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Demands for Treatment

• In 2003, spending on prescription medications totaled $179.2 billion -

11% of national health expenditures

• 1996 to 2001, spending on psychotropics almost tripled from $5.9 million 

to $14.7 million, more rapidly than other class 

• In 2000-2001, sales for antidepressants grew faster than retail sales for 

any other therapeutic class 

• By 2011, GSK, AstraZeneca and Novartis announced closures of 

neuroscience divisions globally

• All available FDA approved antidepressants (until recently) target 

monoamine systems and require 2-3 weeks to work  

• Given the suicide rate with mood disorders better treatments are needed





Depression: A Major Cause of Disability

• 10% of the American population suffer from depression/yr

• 2.3 million people suffer from bipolar disorder

• 4th leading cause of worldwide disease burden in 1990; 
ahead of ischemic heart disease, cerebrovascular, and TB

• Expected to be of the highest causes of disability by 2020

• Mood and cognitive changes relate to a syndrome that 
effects the body through hormonal and ANS changes

• Doubling of the death rate at any age independent of 
suicide, smoking, or other risk factors



The Mortality of Mood Disorders: Suicide

• 8th leading cause of death in the U.S.; > 30,000 deaths/yr

• 80% of severely depressed patients have suicidal ideation

•

• ~ 15% of Major Depression and Bipolar Disorder patients will 

die by suicide

• Patients who die by suicide are untreated or undertreated

• Many patients do not respond adequately to monoamine 

antidepressants
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Hasler et al., 2004, Biological Psychiatry
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Monoamines in Treatment of Depression and Anxiety

Serotonin Norepinephrine 

Prior to Esketamine, FDA approved antidepressants target one or both systems

Monoamines are neuromodulatory and antidepressants take weeks to work

Greater understanding of neural circuits and individual differences are needed 

Szabo, Gould, and Manji, 2004

The APA Textbook of Psychopharmacology



Serotonin, Dopamine, Norepinephrine

Szabo and Nemeroff, 2014

Rosenberg’s Molecular and Genetic Basis of 

Neurological and Psychiatric Disease, Fifth Edition





Pre-synaptic Side: Antidepressant Action



Demands for Treatment: Psychotropics    



Presynaptic Targets: Antidepressant Action

• All antidepressant drugs target and increase 5-HT and/or NE 

transmission following a long-term administration only

• Drugs that target both neurotransmitter systems appear more 

effective (TCAs and Venlafaxine), but have more side-effects

• Addition of atypical antipsychotics and lithium to treatment 

resistant patients on an SSRI is effective (STAR*D Project)

• Modulating 5-HT and NE interactions during a sustained 

antidepressant treatment are effective treatments/take time

• Insight into neurochemical changes to sustained psychotropic 

treatments may lead to other therapeutic avenues…make way 

for GLUTAMATE and postsynaptic targets.



KETAMINE and ESKETAMINE



Background



Szabo, Gould, Manji, 2009

APA Textbook of 

Psychopharmacology

Glutamate System



Calmodulin

Calmodulin

Du, Szabo, Gray, Manji, 2004

Int J Neuropsychopharm 

Calmodulin
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NEVER A TRULY “NEW IDEA”
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“It is difficult to explain why 
psychiatric benefits should have 
occurred almost immediately 
following drug administration…
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PURSUING KETAMINE AS AN 

ANTIDEPRESSANT

Cognition Perception Anxiety

(Arch Gen Psychiatry. 1994;51:199-214)
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Ketamine (0.5 mg/kg over 40 minutes) 

Rapidly Effective vs Saline Placebo: 

Replication Study (N = 17) 

Ketamine dose = .5 mg/kg

Ketamine Superior to Psychoactive 

Control: Baylor/Mt Sinai NIMH funded 

Study (N = 72)

Single Subanesthetic Dose Ketamine Infusion

Trials in TRD

Zarate CA Jr, et al. Arch Gen Psychiatry. 2006;63(8):856-864.      Murrough JW, et al. Am J Psychiatry. 2013;170(10):1134-1142.



Single Infusion of Ketamine –

Meta-Analytic Efficacy in TRD (N = 147)

Newport DJ, et al. Am J Psychiatry. 2015;172(10):950-966.

At 1 week

At 1 day



Double-Blind, Placebo-Controlled, Dose-Ranging Trial of 

IV Ketamine as Adjunctive Therapy in TRD 

(NIMH RAPID Trial, N=99) 

Fava M, Molecular Psychiatry, 2018
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IV Ketamine Dose-Response: 

NIMH RAPID Trial 

Fava M, Molecular Psychiatry, 2018
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Dose-Dependent Efficacy of Ketamine in 

Late-Life Depression

George, et al. The American Journal of Geriatric Psychiatry , 25(11),1199-1209



Ketamine in 

Treatment-Resistant Bipolar Depression

Diazgranados N, et al. Arch Gen Psychiatry. 2010;67(8):793-802. 

