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Learning Objectives

1. To describe how novel rapid-acting anti-depressant and anti-suicidal 
medications work in the brain

2. To describe what we know about these medicines in pediatric 
patients compared to adults 

3. To appreciate what the state of the field means for patients and 
families right now



Outline

1) Depression and suicide in adolescence
2) Interventional psychiatry treatment modalities for 

depression in adults
3) Pediatric ketamine: single-dose randomized controlled trial 

in adolescent treatment-resistant depression
4) Gaps in our understanding
5) Addressing the gaps



Adolescence is a critical developmental period

• Period of transition from childhood 
to adulthood (12 to 18 years in 
humans)

• Unique set of behaviors conserved 
across mammalian species: 
increased risk taking, novelty 
seeking, and peer association

• Time of onset for substance abuse 
and the emergence of 
neuropsychiatric disorders

These unique features are mediated by changes in structural, functional, 
and neurochemical brain organization during this period



Lifespan view of Major Depressive Disorder (MDD)

• Depression that begins in adolescence is associated with persistence into 
adulthood

• Pediatric depression is associated with more severe clinical courses compared 
to later-onset MDD

• Early-onset depression is associated with increased risk of poor social and 
academic functioning, early pregnancy, physical illness, and substance abuse



Adolescent MDD diagnosis

Dwyer et al, JCPP, 2020



Adolescent Depression is a significant health problem
• Pre-pandemic, nearly 1 in 5 adolescents will experience MDD

• MDD increases the risk of youth suicide 30x (now the 2nd

leading cause of death in this age group)

• Since COVID 19, the global prevalence of pediatric depression 
and anxiety has doubled

• In the US, between April and Oct 2020, proportion of mental 
health emergency visits increased 24% in 5-11  and 31% in     
12-17; girls at higher risk

• Emergency room visits specifically for   
suicide attempts increased by over 50% 

in adolescent girls

• Thousands of emergency 
suicidal presentations a 
week 

Weekly emergency visits for 
suspected suicide attempts in 

girls 12-17 years old (CDC)



Suicide Facts:
• Among high schoolers in the United States in 9th-12th

grade …
• 17% have considered attempting suicide in the last year

• 14% have had a suicide plan in the last year

• 8% have attempted suicide in the last year

• 3% have made a suicide attempt that required medical 
attention

• Suicide death rate is 13 per 100,000 among adolescents (5500 
deaths per year)

Hamden High School
Hamden, CT
~1100 students



Adolescent Depression is a significant health problem



Adolescent Depression treatment

• 40% of adolescents with MDD remain depressed after 

initial treatment with SSRIs (TADS trial)

• Second line treatment: Switch to a different SSRI and 

add CBT if you haven’t already

• Nearly half will remain depressed (TORDIA trial)

• So about 1 in 5 pediatric patients with depression will have 
treatment-resistant depression

• How do we treat these patients?

First line treatment: Selective 

serotonin reuptake inhibitor (SSRI, 

e.g. fluoxetine) + psychotherapy (e.g. 

cognitive behavioral therapy (CBT))



• The evidence base in child psychiatry is 

relatively small and stagnant

• Lack of evidence has not prevented 

childhood depression, nor has it stopped 

Child Psychiatrists from attempting to help 

patients 

Result:

- Off label prescribing is very common 

- Our highest risk children are increasingly 

exposed to interventions with uncertain 

efficacy and higher harm potential (e.g. the 

escalated use of atypical antipsychotics)) 

Challenges to practicing evidence-based Child 
Psychiatry



Pediatric psychopharmacology landscape

• High placebo rates
• Difficult to find specialized/qualified sites and 

investigators
• In Industry, after a flurry of unsuccessful trials in 

the late 1990s/early 2000s, many left the 
pediatric mental health space

• NIMH made a big shift away from funding 
clinical trials in absence of proposed 
mechanisms/target engagement (NIMH had not 
funded a pedi TRD trial since 2001 (TORDIA)!!)

• Is federal funding sufficient to conduct 
adequately powered trials?



