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Outline for talk

ω Major Depressive Disorder current state

ω Expanded Paradigm and the Neurocircuit view within it

ω Brain Stimulation Techniques & TMS FDA Clearance History

ω Review Clinical TMS- mechanisms of action, protocol, predictor of response, treatment staging

ω Review Status of Conventional TMS , SAINT, SWIFT, & AINT for Major Depression 

ω Mention other available clinical neuromodulation options for Major Depression

ω TMS for OCD and smoking cessation





T H E  E V I D E N C E  G A P

The Medication Ladder Has a Ceiling

36.8%

Level 1
(1st med)

30.6%

Level 2
(2nd med)

13.7%

Level 3
(3rd med)

<13%

Level 4
(4th med)

By the
4th medication

only 1 in 8
patients
achieves

Remission

67% remission rates 
challenged in 

reanalysis to 35% 
remission rates 

(Pigott, 2023, BMJ)

STAR*D (Rush et al., Am J Psychiatry 2006): N=4,041 outpatients with MDD









The depressed brain: major areas of dysfunction

Higgins and George. Chapter 18, Neuroscience for Clinical Psychiatry, 2007

Amygdala

Hippocampus

Nucleus accumbens

Hypothalamic-
pituitary-adrenal 
(HPA) axis

Frontal Cortex

Medial prefrontal

Anterior cingulate

Dorsolateral prefrontal

Orbital frontal

Limbic System

Cortico -limbic dysfunction :

a hypothetical view



Brain Function

Source: Mark George, MD Biological Psychiatry Branch Division of Intramural Research Programs, NIMH 1993

Non-Depressed Depressed

PET scan measuring differences in oxygen use and glucose metabolism

UnderactiveActive



Brain Stimulation Techniques

ṉ FDA Approved

ECT
Electroconvulsive Therapy τgold standard for severe 
MDD

rTMS
Repetitive Transcranial Magnetic Stimulation 
(Neuronetics, BrainsWay, Magnus)

DBS
Deep Brain Stimulation τapproved for PD, dystonia, 
OCD

VNS
Vagus Nerve Stimulation τepilepsy & treatment-
resistant depression

tDCS (FL-100)
Flow Neuroscience home device τFDA approved Dec 
2025

eCOT-AS Neurolief Proliv Rx τFDA approved Jan 2026

Research / Emerging

FEAST
Focal Administered Seizure Therapy τdirect-current ECT 
variant

MST Magnetic Seizure Therapy τseizure with TMS coil

Epidural CS Epidural Cortical Stimulation τ less invasive than DBS

tDCS Transcranial Direct Current Stimulation (low-intensity)

CES Cranial Electrical Stimulation τAlpha-Stim

Ultrasound Transcranial Pulsed Ultrasound τneuromodulation frontier





Overview of  TMS

1) Electrical energy in 

insulated coil on the scalp 

induces

2) Pulsed magnetic field of  

about 1.5 Tesla in strength

3) Passes unimpeded through 

the cranium for 2-3 cm

4) In turn induces a focal 

electrical current in the brain

5) Get desired local and 

distal effects on the target 

neural circuitry

6) Delivered as single pulses 

or repeated trains (rTMS)



Mechanism of Action

Electromagnetic Induction

Rapidly alternating magnetic field (1.5ς4 Tesla) 
induces electrical currents in cortical neurons, 
depolarizing targeted circuits at ~2ς3 cm depth

DLPFC Targeting

Standard placement at left dorsolateral 
prefrontal cortex (5-cm rule or 
neuronavigation); modulates cortico-limbic 
networks implicated in MDD

Frequency-Dependent Effects

High-ŦǊŜǉ όҗр IȊύ ŜȄŎƛǘŀǘƻǊȅ Ҧ [¢t-like 
potentiation. Low-ŦǊŜǉ όм IȊύ ƛƴƘƛōƛǘƻǊȅ Ҧ [¢5-
like suppression. Both used clinically

Neuroplasticity

Repeated sessions produce lasting synaptic 
remodeling, normalization of prefrontal 
hypoactivity, and downstream modulation of 
amygdala/subgenual ACC