Dose: 0.5 mg/kg ketamine

Depressive symptoms significantly improved in participants 

receiving ketamine compared with placebo
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Friday schedule over two weeks. P values based on the Related-Samples Wilcoxon Signed 
Rank Test. Error bars reflect 95% CI. Asterisk indicates time-point significantly different from 
baseline (p<0.001)

*
*

* *
*

*
*

*

*
*

*
*

*

Thrice-Weekly Ketamine Infusions in TRD: 

Mt Sinai Sample (N = 24)

Murrough JW, et al. Biol Psychiatry. 2013;74(4):250-256.

Response rate = 71%; 

18 days until relapse



Shiroma PR, et al. J Affect Disord. 2014;155:123-129.

Thrice-Weekly Ketamine Infusions in 

TRD: Minneapolis VA Sample (N = 14)

Multi-Infusion Ketamine Trials in TRD

Twice-Weekly Dosing as Effective as 

Thrice-Weekly Dosing in TRD (N=67)

Ket: 69% 

responded, 

38% remitted

PBO: 15% 

responded; 

7.7% remitted

Ket: 54% 

responded; 23% 

remitted

PBO: 6% 

responded; 0% 

remitted

Singh JB, et al. Am J Psychiatry. 2016;173(8):816-826. 



*p<0.05. **p<0.01. ***p<0.001.

Effect of Ketamine on Suicidal Ideation: 

Individual Patient Meta-Analysis

Wilkinson S, et al Am J Psychiatry 2018; 175 (2): 150-158.



IV Ketamine for Rapid Reduction of Suicidal 

Thoughts in Major Depression

Grunebaum MF, et al. Am J Psychiatry, published online 12/5/17 

Day 1 (24 hr post infusion): Ketamine: 55% response;  Midazolam: 30% response 



IV Ketamine for Rapid Reduction of Suicidal 

Thoughts in Major Depression

Grunebaum MF, et al. Am J Psychiatry, published online 12/5/17 

Day 1 (24 hr post infusion): Ketamine: 55% response;  Midazolam: 30% response 



Calmodulin
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Ketamine’s Effects on Plasticity 
and Behavior

Protein 

Synthesis
Akt/ER

K

mTOR

Glutamate

Neuron

GABA

Neuron

Li, et al. Science. 2010 Aug 20;329(5994):959-64.

BDNF



Nature. 2016 May 26;533(7604):481-6

https://www.ncbi.nlm.nih.gov/pubmed/27144355


Proposed Mechanisms of Action of Ketamine 

and other Rapid Acting Antidepressants 

Antidepressants AADs

Zanos et al CNS Drugs 2018



Esketamine (Spravato) 



Contraindications
SPRAVATO™ is contraindicated in patients with: 

➢Aneurysmal vascular disease (including thoracic 
and abdominal aorta, intracranial and peripheral 
arterial vessels) or arteriovenous malformation

➢History of intracerebral hemorrhage

➢Hypersensitivity to esketamine, ketamine, or to 
any of the excipients

SPRAVATO (esketamine) nasal spray Prescribing Information



Drug Interactions with 

SPRAVATO™

• CNS Depressants: Concomitant use with CNS depressants (e.g., 

benzodiazepines, opioids, alcohol) may increase sedation. Closely 

monitor for sedation with concomitant use of SPRAVATOTM with 

CNS depressants.

• Psychostimulants: Concomitant use with psychostimulants (e.g., 

amphetamines, methylphenidate, modafinil, armodafinil) may 

increase blood pressure. Closely monitor blood pressure with 

concomitant use of SPRAVATOTM with psychostimulants.

• Monoamine Oxidase Inhibitors (MAOIs): Concomitant use with 

MAOIs may increase blood pressure. Closely monitor blood 

pressure with concomitant use of SPRAVATOTM with MAOIs.

SPRAVATO (esketamine) nasal spray Prescribing Information



Adverse Reactions Leading to Discontinuation 
of Treatment

SPRAVATO™

+ oral AD

Placebo Nasal 

Spray

+ oral AD

Short-Term Studies*

Adults <65 yrs 4.6% 1.4%

Adults ≥65 yrs 5.6% 3.1%

Long-Term Maintenance 

Study

2.6% 2.1%

**Study 1 pooled with another 4-week study

Across all phase 3 studies, adverse reactions leading to SPRAVATO™ discontinuation in more than 2 patients were (in 
order of frequency): anxiety (1.2%), depression (0.9%), blood pressure increased (0.6%), dizziness (0.6%), suicidal 
ideation (0.5%), dissociation (0.4%), nausea (0.4%), vomiting (0.4%), headache (0.3%), muscular weakness (0.3%), 
vertigo (0.2%), hypertension (0.2%), panic attack (0.2%) and sedation (0.2%).

