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LEARNING OBJECTIVE

Understand the mechanism of action of 

ketamine 

Describe the evidence for ketamine's 

antidepressant effects

Appreciate key limitations of our 

knowledge for this emerging treatment



Broad-spectrum agents
(multiple action)

More selective agents
(single action)

Novel agents 
affecting multiple 

monoamine 
targets

EVOLUTION OF ANTIDEPRESSANTS1,2

1960s 1970s 1980s 1990s 2000s 2010s

Imipramine Clomipramine Maprotiline Fluoxetine Nefazodone* Escitalopram Vilazodone

Nortriptyline Amoxapine Sertraline Mirtazapine Duloxetine Levomilnacipran

Amitriptyline Paroxetine Venlafaxine Desvenlafaxine Vortioxetine

Desipramine Fluvoxamine Moclobemide

Phenelzine Citalopram

Isocarboxazid Bupropion

Tranylcypromine

TCAs

MAOIs

SSRIs

SNRIsNDRI

α2-adrenergic antagonist

5-HT2 antagonist RIMA

Modulator of serotonergic neurotransmission

*Withdrawn from the Canadian market
5-HT: 5-hydroxytryptamine; MAOI: monoamine oxidase inhibitor; NDRI: norepinephrine–dopamine reuptake inhibitor; RIMA: reversible monoamine oxidase inhibitor; SNRI: selective norepinephrine reuptake inhibitor; SSRI: selective serotonin 
reuptake inhibitor; TCA: tricyclic antidepressant
1. Lam RW et al. J Affect Disord. 2009; 117(Suppl 1):S26-43;
2. Health Canada. Health Product Information. Available at: https://health-products.canada.ca/dpd-bdpp/info.do?lang=en&code=91734. 
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1950 -
observing 

anti-
depressant 

‘side effects’ 
of iproniazid

https://health-products.canada.ca/dpd-bdpp/info.do?lang=en&code=91734


Beyond Monoamines: FDA Approval for 

Three Non-Monoaminergic Antidepressants

 Esketamine Nasal Spray (glutamate)

 Combination of Dextromethorphan and 

Bupropion (glutamate)

 Brexanolone (neuro-steroid and GABA-A)

An exciting time for psychiatry! 



Ketamine for TRD: Mechanism of Action

 Ketamine is an NMDA 

antagonist used 

clinically as an 

anesthetic agent

 Mechanism of action for 

antidepressant effects 

remains controversial, 

but broadly exerts its 

effects through 

modulation of the 

glutamate system

Niciu et al. Annual Review of Pharmacology and Toxicology. 2014.
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Table created by Joshua Rosenblat for McIntyre, Rosenblat, et al. Ketamine Guidelines. AJP. 2021.





International Ketamine Guidelines 

(McIntyre, Rosenblat, et al., AJP, 2021)

 Intravenous (IV) ketamine and intranasal (IN) esketamine now 

have Level 1 evidence for acute efficacy in adults with TRD. 

 Clinically relevant adverse effects of ketamine infusions include 

psychological (e.g., dissociative symptoms) and physical (e.g., 

hypertension, nausea) changes. 

 There is insufficient evidence to routinely recommend other 

formulations of ketamine (oral, intramuscular, subcutaneous). 

Oral ketamine has some positive preliminary results. 

 Consensus recommendations are given for clinical 

administration of IV ketamine including patient selection, 

facility and personnel issues, monitoring requirements, and 

maintenance of response. 
10



Does Route of Administration Matter?

Table created by Joshua Rosenblat for McIntyre, Rosenblat, et al. Ketamine Guidelines. AJP. 2021.



Does Route of Administration Matter?

Table created by Joshua Rosenblat for McIntyre, Rosenblat, et al. Ketamine Guidelines. AJP. 2021.

• Only IV ketamine and IN esketamine

are considered evidence based 

options 

• Level 1 data supports moderate to 

large antidepressant effects with IV 

ketamine and IN esketamine.

• Oral ketamine RCTs yielded mixed 

results and had critical sources of 

bias identified. 



Meta-Analysis Results Pooling Together 21 RCTs of 

Ketamine for Depression

McIntyre,…,Rosenblat. JAD. 2020.



Meta-Analysis Results Pooling Together 21 RCTs of 

Ketamine for Depression

• 21 RCTs demonstrated robust & rapid 

antidepressant effects in TRD (p<0.0001)

• Level 1 data supports moderate to large 

antidepressant effects with IV ketamine 

and IN esketamine.

• Evidence supports anti-suicidality effects

McIntyre,…,Rosenblat. JAD. 2020.