Pediatric psychopharmacology landscape



Neuromodulation and Rapid-Acting Pharmacotherapies

Electroconvulsive therapy (ECT)

Repetitive Transcranial Magnetic stimulation (rTMS)

Deep Brain stimulation, vagus nerve stimulation

Esketamine and ketamine infusion therapy (KIT)

Brexanolone infusion therapy

“Interventional 
Psychiatry” as a 
term was coined 
by Nolan 
Williams and 
Mark George in 
2014



Ketamine

Ketamine is a medication traditionally 
categorized as a dissociative anesthetic, a 
non-competitive NMDA (Glutamate 
receptor) antagonist

• Anesthesia 
- 1-4.5mg/kg over 1 minute
- 0.6-1.8mg/kg*h

• Psychiatry: 0.5mg/kg over 40
minutes



Ketamine’s acute side effects and safety profile

• Transient Increase in Heart Rate and 
Blood Pressure, dose dependent

• Can increase respiratory rate, but at 
high doses cause respiratory 
depression

• Nausea, Dizziness and Diplopia

• Emergent anxiety, dysphoria, 
dissociation, sensory distortions,  
derealization
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Ketamine rapidly improves 
depressive symptoms in adults

Side effect duration

Compared with 
traditional 
antidepressants, which 
can take up to 8 weeks 
to improve depressive 
symptoms



Ketamine is also anti-suicidal in 
adults, even after controlling for 

it’s antidepressant effects



Esketamine (S)
- Higher affinity for NMDA 

receptor compared R-ketamine
- Potential for less dissociative 

effects

Intranasal

esketamine

Intranasal esketamine
is   a   prescription



Ketamine’s glutamatergic mechanisms of action



Ketamine enhances glutamatergic signaling and 
promotes synaptic plasticity

- Prefrontal cortex and hippocampus are key 
sites of action

- Hypothesized mechanisms:
- NMDA antagonism on inhibitory 

interneurons facilitates glutamate 
signaling 

- Ketamine metabolites 
(hydroxynorketamine) may directly 
activate AMPA receptors

NNCIOnline.org > Self study > This Stuff is 
Really cool 2017 > “Sad Synapses”



• Active adolescent prefrontal 
development: synaptic pruning of Glu
synapses, changing relative GABAergic
interneuron profiles (fast spiking vs
non-fast spiking), changes in receptor 
subunit composition

• Preclinical data suggests that ketamine 
reverses depressive phenotypes in 
adolescent rats 

• Ketamine has been used safely as an 
acute anesthetic in Pediatrics for over 
50 years

Ketamine and Pediatric Pharmacology



KIDS: Ketamine in Adolescent Depression Study

Is a single dose of ketamine 
safe and effective in 

adolescents with treatment 
resistant depression?

Dwyer JB et al., American Journal of Psychiatry. Mar 3
doi: 10.1176/appi.ajp.2020.20010018.



Study Subjects
Inclusion Criteria:
1) Male or female ages 13-17 years
2) Meet DSM-5 criteria for MDD by structured interview (K-SADS) 
3) CDRS-R score >40
4) Failure to achieve remission with at least 1 adequate prior antidepressant trial (e.g. SSRI, SNRI, or 
TCA), i.e. ≥8 weeks at therapeutic dosing, including ≥4 weeks of stable dosing
5) Stable psychiatric medications for the month prior to enrollment. Subjects may continue to 
engage in ongoing psychotherapy.

Exclusion Criteria:
1) Current inpatient hospitalization or active suicidal ideation requiring referral for inpatient 
hospitalization for safety.
2) History of psychotic disorder or manic episode
3) History of substance dependence (excluding tobacco) or positive urine toxicology
4) Pregnancy (urine pregnancy tests on the day of infusions for menstruating girls)
5) Inability to provide written informed consent according to the Yale Human Investigation 
Committee (HIC) guidelines



Controls and Blinding 

• Placebo rates are high in depression trials, particularly in pediatrics

• Midazolam as an active control

• Additional measures to protect the blind include having separate 
efficacy and safety raters, i.e. those present for the infusion do not 
perform subsequent efficacy ratings



