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Current State of the Art for TR Depression

Melancholy by Albert György







• Psychiatry 1.0

• Era of Mental 
Content

• Psychotherapy

• Psychiatry 2.0

• Era of the Synapse

• Psychopharmacology

• Psychiatry 3.0

• Era of Brain Circuitry

• Circuit targeted 
modulation 

• Encompasses and 
transforms our 
understanding of 
Psychiatry 1.0 and 2.0 
through brain circuitry

• Interventional 
Psychiatry

Taylor, Williams, George 2016















Psychiatry 3.0: All Neuropsychiatric Diseases 
Are Disorders of Distributed Neural Networks

“Neurological Conditions”

• Parkinson’s disease

• Tourette syndrome

• Alzheimer’s disease

• Generalized Dystonia

“Psychiatric Conditions”

• Major Depression

• Bipolar Disorder

• Obsessive-Compulsive 
Disorder

• Post Traumatic Stress 
Disorder



Ketamine Antidepressant Efficacy

• First study of ketamine as an antidepressant demonstrated a 50% 
response rate (Berman 2000).

• A recent meta-analysis demonstrated response and remission rates 
for  ketamine at 24 and 72 h, and day 7 of 52.2% and 20.6%; 47.9% 
and 23.8%; and 39.8% and 26.2%, respectively (Han 2016).

• A recent study demonstrate anti-suicide response rate of 55% for IV 
ketamine (Grunebaum 2017).

• Until recently, there have been no human studies demonstrating the 
mechanism of action for ketamine as an antidepressant (Williams 
2016).



Naltrexone Pretreament Blocks Ketamine’s 
Antidepressant Effect in Ketamine Responders

• Time course of HDRS17 scores (mean ± SEM) 
for patients in 2 conditions ketamine + placebo 
(KET+PBO) and ketamine + naltrexone 
(KET+NAL).

• KET+NAL scores were significantly attenuated 
at Day 1 and Day 3 compared to KET+PBO 
(p=0.0006).

• 6 of 7 patients were remitters (HDRS17≤ 7) at 
Day 1 with KET+PBO and 0 of 7 patients were 
responders at Day 1 with KET+NAL.

Williams, AJP, 2018



16

● Traumatic brain injury (TBI) is the “signature injury” of Iraq and Afghanistan 
Conflicts.  Among Veterans of these recent conflicts, almost half (46%) 
screened positive for TBI (Morissette et al., 2011). 

● Special Forces are at increased risk for TBI compared to conventional 
military (approximately 22% higher prevalence) (Garcia et al., 2021).

● A substantial portion of those affected by TBI develop symptoms that last 
for months or years (Vanderploeg et al., 2007).

● TBI is highly comorbid with PTSD (33-39%) (Carlson et al., 2009). 
Psychosocial and functional impairments are common in both disorders.

● The rate of PTSD among Special Operations Forces is almost double 
compared to conventional Army (Hing et al., 2012)

● Both TBI &  PTSD associated with suicidal ideation (Wisco et al., 2014)

The Problem 
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● Suicide in veterans is currently at the highest level in recorded history 
(Inoue et al., 2022)

● Veterans make up 20% of suicides in the US (Reisman, 2016).  

● Special Operations Forces have the highest rates of death by suicide 
compared to both conventional military and general population 
(USSOCOM)

● Suicide rates among Special Operations forces are approximately 30% 
higher than the conventional military (SOAA.org/study-sof-suicides-
military/)

The Problem 



Study Population - 30 Special Operations Veterans 

Baseline 
(3 days pre-ibogaine)

Clinical assessment 
(PTSD, depression, 

anxiety)

Cognitive functioning 

MRI/EEG

● Male; Age: 33 - 58; Years of service: 17.5 (mean) ± 7 (SD) 

● Average of 5 combat deployments  

● All participants met criteria for Traumatic Brain Injury (TBI) diagnosis by history, as 
assessed by a neuropsychologist. 
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Immediate (4 days) and 
1-month post

Clinical assessment 
(PTSD, depression, 

anxiety)

Cognitive functioning 

MRI/EEG

Ibogaine 
treatmen

t in 
supervise

d and 
supporte
d setting
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Substantial Symptom Alleviation Following Magnesium-Ibogaine

*
*
*

*
*
*

*** FDR corrected p (Baseline vs 1-Month) < 0.001; Cohen’s d > 2 

Baseline (n=30)

3-Day Post (n=30)

1-Month Post (n=30)
6-Months Post (n=21)

*
*
*

PTSD Depression Anxiety
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Severe

Moderate

Mild

Severe

Moderate

Mild

Severe

Moderate

Mild

PTSD
One month following magnesium-ibogaine, 
over 80% of veterans were within the healthy 
range in all three scales (PTSD, depression, 
anxiety).