Ketamine for Bipolar TRD:

Preliminary data from open label sample (n=55)

0%
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Post-Infusion 1 Post-Infusion 2 Post-Infusion 3 Post-Infusion 4

Response Rate (≥50% QIDS-SR16 decrease)

Remission Rate (QIDS-SR16 ≤ 5)

Fancy,…,Rosenblat, in review



Ketamine for Bipolar Depression 

 Appears to be especially promising and effective 

with low risk for treatment emergent mania or 

psychosis based on preliminary results

 Pilot findings used to obtain two grants:

Repeated Ketamine Infusions for Treatment-

Resistant Bipolar Depression: A Randomized, 

Midazolam-Controlled Clinical Trial (Funded by 

CIHR; 2021-2024)

Maintenance Ketamine Infusions for Treatment-

Resistant Bipolar Depression (Funded by PSI; 

2021-2024)



Real-world effectiveness of ketamine in treatment-

resistant depression: A systematic review & meta-

analysis (k=79)

Alnefeesi,…, Rosenblat, 2022. 

Real world effectiveness of IV ketamine was comparable to observed efficacy in RCTs, suggesting that 

previous RCT findings are likely generalizable to clinical practice in a difficult to treat population, 

including more resistant and complex subgroups



Ketamine Decreases Suicidal Thoughts 

(mood-independent effect)

Wilkinson et al. Am J Psych. 2018 Feb 1;175(2):150-158.

Ketamine

Control



Evidence for IN Esketamine
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Papakostas et al., 2020



Evidence for IN Esketamine
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Papakostas et al., 2020

53% Response and 

39% Remission 

Rate for TRD



Sustained Antidepressant Effects With 

Repeated Doses of Intranasal Esketamine

Daly et al. JAMA Psychiatry. 2018;75(2):139-148.
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Clinicaltrials.gov

Interventional trials investigating 
ketamine and esketamine in psychiatric 

disorders

(n=194)

Treatment Trials

(n=157)

Suspended (n=1)

Withdrwan (n=11)

Terminated (n=15)

Esketamine

(n=23)

ketamine

(n=107)

Basic Science

(n=19)

Supportive/preventive 
(n=5)

Retrospective

(n=2)

Diagnostic/Observerati
-nal

(n=5)

ketamin abuse

(n=4)

Healthy volunteer 

in experimenting arm

(n=2)

>100 ongoing 

clinical trials 

assessing the use 

of ketamine and 

esketamine in 

psychiatry

Pevoreh,…, Rosenblat. J Psyc Research. 2020



What is the safety and tolerability 

profile of ketamine for depression?
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Side Effect During Infusion n(%) After Infusion n(%)

Nausea 47 (13.9) 38 (11.1)

Vomiting 1 (0.29) 8 (2.50)

Dizziness 153 (48.2) 152 (49.2)

Headache 42 (13.2) 59 (19.3)

Double Vision 69 (20.8) 58 (18.8)

Blurred Vision 105 (31.9) 92 (29.8)

Drowsiness 184 (57.1) 164 (53.1)

Confusion 141 (43.5) 78 (25.1)

Jerky muscle movements 18 (5.42) 7 (2.3)

Depersonalization 113 (38.2) 54 (17.6)

Derealization 119 (40.8) 51 (16.7)
24

Rodrigues…Rosenblat, 2021
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McIntyre, Rodrigues…Rosenblat, 2021

• Slow motion

• Disconnected 

from body

• Things seem 

unreal

• Spaced out or 

lost track of 

time



Dissociation Poorly Predicts Response

Luckenbaugh et al. J Affect Disord. 2014.
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Key point: 

You do NOT need to dissociate to have 

antidepressant effects.  

Antidepressant effects do NOT rely on 

a dissociative epiphany or insight to 

gain benefits. This is a very common 

misconception. 



How About Ketamine Assisted 

Psychotherapy (KAP)?

 24 RCTs support the use of ketamine for TRD

 ZERO published RCTs support the use of KAP for any 
indication

 Lack of research does not mean it is ineffective

 A couple case series on KAP, however, unable to say if the 
therapy added any benefit

 Off label KAP is problematic as it is not evidence-based 
and inappropriately draws focus to the dissociative 
episode

 Dissociative symptoms are NOT predictive of 
antidepressant effects. Focusing on producing a 
dissociative experience can lead to inappropriate doses of 
ketamine when targeting dissociation rather than 
antidepressant effects



Current Ketamine Projects Underway

 Acute treatment of TRBD RCT (n=100)

 Maintenance IV ketamine for BD (n=50)

 Ketamine+CBT for suicidality (n=140)

 PGx predictors or response and adverse effects 

(n=100)

 Evaluation of switch protocols from different 

routes of administration (n=200)

 Ketamine versus ECT for TRD (n=240)

 Comparative efficacy of different routes of 

administration (observational)

 Three psilocybin trials



Summary

 IV ketamine and IN esketamine have strong evidence 

for rapid and robust antidepressant and anti-SI 

effects in TRD with many more ongoing trials

 Numerous difficult to treat subgroups have real world 

evidence to support effectiveness

 Careful patient selection and infrastructure are 

essential with evolving considerations

 Depression Centre has several active and upcoming 

ketamine trials (refer to Depression Centre attention 

Joshua Rosenblat)
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