Study Design: Randomized Midazolam-Controlled 
Crossover Trial

D0 D1 D2 D3    D5      D7        D10 D14 D15 D16 D17    D19    D21    D24      D28

INFUSION DAYS (Days 0 and 14)

Rating scales Rating scales

KETAMINE (0.5mg/kg over 40min)

OR

MIDAZOLAM (0.045mg/kg over 40min)

Collect plasma ketamine 

metabolites, D-serine levels

Conduct side effect rating scale 

(CADSS)

D0 D14                                                             D28

------0-40min------ 60min    80min    110min     120min            180min                230min                        

INFUSION



Participants assessed for eligibility (N=26) 

Consented for the trial (N=19)

Received infusion #1 (N=17)

Received infusion #2 
(N=11)

Withdrew due to an undisclosed 
medical condition (N=1)
Panicked prior to infusion #1 starting 
and withdrew (N=1)

Did not meet inclusion criteria 
(N= 7)

Improved after 
infusion #1 and 
withdrew to receive 
ketamine in the 
community (N=1)

Randomized to 
MID-KET (N=11)

Randomized to 
KET-MID (N=6)

Received infusion #2 
(N=5)

Subject 
Recruitment



Subject Characteristics
Gender 76% female

Average Age 15.5 years
Average BMI 25.8

BMI range 17.7 - 40.2
% local to CT 55%

Baseline CDRS-R (mean (SD)) 63.2 (17.1)
Baseline MADRS (mean (SD)) 33.1 (9.3)

Age of depression onset 13 (+/-2.4) years
Duration of current episode 21 (+/-18.7) months

Average number of failed AD trials 3.2 (+/- 1.9)
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Ketamine decreases depression scores at 1 day following 
infusion in adolescents with treatment resistant 

depression
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On average, depression scores remained improved 
up to 14 days



In a subset of participants, ketamine impacted implicit 
associations related to depression and suicide

Implicit Association Test (IAT):

- Measures reaction times to assess how quickly a 

participant can sort various words or pictures that flash 

on screen screen. 

- Sorting speed reflects how tightly we associate any 2 

concepts together. 

- Quicker sorting indicates a stronger association Unpublished data



Intra-infusion dissociative side effects: Clinician 
administered dissociative scale (CADSS)



Most prominent intra-infusion side effects

I feel like I am in a dream 88% I feel like I have spaced out 81%

I feel like I have spaced out 82% I have gaps in my memory 19%

I feel disconnected from my body 71%
I feel disconnected from my 

body
13%

Things are moving in slow motion 65%
Things have happened that I 

cant account for
13%

Parts of my body feel unusually 
large or small

65%
There are pieces of me that

don't fit together
13%

Ketamine Midazolam



Intra-infusion hemodynamic changes

• Four participants had blood 
pressures meeting criteria 
for adolescent stage 2 
hypertension (140/90 
mmHg) during the ketamine 
infusion

• None persisted past the end 
of the infusion and none 
exceeded 150/95 mmHg 



-- Ketamine was well-tolerated

-- Ketamine significantly improved depressive symptoms at 1d 

post-infusion (via MADRS) in adolescents with TRD

-- No information here about explicit suicidal thinking, as 

significant suicidality was an exclusion in this study

Preliminary data suggests ketamine may be effective and safe in the 
short term, but like adults, effects of a single dose appear 

ephemeral

Single- dose Conclusions

Big conclusion: more research is needed, as 
the gaps in our knowledge are considerable



(1) Extending ketamine’s anti-
depressant efficacy- repeated dosing?

Singh JB, et al.,  (2016)

Twice weekly dosing over three 
weeks yielded remission 
thereafter lasting for an average 
of 3 weeks
- There was a considerable range 

of durability (ranging from 6 
days to greater than 3 months)

- Individual factors that predict 
duration are not well 
understood

Aan het Rot et al. (2010)



Case Report: Repeated infusion paradigms may also prolong 
efficacy in adolescent MDD

- 16yo boy with a history of ADHD, 
depression, Crohn’s disease

- 3 prior serious suicide attempts
- Failed multiple pharmacologic 

treatments, psychotherapies, across a 
range of different levels of care

- Considered ECT, but opted for ketamine 
trial

Left Y-axis: Montgomery-Asberg Depression Rating Scale 

(MADRS);