At six months follow up, over 80% were within 
the healthy range for PTSD and Anxiety; over 
70% for depression. 

Depression Anxiety

Substantial Symptom Alleviation Following Magnesium-Ibogaine

Baseline Immediate 
Post

One-Month 
Post

Six-Months 
Post

Baseline Immediate 
Post

One-Month 
Post

Six-Months 
Post

Baseline Immediate 
Post

One-Month 
Post

Six-Months 
Post



Reduced Disability Following Magnesium-Ibogaine

Disability was measured 
using the world health 
organization self report 
scale (WHODAS)

Over 90% of veterans 
were within the 
healthy range (below 
mild disability) at 1-
month and 6-months 
post



Reduced Moral Injury and Suicidal Ideation





Probing Psychiatric Illness



Conventional Repetitive 
Transcranial Magnetic Stimulation



Transcranial Magnetic Stimulation Device versus Transcutaneous Cardia Pacing Device



First Generation Stimulation Parameters

• The first reported patient received excitatory left 
dorsolateral prefrontal cortex in 1995 (L DLPFC) 
stimulation (George 1995).

•  L DLPFC target selected based off of converging 
clinical and neuroimaging evidence (George 1994).

• Parameters derived from motor physiology findings 
(Pascual-Leon, 1994).

• The parameters evolved over time with longer 
duration, higher intensities, and more pulses per 
day producing greater efficacy.





Original FDA Approved rTMS Parameters

• Frequency: 10Hz 

• Pulse Potency: 1X

• Train Duration: 4 seconds 

• Inter-train Interval: 26 seconds 

• Pulse Dose/session: 3000 pulses/session

• %MT: 120% rMT

• Sessions/day: 1

• Sessions/week: 5 

• Sessions/course: 30

• Pulses/course: 90,000 pulses

• Target: L DLPFC 

• Targeting: skull-based measurements



First Generation Stimulation Parameters

• In open label settings, ~30% remit and ~50% 
respond after this course. 

• 62% of patient maintain response/remission at 6 
mo and that increases to 84% if mTMS added in.

• Recent data suggests more pulses may increase 
efficacy (Yip 2017).









Outputting Targets to Neuronavigation





Protocol

Target

• Area of L-DLPFC with maximum negative connectivity 
with subgenual cingulate (resting state fcMRI)

• Neuronavigation equipment for targeting

Stimulation

• Intensity: 90% RMT

• Pattern: iTBS (50Hz bursts at 5Hz, 2s trains, 8 second 
intervals)

• Session duration: 10 min = 1,800 pulses

• Sessions per day: 10, 1 session every 60 min (18,000 
pulses per day)

• Days: 5 days (90,000 pulses total)







Demographics

Cole, 2020



Results

Cole, 2020



Primary 
Outcome

71% 79% 85% 69% 69%

Cole AJP 2022



13.33%78.57% Cole AJP 2022



% MADRS change

Cole AJP 2022





Suicidal Inpatients



Demographics

Participant info Mean (SD)

N 12

Gender (male:female) 10:2

Age 49.67 (16.81)

Age of onset of depression 29.22 (21.08)

Number of antidepressant failures (lifetime) 4.92 (3.37)

Number of adjunctive medications (lifetime) 0.73 (.65)

Number of participants attempted rTMS 1

Number of participants attempted ECT 3

Maudsley Staging Method Score 9.50 (2.58)

Number of previous suicide attempts 1.58 (1.38)

Number of previous hospitalizations 1.83 (1.53)



aiTBS vs ECT



Change in SI



Change in SI
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1 Goal: Find Relief 

The BSL People 

6 Faculty Members

13 Post-Doctoral Fellows

24 Staff Employees

3 Clinical Trainees 

14  Countries

15 Expertise 

12 Active Studies 



Funding



Interested in a post doc? 

• Email: nolanw@stanford.edu
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