T M S  V S .  M E D I C A T I O N S

Why Patients Prefer TMS: The Side Effect Comparison

ANTIDEPRESSANT MEDICATIONS

ṍWeight gain

ṍ Sexual dysfunction

ṍ GI distress / nausea

ṍ Insomnia or sedation

ṍWithdrawal syndrome

ṍ Tremor / sweating

ṍ Blurred vision

ṍ Emotional blunting

TMS THERAPY

~  Scalp discomfort (mild, fades)

~  Headache (initial sessions)

ṉNo systemic effects

ṉNo weight change

ṉNo sexual effects

ṉNo cognitive impairment

ṉNo sedation

ṉNo withdrawal



P R A C T I C A L  G U I D E

Standard TMS: What to Expect

S E S S I O N S

30ς36 sessions
typically

S C H E D U L E

5 days/week
over 6ς9 weeks

D U R A T I O N

20ς40 min per
session

E X P E R I E N C E

Awake, alert
can drive home

and work 

F I N D I N G  A  S K I L L E D  P R O V I D E R

Ҧ  Board-certified psychiatrist with dedicated brain stimulation training

Ҧ  Residency or CME-based TMS certification (Clinical TMS Society)

Ҧ  Program volume: active program, not occasional use

Ҧ  Multiple device familiarity and accelerated protocol capability



Transcranial Magnetic Stimulation (1st Gen)



Deep rTMS



Early Sham-Controlled Evidence & Meta-Analyses
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Remission Rates: Active vs. Sham Across Key Studies Meta-Analytic Findings

Lam et al. 2008
(JAMA)

NNT ~6 for response; active sig. 
superior to sham (p<0.001)

Slotema et al. 2010
(J Clin Psychiatry)

Effect size d = 0.55 for response; 
supports clinical benefit

Berlim et al. 2014
(Psychol Med)

ORR 29% vs 11% sham across 29 RCTs 
(N=1,371)

Health Qual. 2015
(AHRQ Evidence)

Strong A-ƭŜǾŜƭ ŜǾƛŘŜƴŎŜ ŦƻǊ җм !5a 
failure population

Sources: O'Reardon 2007; George 2010; Carpenter 2012; Berlim 2014; Slotema 2010



Brainsway



C L I N I C A L  E V I D E N C E

More TMS = Better Outcomes

Extending the acute course beyond 30 sessions converts non-responders into responders

52.5%
Conversion Rate

Non-responders at session 30
who responded after extension

~53%
Replicated Finding

Confirmed by Razafsha et al. 2023
in independent naturalistic study

77.5%
Prediction Accuracy

җнс҈ L5{-SR improvement by
session 30 predicts conversion

Response & Remission: Session 30 vs. Post-Extension

Outcome At Session 30
(Standard Endpoint)

After Extension
(37ς41+ Sessions)

Benefit

Response Rate 46% 62% +16 pts

Remission Rate 15% 30% 2× higher

IDS-SR Improvement
(Converters vs. Non)

20.2% avg
(non-converters)

33.8% avg
(converters)

Steeper trajectory
= better odds

Source: Lew et al. (2025) Transcranial Magnetic Stimulation 4:100092 | Hutton et al. (2023) Brain Stimulation 16:1510-1521 | Butler Hospital TMS Clinic, Brown University



Durability & Relapse Prevention
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Durability of Response Post-TMS (Dunner et al., 2014) Dunner et al. 2014

(J Clin Psychiatry): 257 acute responders followed 52 wks. ~62% 
maintained response at 1 year; median time to relapse 194 days.

Retreatment Works

Carpenter 2012 & Cohen 2009: >50% of relapsers responded to 
retreatment course; TMS can be repeated safely.

Combined Pharmacotherapy

Isserles & Zangen 2011; Blumberger 2018: Concurrent 
antidepressant maintenance extends durability and reduces 
relapse vs TMS alone.

Maintenance TMS

Emerging evidence for scheduled maintenance sessions (weekly 
or monthly) post-acute to extend remission; standard of care at 
many centers.

