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Unusual brains in TMS



Right deltoid sample



Right Deltoid sample (stim in CSF) 



Right deltoid map





Left deltoid and tibialis anterior Motor Maps 
Left deltoid

Left tibialis 

anterior

Kaye et al., Epilepsy & Behav. Case Reports 

2016



Diffusion Tractography Imaging 
corticospinal connectivity within the tuber tissue 

Kaye et al., Epilepsy & Behav. Case Reports 2016





Left hand

Right hand



Healthy 

12yF

L APB map





Hand Motor Task - fMRI

R hand

L hand



N=4 boys with hemispheric polymicrogyria

fMRI: ipsilesional BOLD signal in 3 / 4

nTMS: 0 / 4 crossed lesional corticospinal connections

4 / 4 with preserved grasp in paretic hand after hemispherectomy



- No spurious VNS trigger
- Minimal current (200 nA X 1 ms)
 induced between the leads



rTMS safety after cranial surgery

Rotenberg et al., 2007
Rotenberg and Pascual-Leone 2009



Ex vivo stimulation

Rotenberg et al., Clin Neirophysiol 2007

Titanium Skull Plates and Gold EEG Electrode 
Temperature vs. Time During 1Hz rTMS
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Ex vivo stimulation (aneurism 
clip)

Hsieh et al., Clin Neurophys 2011



Special considerations in pediatric TMS

ÅHead and brain growth
ÅDevelopmental regulation of 

neuronal excitability



Developing 
brain is a 

moving target

Vulnerability (or resistance) 
to injury likely varies with age

Studies restricted to narrow 
age windows are lacking

Subdivision of the pediatric 
age group may be necessary



Potential mechanisms 
for developing brain 
injury

ÅEnhanced excitabilty and vulnerability 
to seizure in early life
ÅRisk for excitotoxicity

ÅEnhanced synaptic plasticity
ÅRisk for interference with learning 

and memory

ÅOngoing neurogenesis, 
synaptogenesis, myelination, etc.
ÅRisk of use-dependent structural 

change
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Status epilepticus by age

DeLorenzo et al., 1992



Pediatric volume is limited!



Neuronetics Trial

N=164; 23 centers; triple blind

L DLPF 10 Hz rTMS

120% MT

4 sec trains

26 sec ITI

3000 pulses/day

2-3 weeks

Lisanby et al., 2008



N=6





N=64 (32: 90% RMT; 32: 20% RMT)

0.5 Hz rTMS over seizure focus



Clinical trials: gaps in knowledge

ÅLimited TMS data in pediatrics
ÅFew clinical trials segmented by developmental stage
ÅFragmented pediatric data available from inclusive prospective 

trials

14yF 15yF

Fregni et al., 2005

N=2?



Stimulation protocols

Frye, Rotenberg, et al.  Child Neurol 2007



Presurgical motor mapping by TMS



TMS is feasible in children  (with accommodations)



TMS is feasible in children  (with accommodations)



Motor TMS example



Right hand (APB) map



Right foot (TA) map





rMT across ages

rM
T 

(V
/m

)

age (years)

Kaye, Krieg, et al., in prep  


