEOIEN TSNS,

MagVenture, Inc: FDA Clears 3-Minute, Non-
Pharmaceutical Depression Treatment

NEWS PROVIDED BY SHARE THIS ARTICLE

s 00000
Aug 22,2018, 08:00 ET

ATLANTA, August 22, 2018 /PRNewswire/ --

For people suffering from severe depression, the road to remission just became a lot shorter: The treatment is known
as Transcranial Magnetic Stimulation (TMS), and MagVenture has now, as the only TMS provider in the US, received
FDA clearance for a newer and much faster treatment protocol which will cut down treatment time to just 3 minutes

per session” Before that, the required treatment time per session was up to 37 minutes.

Picture magventure receives fda clearance for TBS (PRNewsfoto/MagVenture Inc)

August 14, 2018
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® Table 1. Change in Bayesian Information Criterion with more symptom trajectories with all cubic

polynomials
Number of Groups
-5918.38
-5640.88
-5522.37 _
-5496.22 52.3
5 -5552.18
Abbreviations: BIC = Bayes Information Criterion
Note Bom'uh alue indicates the selected solution. 2 * [ABIC] is the Bayes log factor approximation with
values = 10 to be strong evidence in favour of the more complex model
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» Table 4. Characteristics associated with depressive symptom trajectories

Characteristics Rapid Response Lower baseline Higher baseline Non-response
(n=73) symptoms, linear symptoms, linear (n=43)
OR (95% CI) response response OR (95% Cl)
(n=154) (n=118)
OR (95% ClI) OR (95% Cl)

Selected Covariates

Age 1.04 (1.01-1.07)¢  1.00 [Reference) 1.00 (0.98-1.03) 0.98 (0.94-1.01)
Benzodiazepine Use®s 10.40 (0.18-0.90) 1.00 (Reference) 0.88 (0.47-1.64) 2.25(0.99-5.11)
Baseline HDRS-17 0.90 (0.80-1.01)  1.00 [Reference) 1.30 (1.19-1.42) 1.31 (1.17-1.47)
(

Baseline QIDS-SR 0.79 (0.71-0.87) 1.00 (Reference) 1.02 (0.93-1.11) 1.20 (1.05-1.38)

A priori

TBS rTMSE 1.02 (0.53-1.98)¢  1.00 (Reference) 1.27 (0.71-2.29) 1.87 (0.82-4.28)

Abbreviations: HDRS-17 = 17-item Hamilton Depression Rating Scale, TBS = Theta burst stimulation, rTMS =
Repetitive transcranial magnetic stimulation, QID5-5R = Quick Inventory of Depressive Symptomatology, Self-
Report, OR = Odds ratio, CI = Confidence interval.

Note: Bolded value indicates statistical significance at p<0.05

% Reference is no benzodiazepine use
% Reference is high frequency left stimulation technigue

A) FYBWEE. B)IRVYUFTEEVAREBEDORM., C)N
FAVERTODLIUVELSDIREEE(L. ,.,\;E&)ir*mhﬂm
EREEL Tz — A D)IR—RSAUEAD LY SV DR
SEEIXIERICODEABERAEL TV,




ARTICLE

Efficacy, tolerability, and cognitive effects of deep transcranial
magnetic stimulation for late-life depression: a prospective
randomized controlled trial Tyler, Noda et al. 2018
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Fig. 1

Enrollment

Assessed for eligibility (n=75)

Excluded (n=17)

+ Mot meeting inclusion criteria (n=12)
+ Declined to participate (n=4)

+ Other reasons (n=1)

Randomized (n=58)

v

Allocation } ¥

Allocated to aclive deep rTMS (n=30)
+ Received intervention with H1L coil (n=5)

+ Received intervention with H1 coil (n=25)

Allocated to sham rTMS (n=28)
+ Received intervention with H1L coil (n=1)
+ Received intervention with H1 coil (n=2T7)

| |

Lost 1o follow-up (n=0)
Discontinued intervention (n=7)
H1 Coil
Renal colic (n=1)
Did not wish to confinue (n=1)
Symplom worsening (n=1)
Comeal tear (n=1)
Tolerability (n=1)
H1L Coil
« Seizure (n=1)
« Tolerability (n=1)

Lost to follow-up (n=0)
Discontinued intervention (n=1)
H1 Coil

«  None
H1L Cail

*  Tolerability (n=1)

Analysis ]

s

Analysed (n=25)
+ Excluded from analysis (received H1L coil, n=5)

CONSORT diagram depicting flow of participants through study. rTMS repetitive transcranial magnetic stimulation

Analysed (n=27)
+ Excluded from analysis (received H1L coil, n=1)
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Results

52HIDS5DREEMNS ML, TOT4TH|

HEM =250 LRIBEO=27)2EE

AIZE|YfF TSNt

BRE(ILEICERTOTAIET
BEIZE o= (40.0% vs 14.8%),

AR EB(NNT) [F4A(95% Cl: 2.1-

56.5) Tdh 7=,

Table 4, Adverse effects by rTMS treatment condition

Group; no. (%)

Adverse effect Active (n = 25) Sham (n =27)

Headache after treatment 14 (56.0)
Nasopharynagitis 1 (4.0)
Pain at stimulation site

Aphthous ulcer

Corneal abrasion

Dermatitis

Sinusitis

Nausea

Dental pain

Increased anxiety

Bold adverse effects indicate p < 0.05, Fisher’s exact test
rTMS repetitive transcranial magnetic stimulation

(A) 100% EActive rTMS  EISham rTMS
p=<0.05

0% p<0.05
B0% ’7

T0% T
a9 _

50

40%

Proportion Remitted

0%
20% S

1ks

0%
Intention to Treat Per Protocol

(B) 1003 ClActive rTMS  [@Sham rTMS

p=<0.05
90%
p<0.05
Bl%
T T0%
2
2 6%
wi
u
= s0%
S
S 405
g
& 30% _
20% . -
"/’ /‘
10% o
el B
D?’\‘\':\ ......
Intention to Treat Per Protocol

Fig. 2 a Remission and b response rates with 95% confidence
intervals based on 24-item Hamilton Depression Rating Scale
between the intention-to-treat group (active (n=25) and sham
(n = 27)) and per protocol group (active (n = 20) and sham (n = 27)).
In the primary frial outcome (remission in the intention-to-treat
group) there were significantly more remitters who received active
compared to sham rTMS (p<0.05). rTM5 repetitive transcranial
magnetic stimulation
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What is Magnetic Seizure Therapy (MST)?
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Magnetic Seizure Therapy (MST) Electroconvulsive Therapy (ECT)




Magnetic seizure therapy in an adolescent

with refractory bipolar depression: a case report

Noda, Daskalakis et al. 2014
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Longitudinal HDRS,, score changes following MST
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History of
muscle activity

Time of day

Brain state

Anatomy
Lifestyle influences Unknown Neuronal circuits

-

Gender

Biological
factors

Neuroimaging: MRI, MRS, NIRS etc
Behaviour: learning, reaction time,
symptoms etc

Measurement Physiology: MEP conditions (rest vs active),
factors SICI, LICI, SP, EEG, TEP, etc

Stimulation protocols per se
Stimulation parameters: current direction, intensity,
pulse configuration, total number of pulses, frequency etc

Huang et al., 2017. Clin Neurophysiol.




