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Induction 



Transcranial Induction 



Where it all began… 



nTMS Language Mapping 



nTMS Language Mapping 



Motor 



Motor Mapping with TMS 
Reference Number of 

patients 
Mean distance 
nTMS to DCS 

Mean distance 
fMRI/MEG to DCS 

Krings, 1997 2 <10 mm - 

Picht, 2009 10 3 mm - 

Kantelhardt , 2010 1 <5 mm - 

Picht, 2011 23 8 mm 14 mm (fMRI) 

Forster, 2011 10 13 mm 21 mm (fMRI) 

Krieg, 2012 14 4 mm 10 mm (fMRI) 

Paiva, 2012 6 4 mm - 

Tarapore, 2012 8 2 mm 5 mm (MEG) 

Coburger, 2012 30 - 23% fMRI not feasible  

Krieg, 2013 24 5 mm 9 mm (fMRI) 

Vitikainen, 2013 13 11 mm - 

Mangraviti, 2013 8 8 mm 13 mm (fMRI) 

Frey, 2014 82 6 mm - 

Takahashi et al, Neurosurg. Focus, 2013 



Facial Recognition 



nTMS Mapping Consensus 



 
 
 





Broadening the Indications for 
nTMS 

 
 
 



 
 
 

New Frontiers… 



nTMS – An Adjunct Neuro Exam 

•  Quantitative (MEPs) 
•  Repeatable 
•  Reproducible 
•  Highly sensitive and specific 
•  Does not require patient 

participation 



Acute Traumatic Brain Injury 



Post-operative Day 1 

•  RMT APB– Left 45% / Right 47% 
•  Latency 21-24ms 
 



Post-operative Day 4 

•  Decrease in amplitude 
•  Monophasic morphology 
•  longer (and asymmetric) latency 

•  Intermittently elevated ICP (20-26) 



Post-operative Day 4 (Late) 



Post-operative Day 5 

•  Persistently elevated ICP (25-35) 



Lessons Learned 

•  nTMS can be used in an acute 
inpatient setting, in a critically ill 
patient 

•  MEPs may change with the 
neurophysiology  
•  Amplitude 
•  Morphology 
•  Latency 

    so… 
•  It’s possible! 



Acute Cervical 
Spinal Cord Injury 



Post-operative Day 1 



Post-operative Days 1-2 

Day 1 Day 2 (delirious) 



Post-operative Day 3 



Post-operative Day 3 



Lessons Learned 

•  MEPs correlate closely with motor 
examination in acute cervical spinal 
cord injury 

•  MEPs can be extremely valuable for 
following the exam in a patient who 
is unable to participate 

•  Therapeutic intervention may be 
guided successfully by following 
MEP. 



Aneurysmal SAH 



Aneurysmal SAH – Baseline MEPs 

Left   Right   

APB 
(49%) 

TA 
(80%) 



Post-Bleed Day 4 



Post-Bleed Day 7 



A Silver Lining? 

APB 

ED 

ADM 



Lessons Learned 

•  MEPs can be used to follow 
cerebral ischemia in real-time 

•  The localization of function is 
specific enough that it can 
distinguish different vascular 
territories 

•  Hypoperfused brain tissue (“area at 
risk”) demonstrates functional 
changes before it displays 
radiographic changes 

 



Conclusions 

•  nTMS can be safely utilized in the acute 
inpatient setting 

•  Exact reproducibility between studies is 
critical (software-based point selection) 

•  nTMS provides neurophysiological data 
that would otherwise be unobtainable 

•  Trends in MEPs over time seem to have 
clinical significance 

•  nTMS can help guide clinical 
management in a variety of neurological 
injury states 



Future Directions 

•  More patients 
•  More disease 

states 
•  Effects of 

anesthetics? 
•  Medium and long-

term follow-up 
studies 
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