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What is Transcranial Magnetic Stimulation

It is well-known that the impact of a TMS pulse on the neural system depends on several
variables:

1) The effects are not determined only by the properties of that stimulus but also on the
initial brain state of the perturbed region [Silvanto and Pascual-Leone, 2008]

A compelling way to quantify the effect of a magnetic perturbation is to combine TMS and
EEG [Thut and Pascual-Leone, 2010; Voineskos et al., 2010], thus looking at millisecond-
level brain activity propagation throughout the brain and potentially study the impact of
specific brain states at the time of stimulation [Bergmann et al., 2019; Schaworonkow et al.,

2019].

2) While the understanding of TMS propagation pathways and principles is still incomplete, the vast majority of
studies suggest that TMS pulses propagate along white matter tracts [O’Shea et al., 2008], with the conductivity of

white matter bundles potentially shaping the propagation of action potentials [McCann et al., 2019].

3) Moreover, the amount of TMS signal propagation is not determined only by the underlying anatomical connection
but highly depends on the initial functional state of the perturbed brain region and its connections Silvanto and
Pascual-Leone, 2008].

The complexity and organization of the structural and functional connectome can be captured in vivo via diffusion

weighted imaging (DWI) and functional magnetic resonance imaging (fMRI) data collected during resting-state (rs-
fMRI) respectively [Hagmann et al., 2008]



Cortico-cortical paired associative stimulation

Cortico-cortical paired associative stimulation (ccPAS) is a recently established offline dual-coil transcranial magnetic
stimulation (TMS) protocol based on the Hebbian principle of associative plasticity and designed to transiently
enhance synaptic effi ciency in neural pathways linking two interconnected (targeted) brain regions.
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Network-Targeted Cortico-cortical Associative Brain Stimulation

Resting State Network (Yeo et al., 2011)

gf fMRI network gf fMRI network Dorsal Attention Network (Shirer etal., 2012)
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Network-Targeted Cortico-cortical Associative Brain Stimulation
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Network-Targeted Cortico-cortical Associative Brain Stimulation

Santarnecchi, Momi et al., 2018— Human Brain Mapping



Network-Targeted Cortico-cortical Associative Brain Stimulation

Santarnecchi, Momi et al., 2018— Human Brain Mapping



Network-Targeted Cortico-cortical Associative Brain Stimulation
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Network-Targeted Cortico-cortical Associative Brain Stimulation

41

Santarnecchi, Momi et al., 2018— Human Brain Mapping



Network Structural Connectivity Predicts Propagation of Image-Guided TMS
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Network Structural Connectivity Predicts Propagation of Image-Guided TMS
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Network Structural Connectivity Predicts Propagation of Image-Guided TMS
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Network Structural Connectivity Predicts Propagation of Image-Guided TMS

Z-score

___________________________________

Time Series Rectification

3

25

2

15

1

05 ' ! A /\\..N\/\/ 508ms
oms >

250ms

BRAIN
CONNECTIVITY

WITHIN/BETWEEN
NETWORK CONNECTIVITY
(MODULARITY)

NETWORK
CONNECTIVITY

N\ A S A s
250ms

STIM2NETWORK
CONNECTIVITY

Permutation testing (n=1000) and Cluster Correction

STIM2BRAIN
CONNECTIVITY

Momi et al., 2020 — Neurolmage



Network Structural Connectivity Predicts Propagation of Image-Guided TMS
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Network Structural Connectivity Predicts Propagation of Image-Guided TMS

1200 -

N
jry
o
[S]

1000 -

900 -

800 -

1200-

150

1100-

1000-

©
o
i~

800-

150

STIMULATION over DMN m

1200-

B 0.68 — —
ol - R2 = 0.002% R2 = 18%
. p=002 > "0 p=0.02, . pr=0-83 p=0.04
= > S : ;
=] 2 066
§ 1000- ° 5
& 3
o ] o
g 900 = o . . .
[a] . .
. 800- .
- ® - °
‘ ° ' ‘ ‘ 0.62- . ) . .
200 250 300 350 150 200 250 300 200 250 300 350
AUC (Visit 1) AUC (Visit 2) AUC (Visit 1)
STIMULATION over DAN
L] L]
1200 088" R2=0.02% R2=21% *
R2_=032(;% > R2 = 25% p =0.45 o b p.= 0.03
p = 0.006 % 1100 p = 0.01 2056-
2 1000 s '__",_L'
g .g 0.64 ¥ o
o (<] . .
= 900~ =
g 0.62- .
800 - - ‘
L[] L[]
| | | Y 0.60- o c
200 250 300 260 250 100 200 300
AUC (Visit 1) AUC (Visit 2) AUC (Visit 1)

STIM2BRAIN  g7\M2NETWORK NETWORK
CONNECTIVITY  cONNECTIVITY CONNECTIVITY

WITHIN/BETWEEN

Structural Connectivity Hierarchical Framework

BRAIN

NETWORK CONNECTIVITY ~ CONNECTIVITY
(MODULARITY)

0.68-

o
o
>

Modularity

o
>
&

0.62-

0.675-

Modularity
o
&

B STIMULATION over DMN m

STIMULATION over DAN

0.625-

0.60"

R2'= 0.005% R2 =27%"
p=0.73 | p=0.01

.
. . *
.

2b0 ZISO 360
AUC (Visit 2)

R2=0.01% R2 = 23%
. p=0.60 p=0.02 -

100 200 300
AUC (Visit 2)

Momi et al., 2020 — Neurolmage



Network Structural Connectivity Predicts Propagation of Image-Guided TMS
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Network Structural Connectivity Predicts Propagation of Image-Guided TMS
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TMS-induced signal is predicted by functional and structural connectivity?
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TMS-induced signal is predicted by functional and structural connectivity?
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Tractography-guided Network propagation analysis

TMS was applied to target the EEG negative vs.
positive peak of the sensorimotor m-rhythm in
healthy subjects. Corticospinal excitability was
indexed by motor evoked potential amplitude in a
hand muscle.

Results showed that synchronizing TMS pulses to
the trough of the alpha rhythm has shown to
generate higher MEPs compared to peak phase

Findings raise the intriguing possibility that real-
time information of instantaneous brain state can
be utilized to control efficacy of plasticity induction
in humans.
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Tractography-guided Network propagation analysis
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Tractography-guided Network propagation analysis
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Tractography-guided Network propagation analysis




Tractography-guided Network propagation analysis
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Tractography-guided Network propagation analysis
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Tractography-guided Network propagation analysis
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Tractography-guided Network propagation analysis
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