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Motor pathways evaluation

MEP



Which interneurons are targeted by TMS?



Paired associative stimulation (PAS)

Anodal TDCS

given continuously for > 5 min

Transcranial direct current 

stimulation (TDCS)
+

-
-

+

25 ms10 ms
ISI of ~25 ms

given every 3 to 20 s

Continuous TBS (40s)

1 s

Theta burst stimulation (TBS)

Intermittent TBS every 10 s

2 s

8 s

Repetitive TMS (rTMS)

Low-frequency rTMS (~1Hz)
2 s

ISI of ~10 ms

Cathodal TDCS

High-frequency rTMS ( ≥ 5Hz)

2 s



•Chronic high-frequency rTMS increased

the binding affinity between BDNF and its

cognate receptor TrkB and augmented

NMDA receptor-TrkB association in rat

prefrontal cortex and in human and rat

lymphocytes . 

glutamatergic transmission
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LEVEL A: definite efficacy analgesic effect of HF-rTMS over M1 in pain

antidepressant effect of HF-rTMS of the left dorsolateral 
prefrontal cortex (DLPFC) 



LEVEL B: probable efficacy
antidepressant effect of low-frequency (LF) rTMS of the 

right DLPFC, HF-rTMS of the left DLPFC for the 

negative symptoms of schizophrenia

LF-rTMS of contralesional M1 in chronic motor stroke



LEVEL C: possible efficacy - LF rTMS of the left TPC on tinnitus and auditory hallucinations;

- HF rTMS (5–25 Hz) of bilateral (multiple) M1 areas on motor symptoms of PD;

- CRPS type I (HF rTMS of M1 contralateral to pain side;

- hemispatial neglect (cTBS of the contralesional left posterior parietal cortex);

- epilepsy (LF rTMS of the epileptic focus), 

- post-traumatic stress disorder (PTSD) (HF rTMS of the right DLPFC);

- cigarette consumption (HF rTMS of the left DLPFC).



New applications of TMS



APA   Depression Treatment Guidelines
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TMS Therapy Treatment Parameters in 
depression

• Treatment sessions

• 37.5 minutes

• Treatment course

• 5x/week for 4 to 6 weeks

• Then taper over 3 weeks

• Treatment magnetic field strength = 120% of MT

• Treatment parameters

• Stimulation time = 4 seconds

• Pulses per second = 10

• Interval = 26 seconds

• Number of pulses = 3000

NeuroStar TMS Therapy System User Manual. Neuronetics, Inc: Malvern, PA; 2008.



NeuroStar TMS Therapy: 
Clinical Development Program

1. O’Reardon JP et al. Biol Psychiatry. 2007;62(11):1208-1216; 2. Janicak PG et al. J Clin 
Psychiatry. 2008;69(2):222-232; 3. Avery DH et al. J Clin Psychiatry. 2008;69(3):441-451;  
4. Lisanby SH et al. Neuropsychopharm, 2009;34(1):522-534; 5. Data on file: Study 103. 
Neuronetics, Inc: Malvern, PA; 2008.
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NeuroStar TMS Produced Significant Improvements in 
Depressive Symptoms

P=.007

P=.0006 P=.0041

MADRS Total Score
(Baseline to Endpoint Change)1

HAMD-24 Total Score
(Baseline to Endpoint Change)2

** P<.01.
LOCF analysis of evaluable study population.

1. Lisanby SH et al. Neuropsychopharmacology. 2009;34(2):522-534; 2. Data on file. 
Neuronetics, Inc: Malvern, PA; 2008.

NeuroStar TMS 
Therapy (n=88)

Sham (n=76)
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Analysis of Effect Size:
TMS vs. Antidepressant Medications 

N=164 N=12,564
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1. Data on file. Neuronetics, Inc: Malvern, PA; 2008.
2. Turner EH et al. N Engl J Med. 2008;358(3):252-260.
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[95% CI 
0.21–0.83]

[95% CI 
0.26–0.36]

NeuroStar TMS 

Therapy1

Antidepressant 

Medication2
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Clinically Meaningful Response and Remission Rates 

HAMD-24 Response Rates
(>50% Improvement from Baseline)

HAMD-24 Remission Rates
(HAMD-24 Total Score <11)

Data on file: Study 102. Neuronetics, Inc: Malvern, PA; 2008. 15
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NeuroStar TMS Therapy:
Safety Overview

• No seizures

• No systemic side effects such as weight 
gain, sexual dysfunction, nausea, dry 
mouth, or sedation

• No adverse effect on cognition

• Most common adverse events were 
headache and scalp discomfort during 
active treatment

• <5% of patients discontinued due to 
adverse events 

More than 10,000 active treatments performed across all studies

Janicak PG et al. J Clin Psychiatry. 2008;69(2):222-232.
NeuroStar TMS 
Therapy (n=155)

Sham (n=146)

Prestudy 1       2      3      4      5       6       7      8       9  

Week



No Evidence of Emergent Suicidal Ideation 
With TMS Therapy

* Shift Score indicates the percent of subjects who experienced a change in 
HAMD Item 3 score from 0 or 1 at baseline to 3 or 4 at later point in time.
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O’Reardon JP et al. Biol Psychiatry. 2007;62(11):1208-1216;  Avery DH et al. J Clin Psychiatry. 
2008;69(3):441-451; Janicak PG et al. J Clinical Psychiatry. 2008;69(2):222-232.

•No adverse effect on cognitive 
function

•Tested across several cognitive
function outcome measures
•No evidence of emergent 
suicidal ideation
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Toward a precision medicine 



IMPROVING THE PRECISION AND EFFICACY OF TMS  





CLOSED LOOP STIMULATION



The new frontiers of NIBS: FUS stimulation













IS FUS stimulation a safe
procedure?







The after effects on connectivity last for at least 2 hours!!!!!!







The future……..

FUS could be used in the future to target cortical and epsecially sub-cortical structures for therapeutic purposes