People can be treated again and 1/3 need it in less than 6 months



T H E  E V I D E N C E

TMS Works τAnd It's Covered

4 Large
RCTs

Supporting TMS for
treatment-resistant

depression

37%

Remission in
double-blind phase

(real-world:  up to 50ς62%)

Up to 
83%

Response rates in
latest real-world

Multisite RCT 2025

60-70%

Durability of
response at
12 months

ṉ FDA cleared since 2008     ṉ All major commercial insurers     ṉ VA & Medicare coverage     ṉ NOT experimental

George et al. Arch Gen Psychiatry 2010 | O'Reardon et al. Biol Psychiatry 2007 | Tendler et al. Psychiatry Res 2023



2 N D  G E N E R A T I O N  T M S

Theta Burst Stimulation: 3-Minute Sessions, Same Results

STANDARD TMS (10 Hz)

ω 20-40 minutes per session

ω 1,980 pulses delivered

ω 5 days/week ×6 weeks

ω 36 total sessions

THETA BURST (iTBS)

ω 3-9 minutes per session

ω 600ς1,800 pulses

ω Same 5-day schedule

ω Non-inferior efficacy (THREE-D trial, Lancet 2018)

ω Improves clinic throughput

ω Enables accelerated protocols

Blumberger et al., Lancet 2018: THREE-D trial, N=414 τ iTBS non-inferior to 10Hz rTMS for depression



Background: What Is Accelerated TMS?

Traditional TMS

ω м ǎŜǎǎƛƻƴκŘŀȅΣ р ŘŀȅǎκǿŜŜƪ

ω пς6 week total course

ω Ϥолς36 total sessions, with extensions ~56

ω wŜǎǇƻƴǎŜ ǊŀǘŜΥ Ϥрлς60%

ω wŜƳƛǎǎƛƻƴ ǊŀǘŜΥ Ϥолς35%

ω .ǳǊŘŜƴΥ ƘƛƎƘ όǘǊŀǾŜƭΣ ǘƛƳŜύ

ω hƴǎŜǘ ƻŦ ōŜƴŜŦƛǘΥ ǎƭƻǿ

Accelerated TMS

ω aǳƭǘƛǇƭŜ ǎŜǎǎƛƻƴǎκŘŀȅ

ω /ƻƳǇǊŜǎǎŜŘ ƛƴǘƻ Řŀȅǎ ǘƻ ǿŜŜƪǎ

ω {ŀƳŜ ƻǊ ƳƻǊŜ ǘƻǘŀƭ ǇǳƭǎŜǎ

ω wŜǎǇƻƴǎŜ ǊŀǘŜǎ ŎƻƳǇŀǊŀōƭŜ ƻǊ ƘƛƎƘŜǊ

ω wŜŘǳŎŜŘ ǇŀǘƛŜƴǘ ǘǊŀǾŜƭ ōǳǊŘŜƴ ό±{ ǘƛƳŜ ōǳǊŘŜƴΚύ

ω CŀǎǘŜǊ ƻƴǎŜǘ ƻŦ ŎƭƛƴƛŎŀƭ ōŜƴŜŦƛǘ

ω 9ƳŜǊƎƛƴƎ ŦƻǊ ǳǊƎŜƴǘ ƴŜŜŘκǎǘŀōƛƭƛȊŀǘƛƻƴ

Background: What Is Accelerated TMS?



SAINT STEP 1

Individual Target 
Identification (code 
0889T)

Proprietary algorithm identifies 
optimal spot in your brain for 
precise, individualized stimulation

Pre- SAINT Imaging: 
Functional & 
Structural MRI

Approximately 45 - minute 
scan to map the brain using 
our proprietary sequences 
(existing MRI codes apply)

SAINT is the onlyform of TMS that is personalized, rapid-acting therapy, 

combining functional MRI (fMRI)-based treatment guidance with an 

accelerated 5-day TMS treatment protocol

SAINT STEP 2

Intensive 5 - day TMS 
Therapy Protocol (codes 
0890T, 0891T, or 0892T)

Unique theta burst stimulation, 
targeted with real - time image 
guidance, delivered 10x per day 
(10- 12 hr day) over 5 days

