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Objectives

1. List the available Brain Stimulation therapies and 

their indications

2. Describe recent advances in the field of Brain 

Stimulation

3. Understand how Brain Stimulation options may be 

applicable for patients in clinical practice



What is brain stimulation?



tDCS rTMS MST ECT DBS

Type of 

Stimulation

Electrical Magnetic Magnetic Electrical Electrical

Convulsive ✘ ✘ ✓ ✓ ✘

GA ✘ ✘ ✓ ✓ ✓
(Surgical

implantation)

Mechanism of 

action

Subthreshold 

modulation of 

membrane

potential

Activation of 

inhibitory 

interneurons

Focal activation of 

inhibitory 

interneurons

General activation 

of pyramidal 

neurons

Activation of local 

circuit

Therapeutic Brain Stimulation



tDCS rTMS MST ECT DBS

Type of 

Stimulation

Electrical Magnetic Magnetic Electrical Electrical

Convulsive ✘ ✘ ✓ ✓ ✘

GA ✘ ✘ ✓ ✓ ✓
(Surgical

implantation)

Mechanism of 

action

Subthreshold 

modulation of 

membrane

potential

Activation of 

inhibitory 

interneurons

Focal activation 

of inhibitory 

interneurons

General

activation of 

pyramidal 

neurons

Activation of 

local circuit

Electroconvulsive therapy (ECT)

Only 1% of patients receive ECT



Indications for ECT

• Treatment-refractory conditions

• Severe or life-threatening psychiatric illness

• Most often used for the treatment of medication-resistant depression (MDD) 



Indications for ECT

• Resistant MDE with or without psychosis, Unipolar or Bipolar

• Refractory Mania

• Resistant Psychosis (Schizophrenia, SCZA)

• Refractory OCD

• Catatonia

• Parkinson’s Disease

• Refractory Status Epilepticus



Contraindications to ECT

• There are no absolute contraindications to ECT

• Relative contraindications do exist

– When should we wait?

– When should we proceed with caution?



Relative Contraindications to ECT

• Intracranial lesion with mass effect

• Recent stroke (less than 1 month)

• Recent MI (less than 1 month)

• Unstable aneurysm or vascular malformation

• Recent orthopedic injury with unstable fracture/dislocation (less than 1 month)

(APA Guidelines 2001, Tess et al. 2009)



Morbidity & Mortality

• Mortality – 2.1 per 100,000 (Torring et al, European Psychiatry, 2017)

– Meta-analysis of 14 studies, 757,662 ECT treatments

– Risk of death associated with GA+surgical procedure = 3.4/100,000

• May induce manic state
– 5-6% patients with bipolar disorder

– Continue to treat with ECT 

• Risks of general anesthesia
– Mortality

– Malignant hyperthermia/Allergic reaction

– Cardiovascular event 

– Aspiration



1. Post-ictal confusion

2. Transient hypertension

3. Cardiac changes

a. Bradycardia → asystole (transient)

b. Ectopy/ST changes

4. Headache

5. Muscle pains (jaw pain)

6. Nausea

7. Anterograde and retrograde amnesia**

Side Effects



Minimizing Cognitive S/E

1. Electrode position

– Bitemporal vs. Unilateral

2. Pulse Width

– Standard vs. Ultrabrief

3. Concomitant medications

4. Anaesthetic doses

5. Stimulus intensity

– Barely suprathreshold vs. Above threshold

6. Frequency of treatment

– 2x/wk vs 3x/wk

(APA Guidelines 2001, Bundy et al. 2010, Shapira et al. 1998, 
Kellner 2010)



Acute/Continuation/Maintenance

A typical course of ECT

(Kupfer DJ., J Clin Psychiatry. 1991; 52:28)

• Acute Course
– 6-18 treatments

– 2-3 x per week

• Continuation Course
– To prevent relapse

– Fixed schedule vs. Symptom Titration (STABLE)

• Maintenance Course
– Unlikely in depression

– Little evidence to stretch ECT session interval past q4 

weeks

– In rare cases can be helpful to maintain mood. 



Relapse following Response to ECT

Relapse rates over 24-week trial:

• Placebo - 84%

• Nortriptyline - 60%

• Nortriptyline + Lithium - 39%

“…almost universal relapse should be 

expected without effective continuation 

therapy…”

(Sackeim et al 2001, Prudic et al 2004)



CORE I: Relapse Status at 6 Months
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(Kellner CH, et al., Arch Gen Psychiatry. 2006)

• Relapse-free Survival at 2yrs:

– Continuation ECT + Meds - 93%

– Meds alone - 52%

• Relapse-free Survival at 5 yrs:

– Continuation ECT + Meds - 73%

– Meds alone - 18%

(Gagne GG et al. Am J Psychiatry, 2000)
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Repetitive Transcranial Magnetic Stimulation (rTMS)