Most Common Adverse Reactions

The most commonly observed adverse reactions in TRD patients treated with 

SPRAVATO (incidence 5% and at least twice that of placebo nasal spray + oral AD) 

were dissociation, dizziness, nausea, sedation, vertigo, hypoesthesia, anxiety, lethargy, 

blood pressure increased, vomiting, and feeling drunk. 

SPRAVATO (esketamine) nasal spray Prescribing Information



Esketamine (Spravato) 



Esketamine (Spravato) 



Esketamine (Spravato) 



Esketamine (Spravato) 



Esketamine (Spravato) 



Esketamine (Spravato) 



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

Adjunctive Intranasal Esketamine in TRD (N=67*)



Effect of Intranasal Esketamine on Suicide Risk

47

Resolution of Suicide Risk at                 
4 and 24 hours (LOCF)

Proportion of patients achieving resolution of suicide risk (CGJ-SR Score 0 or 

1) at day 1 (4 hour postdose) and day 2 (~24 hours postdose) LOCF

Janssen Research & Development, data on file



Safety: Ketamine and Opiate Receptors 
• Shatzberg et al., Attenuation of Antidepressant Effects of Ketamine by Opioid 

Receptor Antagonism. Williams NR, Heifets BD, Blasey C, Sudheimer K, Pannu

J, Pankow H, Hawkins J, Birnbaum J, Lyons DM, Rodriguez CI, Schatzberg AF.

Am J Psychiatry. 2018 Dec 1;175(12):1205-1215.

• Interpreting Ketamine's Opioid Receptor Dependent Effect: Response to 

Sanacora. Heifets BD, Williams NR, Blasey C, Sudheimer K, Rodriguez CI, 

Schatzberg AF.  Am J Psychiatry. 2019 Mar 1;176(3):249-250.

• “We broadly agree with Dr. Sanacora that an opioid receptor antagonist’s 

effect can be explained either by direct interaction at the opioid receptor, 

an indirect interaction at the cellular level, perhaps mediated by cross-

talk between N-methyl-D-aspartate and opioid receptors, or by an 

indirect effect wherein the action of endogenous opioids, presumably 

stimulated by ketamine infusion, is blocked”

• Could endogenous opioid mechanisms explain antidepressant 

responses to many active agents, including ketamine, as well as to 

placebo? We cannot discount this possibility.

https://www.ncbi.nlm.nih.gov/pubmed/30153752
https://www.ncbi.nlm.nih.gov/pubmed/30818991




Patient Self-Rating of Symptoms to Ketamine



Provider Ratings to Optimize/Stop Ketamine Tx





Demographics (n =119) Baseline/Prior to Tx 1:

72 (61%) female PHQ-9 = 20.2

45 (38%) male MADRS = 36.6

1 (0.8%) transgender female-male GAD-7 = 12.2

1 (0.8%) transgender male-female

Acute Phase – 3 Tx/wk X 2 weeks  

PHQ-9 = 9.4

MADRS = 13.1 

GAD-7 = 6.9

Sustained Phase – 1 Tx/wk X 4 weeks

PHQ-9 = 8.5

MADRS = 10.7 

GAD-7 = 5.9

Maintenance Phase – 1 Tx/month X 6 months

PHQ-9 = 7.5

MADRS = 12.1

GAD-7 = 6.9

COPE Real-World Registry: IV Ketamine in Depression 

A significant reduction of 54.9% in 

PHQ-9, 35.6% in MADRS, and 

29.9% in GAD-7 occurred after the 

first infusion (p<.0001).

A sustained 50% reduction in 

depressive and anxiety symptoms 

occurred after 6 treatments. 

Remission of symptoms were 

maintained using the COPE 

ketamine treatment algorithm at 7 

months.



Drug Targets and Brain Circuit Regulation 

Adapted from Szabo et al., 2014

APA Textbook of Psychopharmacology



Szabo and Nemeroff, 2014

Rosenberg’s Molecular and Genetic Basis of 

Neurological and Psychiatric Disease, Fifth Edition

Novel Glutamate Treatments for Depression  



Enhancement of synaptic plasticity and cellular resilience

Restoration, enhancement & maintenance of neural connectivity 

mechanisms essential for healthy affective  functioning and buffering 

against deterioration of neural functioning
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Conserved Underlying Mechanism of Antidepressants



Szabo et al., 2004 
APA Textbook of Psychopharmacology

Multimodal Treatment Approaches Needed



Going Forward with Neuroscience Endpoints



Keeping Eye on the 
Locus Coeruleus



Pupilometry and LC Activity

Naylor  et al., 2012



Depression and anxiety scores before infusion (17.2 and 15.2) and after (7.0 and 6.6)  
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Shorter time to peak pupil dilation to dark following ketamine infusion (1.23s vs 1.26s)

The change in pupil dilation and arousal did not correspond to these effects

Pupillometery and Target Engagement: Personalizing Ketamine Treatment  
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