Confidential | 26



S A I N T  P R O T O C O L

SAINT: The 5-Day Breakthrough- 3rd Generation TMS

Precision
Targeting

fMRI identifies 
the exact

subregion of 
DLPFC most
negatively 

connected to 
the

subgenual 
cingulate

(depression's 
'hub')

Accelerated
Dosing

10 sessions 
per day

50 min apart
for 5 

consecutive 
days

= entire 
course in 1 

week

High Pulse
Density

1,800 
pulses/ 
session
18,000 

pulses/day
90,000 

pulses total
(vs ~2,000 
standard)

FDA Breakthrough Device Designation Oct 2021  ·  FDA Cleared Sept 2022  ·  First clinical implementation nationally: MUSC (Short, 2024)







SAINT RESULTS



S A I N T  R E S U L T S

SAINT Results: What the Data Show

79%
Remission Rate

(vs. 13% sham)
in the pivotal RCT

Cole et al.,
Am J Psychiatry 2022

5 days

Complete acute treatment course τ
patient returns to function quickly

Remission onset

Many patients report improvement
within 2ς3 days of treatment

MUSC first

Dr. Short led first national clinical
implementation of SAINT in 2024

Biomarkers

fMRI targeting also reveals
predictors of response



Stanford RCT Replication: New 2026 Study
ÅDesign: Double-blind, sham-controlled RCT replication study evaluating SAINT in a 

larger randomized sample of subjects (n=48) with treatment-resistant, moderate-to-
severe depression
ÅPrimary Endpoint: Depression remission at 1 mo. (MADRS <10)
ÅSecondary: Response rate per MADRS reduction; analysis of EEG activity

ÅPatients : Diagnosis of moderate-to-severe depression (>20 MADRS), treatment 
resistant (4.5+1.8 lifetime failed treatments), with current depressive episode 4.9+5.2 
yrs

ÅOutcomes : Remission of 50% in SAINT tx arm vs. 20.8% in sham arm (p=0.035)
ÅNo SAEs, and longitudinal analysis showed clinically significant improvement in treatment 

arm at all time points 
ÅEEG changes in L-ACC beta power correlated with greater MADRS reduction in treatment arm, 

but not in sham group

Kratter , I.H., Austelle , C.W., Lissemore, J.I., Wada, M., Geoly, A., Chaiken, A., Kaloiani , I., Johnson, N., Wan, S., Kozyr, L., Makarewycz , E., Wong, B., Sridhar, M., Espil, F.M., Bassano, N., Kim, B., Ehrie, J., Maron-Katz, A., 
Tischler, C., Nejad, R., Batail , J.-M., Phillips, A.L., Cole, E.J., Ford, T.J., Bentzley, B.S., Jo, B., Schatzberg, A.F., Spiegel, D., Rolle, C., Sahlem, G.L. and Williams, N.R. (2026), Stanford neuromodulation therapy for treatment -
resistant depression: a randomized controlled trial confirming efficacy, and an EEG study providing insight into mechanism of action and a potentially predictive biomarker of efficacy. World Psychiatry, 25: 105 -
116. https://doi.org/10.1002/wps.70032 Confidential | 32

https://doi.org/10.1002/wps.70032


MUSC SAINT 2025 data

remitter 54% 20

responder 32% 12

NR 14% 5

N=38



ACC- ant insula connectivity signaling reverses with 
SAINT TMS antidepressant response 

Seed Baseline Posttreatment

Unpublished Mitra 2022













P A T I E N T  E X P E R I E N C E

What Patients Experience with Accelerated TMS

Day 1

5 sessions

Baseline assessment
First 5 sessions

~5 hours in clinic

Days 2ς6

5×/day

Flexible scheduling
җрл Ƴƛƴ ōŜǘǿŜŜƴ
All within 2 weeks

Weeks 3ς6

2×/week

Continuation phase
1 day per week

Outpatient, brief

Week 6

~88% response

Primary outcome
Back to normal
quality of life

Quality of Life (Q-LES-Q): 85ςмлл҈ ƻŦ ǇŀǘƛŜƴǘǎ ƘŀŘ {9±9w9 ƛƳǇŀƛǊƳŜƴǘ ŀǘ ōŀǎŜƭƛƴŜ Ҧ ƻƴƭȅ мрς17% at 6 weeks

