
Neuromodulation and Interventional 
Psychiatry

Joan A. Camprodon, MD MPH PhD
Chief, Division of Neuropsychiatry and Interventional Psychiatry

Laboratory for Circuit Neuroscience and Neuromodulation

MGH Transcranial Magnetic Stimulation clinical service

Mass General Brigham, Harvard Medical School



Disclosures

• Funding: 

NIH (NIMH, NIDA, NIAAA, NIA, NIH Brain Initiative), PCORI, Harvard Players 
Health Study, Harvard Brain Initiative, Gerstner Foundation, AE Foundation, 
FFOR, Rappaport Foundation.

• Editorial Royalties: Springer.
• Scientific Advisory Board: Hyka, Flow Neuroscience
• Consultant: Neuroelectrics, Fisher Wallace



molecules

genes

cells         

synapses        

circuits/systems        

organ                   

behavior/cognition/emotion  

clinical syndromes               

population dynamics               

brain areas          

cultural/religious                      

Neuropsychiatry and Circuitopathies

Medications

Behavioral Rx

Brain Stim



Invasive

Deep Brain Stimulation (DBS)

Vagal Nerve Stimulation (VNS)

Responsive Neurostimulation (RNS) 

Noninvasive
Transcranial Magnetic Stimulation (TMS)
Transcranial Direct Current Stim. (tDCS)
Noninvasive VNS
External Trigeminal Nerve Stim. (eTNS)
EEG Neurofeedback

Neuromodulation Technologies

Convulsive
Electroconvulsive Therapy (ECT)
Magnetic Seizure Therapy (MST)



Device Neuromodulation and the FDA

DEVICE CONDITION

Deep Brain Stimulation Chronic Pain (revoked)

Parkinson´s Disease

Essential Tremor

Dystonia (HDC)

Epilepsy

OCD

Responsive Neurostimulation Focal Epilepsy

Vagus Nerve Stimulation Epilepsy

TRD

Stroke Motor Rehabilitation 
(Arm)

Noninvasive VNS Migraine (acute; preventive)

Cluster Headache

DEVICE CONDITION

Electroconvulsive Therapy MDE (unipolar, bipolar)

Catatonia

Mania and Schizophrenia off 
class II label (2018)

Transcranial Magnetic 
Stimulation

TRD (adults and adolescents)

Migraine (acute with aura, 
preventive)

OCD

Smoking Cessation

Transcranial Direct Current Stim MDD (home-based)

EEG Neurofeedback PTSD symptoms

Trigeminal Nerve Stimulation Pediatric ADHD

Migraine (acute; preventive) 



Pathophysiology

Treatment Development for Circuit 
Therapeutics

Biomarkers Treatments

Severity

Prognostic/Predictive

Response

Disease

Behavior - What

Anatomy - Where

Physiology – How/When



• 1990s: Early PET data identified hypometabolic frontal lobes in 
Depression, with additional hemispheric (frontal) asymmetry

• 1990s: rTMS can selectively increase (HF) or decrease (LF) cortical 
excitability

Depression Rx Strategy:

-Right: Low Frequency

(1 Hz)

-Left: High Frequency

(5-20 Hz)

= =

Biomarker-driven Rx development in MDD



Initial evidence: DLPFC-TMS improves depression

Lancet 1996; 347: 233–37



MDD Effectiveness Naturalistic Studies

Carpenter et al. 2012
• 339 patient with MDD naïve to TMS
• Concurrent medications/therapy
• Response Rate: 41.5-58%
• Remission Rate: 26.5-37.1% 
• Age and severity predict outcome
• Treatment-resistant not a predictor



Likelihood of achieving remission drops with each subsequent medication trial

Typical Insurance 
Coverage

Rush AJ et al.  Am J Psych 163:1905-1917, 2006

Why Consider TMS treatment for Depression? 



TRD: switching SNRI vs augmenting atypicals vs 
TMS

Mol. Psychiatry, 
2024



TRD: switching SNRI vs augmenting atypicals vs TMS



Replication: TMS augmentation > med switching

Am J Psychiatry, 
2024



Replication: TMS augmentation > med switching

Am J Psychiatry, 
2024



TMS as first line therapy?



TMS Protocols for MDD

Right DLPFC inhibition: 

Low Frequency (1 Hz)

• 1Hz

• 110-120% motor threshold

• 1200-1800 p/session (20-30min)

• 30 sessions: 1 daily over 6 wks

Left DLPFC excitation: 

High Frequency (5-20 Hz)

• 10Hz

• 120% motor threshold

• 3000 pulses/session (15-38min)

• 30 sessions: 1 daily over 6wks 



• Shorter duration
• Longer-lasting physiological and 

cognitive effects are established in 
mechanistic studies

MDD: 10 Hz L-DLPFPC

New Protocols: Theta Burst Stimulation (TBS)

Frequency determines excitatory vs. inhibitory effects



FDA-cleared: TBS for MDD

Response Rate: 39%-49% 
Remission Rate: 20%-32%

FDA cleared in 2018



Accelerated TMS



fcMRI-guided Accelerated TBS for MDD



fMRI-guided Accelerated TBS for MDD

FDA cleared in 2022

Interim Analysis: 30 patients (aim was 60)
Cohen’s d > 0.8  🡪 Study ended

Active: 62.0%, 70.9%, 62.4%, 57.8%, 52.5%
Sham:  14.3%, 20.6%, 10.4%, 10.9%, 11.1%

85.7% response rate
78.6% remission rate



SNT for Bipolar Depression

2024



But…

“The current data regarding the application of rTMS in BD patients remain limited. 
More adequately powered sham-controlled studies are required to verify its efficacy. 
Large-scale clinical trials are needed to also determine whether its effects extend to manic and mixed episodes, 
as well as its role in mood stabilization and amelioration of suicidal behavior.”



Biomarker-Driven Treatment Development



Augmentation of TMS with “neuroplastogens”

D-cycloserine (NMDA partial agonist): 100mg, 60min pre-TMS, first 2 weeks only

TMS: iTBS, 600 pulses 80%MT, F3Beam, 4 weeks/20 daily sessions



Augmentation of TMS with “neuroplastogens”



Rapid Treatments for Depression

Brexanolone IV
Zuranolone PO

Neurosteroids
fMRI-guided 

accelerated TMS
Electroconvulsive Therapy

(ECT) (Es)ketamine Psychedelics

Interventional Psychiatry



Interventional Neuropsychiatry: new subspecialty?



Precision Neuromodulation: Beyond Personalized 
Protocols

Brexanolona IV
Zuranolona PO

Neurosteroids
fMRI-guided 

accelerated TMS
Electroconvulsive Therapy

(ECT) (Es)ketamine Psychedelics

Who should get what when?



Biomarker-Informed Precision Treatment Selection



Thanks!

https://dnn.mgh.harvard.edu


