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Overview




What is ‘State-dependeniy’?
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Paired-Pulse TMS

Test pulse Conditioning Pulse
(alone) + Test Pulse

Modified from: Kobayashi & Pascual-Leone, 2003 (Lancet Neurology)

Intracortical
Inhibition
(IS = 1-6ms)

Intracortical
Facilitation
(ISI = 8-30ms)
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Adaptation & Priming 4









Color Adaptation: area V1
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Baseline After adaptation to red After TMS

Modified from: Silvanto et al., 2008 (Trends in Cognitive Sciences)




Motion Adaptation: area V5/MT

Each trial lasted
approximately 2 s and
each block approximately 64 s
L
60 s
of adaptation )

Fixation ’

500 ms

32 trials after
each period
of adaptation

[l Adapted direction
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Cattaneo & Silvanto, 2008 (Neurtg

V5/MT TMS Vertex TMS
TMS condition
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Letter Priming: left PPC

_'_

Fixation
500 ms

O Primed Letter
m Other Letters

Mean reaction time (ms)

No TMS Left PPC TMS
Condition

Cattaneo et al., 2008 (European Journal of Neuroscience)




Take Home —Adaptation/jriming




Closed-loop EEG triggered TMS

Positive Peak Positive Peak

o°
330° 30°

300¢ aﬁg

270° e

5°+ 58°
240°

210°
180°

Random Phase

0°
330° 30°

300° 60°
7% |10%
270° O0° e T e A
o

240° 120°

(9]
w
(=]
—_
5~
s
3
‘-ON

210° 150°
180°

Negative Peak

\'I‘ﬂ‘ulﬁ ‘

-100ms  -50ms

Time before TMS pulse

Zrenner et al., 2018 (Brain Stimulation)

13



Overview




Convention




Exp Brain Res (2000) 133:425-430
DOI 10.1007/s002210000432

RESEARCH ARTICLE

Fumiko Maeda - Julian P. Keenan : Jose M. Tormos
Helge Topka - Alvaro Pascual-Leone

Interindividual variability of the modulatory effects of repetitive
transcranial magnetic stimulation on cortical excitability

240 pulses 1600 pulses
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Variability in Cognitive Interventions
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Altered response to rTMS in disease

Impact of 1Hz rTMS on Motor-Evoked Potential (MEP), Intracortical Facilatition and Inhibition

Unconditioned MEP after rTMS
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Fig. 1 Mean amplitude (+5D) of MEP to ted stimulus alone after
1 Hz rTMS in migraineurs and controls (values are expressad as
percentage of bassline MEP).

Brighina et al., 2005 (Experimental Brain Research)



Impact of physiological activity

MEP size (%o)
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Case example
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Preconditioning rTMS with tDCS

Impact of tDCS/rTMS on Motor-Evoked Potential (MEP) amplitude
a Main experiment (n = 8)
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Siebner et al., 2004 (Journal of Neuroscience)
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Preconditioning TBS with TBS

J Physiol 590.22 (2012) pp 5765-5781

Homeostatic metaplasticity of corticospinal excitatory
and intracortical inhibitory neural circuits in human motor
cortex

Takenobu Murakami!, Florian Miiller-Dahlhaus', Ming-Kuei Lu'? and Ulf Ziemann'+?

Test iTBS Test cTBS

@ non-primed iTBS S ® non-primed cTBS
® cTBS-primed iTBS @ iTBS-primed cTBS
@ iTBS-primed iTBS ® cTBS-primed cTBS

10 120 130 140 10 120 130 140
Intensity (% S, ) Intensity (% SI

1 mv)
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Meta-plasticity:
Impact of Cumulative Sessiens

Impact of dally 1Hz rTMS on visuo-spatial detection
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Maeda et al., 2000 (Clinical Neurophysiology)

Valero-Cabré et al., 2008 (European Journal of Neuroscience)




Altered Meta-plasticity in ASD

Impact of TBS on Motor-Evoked Potential (MEP) Amplitude Cumulative Impact of Back-to-Back TBS
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Oberman et al., 2012 (European Journal of Neuroscience) Oberman et al., 2016 (J Child Adolescent Psychopharm)
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Reproducibility of TMS measures

Reproducibility of TMS measures across groups

Reproducibility
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Fried et al., 2017 (Frontiers in Aging Neuroscience)
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Factors that affect reproducibility

A Relationship between inter-visit differences of B Relationship between inter-visit differences of MEP
biphasic baseline MEP amplitude and RMT change 0-20 min post-iTBS and baseline MEP amplitude
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Fried et al., 2017 (Frontiers in Aging Neuroscience)




Factors that affect reproducibility

Impact of inter-visit duration on reproducibility of iTBS after-effects
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Fried et al., 2017 (Frontiers in Aging Neuroscience)




Variability due to study parameters

Inter-individual variability in response to iTBS

Ry =49, p=.012 ——
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Unpublished data — do not share




Take Home —Variability i11\rTMS




Overview




Potential Confounds 4
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p = 0.0537 p = 0:0051*

Effect size = 0.35 Effect'size = 0.52
All subjects Excluding BDNF Met+ & APOE-¢4
(n=30) (n=27)
Healthy Type-2 Diabetes Healthy Type-2 Diabetes

For full study, see Fried et al., 2017 (J Alzheimer’s Disease)




Factors that affect reproducibility

Impact of BDNF polymorphism on reproducibility of iTBS after-effects
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What to do? Follow th&C’s



Predicting Therapeutic Outcome:
activity in single sites

Perfusion MRI

resp<nonresp

0.0 5 1.0 X ¥

HbT change during first minute
MDTL at F3

Eschweiler et al., 2000 (Psychiatry Res.: Neuroimaging)

Weiduschat and Dubin, 2013 (J Affective Disorders)




Predicting Therapeutic Outcome:
activity across networks

rCBF (SPECT) Resting-state functional connectivity MRI

More Effective 5cm Less Effective 5cm

Fitzgerald Target ~ Avg. 5cm Target

Subgenual Correlation (r)
Subgenual Correlation (r)

P < 0.005
P<5x108

Fox et al., 2012 (Biological Psychiatry)

Mottaghy et al., 2002 (Psychiatry Res.: Neuroimaging)




Changing brain state to improve efficacy

fTMS‘ (Day 1~ Day 10: the same) ‘
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Li et al., 2016 (Cerebral Cortex)
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Future Interventions 4



To Sham or Not to Sham;l.




Option 1: Tilt Coil 9o°

real Pros: sham
Easy, fast,.cheap
No switehing coills
Similar, sensations

Might induce current
Won't fool non-naive



Option 2: Use “sham” Coll

real PFOSZ sham
Similar lookrand feel
Tech getting better

Slow, expensive
Must switch coils
Still doesn’t feel the same




Option 3: Active Control Site

real P ros: vertex
Easy, fast,.cheap
Same sensations

\Will' control site have
real effects?
Laterality of sensations

43



Option 4: Double Dissociation

Left hemisphere Pros: Right hemisphere

Easy, fast,.cheap
Same sensations
Greater,explanatory
power

More difficult study design

A
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