Work (65% improvement)  |  Social relationships (54ς75%)  |  Family (62ς69%)  |  Overall satisfaction (65ς78%)



F O R  E A P  L E A D E R S

Why Accelerated TMS Protocols=Workforce Game-Changer

Removes the Burden
of Daily Clinic Visits

Standard TMS = 30+ visits over 6 weeks.
Accelerated = 5 (SAINT) ς10 (SWIFT) visits total.
Patients can complete treatment from 1 week (SNT) to 2 weeks + 
taper 1 visit a week for 4 weeks(SWIFT).

Shortens Disability
Duration

Faster remission 5 days (SAINT)  to 21 (SWIFT) means
earlier return to work and function.
Direct impact on short-term disability
claims and productivity losses.

Expands Access
for Underserved

Rural employees, caregivers, shift workers
cannot do daily TMS.
Flexible scheduling addresses the #1
barrier to TMS utilization.

Anxiety Improves Too

ACC-iTBS produced 67.5% remission in
anxiety (CUXOS).
Anxious depression τcommon in workforce
τ responds strongly to TMS.





Taylor JJ, et al 2026.

Connectivity Targets Matter!



rTMS saves moneyéNext is SAINT & SWIFT

Relative to the non-rTMScohort, the rTMS
cohort incurred:
ƴ37% more hospital outpatient visits with 
7% higher outpatient cost
ƴ24% fewer inpatient admissions
ƴ19% lower inpatient admission costs
ƴ48% fewer emergency room visits
ƴ34% lower emergency room costs, and
ƴ$893 less in episode of care costs.





E C T  U P D A T E

ECT in 2026: Not Your Grandfather's Electroshock

ECT is the most effective treatment for severe, treatment-resistant depression τand it has been transformed.

THEN

ṍ Bilateral electrode placement

ṍ Sinewave  pulse width

ṍ 30ς40% memory impairment

ṍ Cultural stigma

ṍ One-size protocol

NOW

ṉRight unilateral (RUL) placement

ṉUltrabrief pulse τsame efficacy

ṉMemory side effects dramatically reduced

ṉResponse: 65ς80% even in severe TRD

ṉ FEAST (focal ECT): MUSC innovation

ECT is broadly covered, cost-effective in severe cases, and prevents far more expensive hospitalizations.



Electroconvulsive Therapy (ECT)

During ECT τProtocol

Anesthesia

Propofol 1mg/kg · Methohexital 1mg/kg · Etomidate 0.15mg/kg

Muscle Relaxant

Succinylcholine 1mg/kg · Atracurium 400-500mcg/kg

Anticholinergic

Glycopyrrolate 0.2mg · Atropine 0.4mg

Monitoring

Continuous cardiac (ECG) + EEG throughout

Dosing Strategy

CƛƴŘ ǎŜƛȊǳǊŜ ǘƘǊŜǎƘƻƭŘ Ҧ ǘǊŜŀǘ ŀōƻǾŜ ǘƘǊŜǎƘƻƭŘ Ҧ ŀŘƧǳǎǘ ōȅ ǎŜƛȊǳǊŜ 
duration/morphology

Electrode Placement & Outcomes

Bitemporal (BL) 65%

Original standard; higher cognitive fx

Right Unilateral 65% (high dose)

6×seizure threshold = equal to BL with fewer cognitive effects

Bifrontal (BF) ~60%

Intermediate option; fewer side effects than BL

FEAST or RAFT Similar to RUL

Focal direct-current ECT; 5.5 min mean recovery time (MUSC)

Sackeim HA et al. Arch Gen Psych 2000 · Sahlem 2020, Brain Stimulation

Still no driving, No working
10-14 sessions
3x week for a month





What is VagusNerve Stimulation (VNS) 
Therapy?

ÅMild pulses applied to the 
left vagusnerve in the neck 
send signals to the brain

Å Automatic intermittent 
stimulation

Å Simple in-office dose 
adjustment

Å Assured treatment 
adherence

Å FDAApproved for Epilepsy, 
Class I evidence

 

From Higgins and George, Brain Stimulation Therapies for Clinicians, 2008, APPI Press.