Neural Plasticity



1. A paddle with loops capable of carrying 

electric current is held on the head 

2. A current travels through the loops,  

generating a magnetic field perpendicular to 

the paddle. The field is strongest where the 

coils meet 

3. Bursts of current cause changes in the 

magnetic field

4. Changes in the magnetic field induce an 

electric current in the brain that stimulates 

neurons 

5. Moving the paddle changes the location of 

the induced current 

Electric 
current

Magnetic Field

Electric field

Synchronous 
neuronal firing

Mechanisms of rTMS



• Health Canada approved treatment for MDD

• Well established efficacy

rTMS for Major Depressive Disorder

(Brunoni et al., JAMA, 2016) 



Benefits and Challenges of rTMS

Benefits 

• Less invasive than ECT 

• Minimal side effects 

• No anesthesia (can continue daily 

activities as normal – encouraged)

Challenges

• Commitment 

• Daily travel, accessibility

• Side Effects 

• Pain 

• Headaches

• Fatigue 



Spontaneous Adverse Events with rTMS

Patients Reporting, No (%)

Active rTMS group 

(n = 92)

Sham rTMS Group 

(n = 98)

Headache 29 (32) 23 (23)

Discomfort at the 

stimulation site 

17 (18) 10 (10)

Insomnia 7 (7.6) 10 (10)

Worsening of depression 

or anxiety 

6 (7) 8 (8)

Gastrointestinal 6(7) 3 (3)

Fatigue 5 (5) 4 (4)

Muscle aches 4(4) 4 (4) 

Vertigo 2(2) 2 (2) 

Skin pain 1 (1) 1 (1) 

Facial muscle twitching 0 1 (1) 

Other 18 (20) 15 (15)



More likely 
• Previous euthymia

• No chronic anhedonia

• Mild to moderate symptoms

• No evidence of psychosis

• Fewer treatment trials

• Not on benzodiazepines

• Not on anticonvulsants

Less likely
• Dysthymia without depression

• Chronically anhedonic

• Previous non-response to rTMS or ECT

• Ambivalent commitment to rTMS

• Active and un-minimized stressors

• On benzodiazepines or anticonvulsants

Who might benefit from rTMS?

(McClintock, J Clin Psychiatry, 2018)



• Mimics endogenous theta 

rhythms which induces 

neuroplasticity in the brain

• 1/10th of the time (3min) 

compared to standard rTMS

Recent Developments – Theta Burst Stimulation 

(TBS)



Recent Developments - Synchronized TMS (sTMS)

• Pulses delivered in conjunction with EEG

• Synchronized with alpha rhythm

• Low intensity sinusoidal waveform

(Leuchter et al, Brain Stimulation, 2015)



• 10 iTBS sessions/day x 5 days 

• 18,000 pulses/day

• 3x dose of FDA approved iTBS protocol

• fMRI guided individualized 

neuronavigational target

• 85.7% response, 78.6% remission

Recent Developments – SNT Protocol

(Cole et al, AJP, 2019, Cole et al, AJP, 2021)



rTMS for Late-Life Depression

(Blumberger et al, JAMA Psychiatry, 2022)



rTMS for Bipolar Depression 

• rTMS is better than sham

• No consensus on optimal paradigm or parameters

(Nguyen et al, Journal of Affective Disorders, 2021)



tDCS rTMS MST ECT DBS

Type of 

Stimulation

Electrical Magnetic Magnetic Electrical Electrical

Convulsive ✘ ✘ ✓ ✓ ✘

GA ✘ ✘ ✓ ✓ ✓
(Surgical

implantation)
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potential
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pyramidal 

neurons

Activation of 

local circuit

Deep Brain Stimulation (DBS)



(Krauss et al, Nat Rev Neurol, 2021)



DBS for MDD

(Dandekar, Mol. Psych., 2018, Kisely et al, Dep & 

Anxiety, 2018)
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Electrical Stimulation - tDCS & tACS



tDCS/tACS

• Noninvasive electrical stimulation applied to the 

scalp

• Low amplitude direct or alternating current

• Thought to induce changes in cortical 

excitability

• With guidance, can be used at home

• No seizures

• Minimally invasive, few side effects

• Drowsiness, headache, skin itching at site of 

stimulation

• Most side effects avoided with proper technique



SELECT Trial

(Brunoni et al, JAMA Psych, 2013)



Opportunity for At Home Brain Stimulation
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Magnetic Seizure Therapy (MST)



CREST Trial – Comparing MST with ECT

(Daskalakis et al, Trials, 2021)



MST for Treatment Resistant Depression

(Daskalakis et al, Neuropsychopharm, 2020)



MST for Bipolar Depression

(Tang et al, Biological Psych, 2021)



Future Directions



Establishing Biomarkers to Guide Treatment



Personalizing rTMS



Connectivity-Based rTMS

(Liston et al, Neuron, 2022)



Establishing Biomarkers to Guide Treatment



The Goal
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