VNS with TAU delivered superior response and remission rates 
vs. TAU alone over 5 years1

Efficacy analysis conducted on intent-to-treat population. *Response rate defined as decrease of Ó50% from baseline in MADRS score at any post-baseline visit during the study. **Remission based on MADRS 
score Ò9 at a post-baseline visit, a QIDS-SR score Ò5 at a post-baseline visit, and a CGI-I score of 1 at a postbaseline visit. ITT population was used for efficacy analysis.

1. Aaronson ST, Sears P, Ruvana F, et al. Am J Psychiatry. 2017;174:640-48.
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1. Conway CR. et al. Contemporary Clinical Trials (2019). 
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Longitudinal Registry 
(Section C of Protocol)

Longitudinal Registry Starts OnlyWhen RCT 
Reaches 95% Predictive Probability of Success 

Separate Longitudinal Registry Triggers 
for Unipolar & Bipolar Subgroups
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Months
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RCT + Follow-up Study 
(Section B of Protocol)

Control Patients 
Activated at 

12M

51

Active VNS demonstrated significantly more percent time in response on the CGI-I (P=0.004)
and QIDS-SR (P=0.049), and significantly more percent time in partial response (PR; symptom improvement
җол ҈ύ ƻƴ ǘƘŜ /DL-I (P <0.001) and QIDS-C (P=0.006) versus sham VNS. Active VNS exceeded sham VNS in
rate of dyspnea (P=0.035), a known side effect of VNS.

RECOVER Trial





Intermittent Epidural Cortical 
StimulationÅ Strips of electrodes on the 

ōǊŀƛƴΩǎ ǎǳǊŦŀŎŜ
Å Less invasive
ÅAll 5 patients continued to 

tolerate the therapy. 
ÅThree of 5 (60%) subjects 

continued to be in 
remission at 5 years. 

ÅThis study was initiated at 
MUSC and work continues 
in Minnesota







Defining Obsessive-Compulsive Disorder (OCD)

OCD is a psychiatric disorder defined by:

Obsessions:recurrent, unwelcome thoughts

ωFear of dirt, germs, contamination

ωFear of acting on violent or aggressive impulses

ωFeeling overly responsible for the safety of others

ωAbhorrent religious and sexual thoughts

ωInordinate concern with order, arrangement and symmetry

Compulsions:repetitive behaviors

ωPerformed in response to obsessions

ωExcessive washing (hands/bathing), cleaning, checking, touching, counting, 
arranging, ordering, or hoarding

ωThese ritualistic behaviors seem to lessen the distress from obsessions 
(but is short term at the long-term cost of frequent repetition)



Fronto-Striato-Thalamo-Frontal 
Circuit

TH = Thalamus

OCF = Orbitofrontal Cortex

CN = Caudate Nucleus



Deep TMS 

for OCD

Carmi, et al 2019
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Registry Trial - Real World Evidence: majority of OCD patients achieved 
response*

72.6%
57.9% 52.4%

First Response Response Sustained
Response

Post-market study conditions

Å22medical centers worldwide

Å219OCD patients analyzed

Å121 OCD patients received 29 sessions

Among patients who completed a 
treatment course of 29 sessions
>1 in 2 achieved Response

Examined clinically relevant endpoints

More treatment 
sessions=improved outcomes
Average YBOCS scores demonstrated continuous 
reductionwith increasednumbersof DeepTMS
sessions. (29-40)

�Ž�Z���•�‰�}�v�•���W���H�ï�ì�9���Œ�����µ���š�]�}�v���]�v���z���K���^���•���}�Œ�����(�Œ�}�u�������•���o�]�v��

Roth Y. et al.Real-world efficacy of deep TMS for obsessive-compulsive disorder: Post-marketing 
data collected from twenty-two clinical sites.J. Psychiatric Research.4 Nov 2020

First time YBOCS 
score met 
response criteria җ30% reduction in YBOCS 

score from baseline
to endpoint (29 sessions)

At least one-month 
having met 
response criteria