Right Y-axis: Scale for 

Suicidal ideation (SSI)

JB Dwyer et al. (2017)
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Considerations about repeated dosing

• Studies of heavy ketamine 
recreational use/abuse:

• Neurocognitive effects
• Bladder damage/cystitis
• Abuse potential

• Animal studies using chronic dosing 
in young animals show damage to 
developing hippocampus and 
prefrontal cortex (cell death and 
white matter changes)

• Animal studies have used ketamine 
and related compounds to model 
development of psychosis and 
schizophrenia- synaptic NMDA 
blockade at higher doses



Toxicity threshold is not well defined

Pediatric 
anesthesia 
literature 
suggests safety 
of single 
treatments at 
reasonable 
doses

Abuse literature and 
animal studies suggest 
harm with chronic 
exposures and higher 
doses, with higher 
vulnerability at younger 
ages

------------? ------------→
Questions about dose in the moment and 

number of doses over time



(2) What to do after an acute 
ketamine treatment series?

1) Maintenance ketamine infusions: how many? What intervals?
2) Can we harness the period of wellness in ketamine responders 
using more traditional psychiatric treatment approaches?

Does a period of ketamine-induced enhanced 
synaptic plasticity allow for psychotherapy to be 
more impactful?



(3a) Do antidepressant effects hold in 
larger pediatric samples? 

(3b) What about 
suicidality?



(4) Ketamine for whom?

Which disorders?
MDD
OCD
Anxiety disorders
PTSD
Others?

Which clinical features or predisposing factors?
anxious depression
anhedonia
history of childhood trauma

What biological features?
Goal of personalized medicine approach



Summary of the gaps
1) How to extend ketamine’s anti-

depressant efficacy- risks of 
repeated dosing are not fully 
known

2) How to optimally extend efficacy 
after an acute series- using more 
traditional psychiatric approaches

3) Does ketamine have anti-
depressant and anti-suicidal 
effects in pediatric populations?

4) Personalized medicine 
approaches- who are the best 
candidates for ketamine and can 
we predict treatment responses 
ahead of time?



Pediatric Repeat Dosing Clinical Trials

<------------------------Months-------------------------->

Standard Depression Treatment
Weekly mood assessments 

Monthly cognitive and mood battery

Repeat 
Ketamine

Enroll, 
randomize

Repeat
Ketamine

Repeat 
Midazolam

<----Weeks---->

SAD-KIDS: Severe Adolescent Depression-

Ketamine Intermediate Duration study

ReAdS: Reducing Adolescent Suicidality 
Safety, Efficacy & Connectome Phenotypes of IV Ketamine

Population: 
Pediatric TRD
Dosing Paradigm:
6 infusions, limited 
sx-triggered 
maintenance
Primary Outcome: 
Depression (CDRS)
(NCT03889756)

Population: 
Pediatric TRD + 
recent suicide 
event
Dosing Paradigm:
4 infusions
Primary Outcome: 
Suicidal Thinking 
(C-SSRS, ideation 
subscale)
(NCT04613453)



Brain-based personalized medicine : Functional 
connectome response predictors

Connectome-based predictive modeling 
(CPM, Constable lab): uses a combination 
of task-based and resting state fMRI to 
“tweak” or stress the brain across 
neurocognitive domains → generates 
highly individual connectome 
fingerprints, which we associate with 
clinical dimensions of interest (Scan time < 1 hour)

This approach can 

predict:

- Inattention in ADHD 

sample

- Autism symptom 

scores in mixed 

sample of ADHD and 

autism

- Treatment outcomes 

in adult substance       

use disorders





Current Status: Cautious optimism…
by 2026, we expect that there will be several solid data 
sources reporting outcomes
- Several studies at academic centers 

are starting now
- Pediatric study of esketamine

intranasal spray slated to finish soon
- These studies should yield 

information about the efficacy and 
safety of conservative repeat dosing 
paradigms   (4 to 8 treatments)

- Short and intermediate term 
outcomes

ClinicalTrials.gov



Current Status: Cautious optimism…
but unknown risk profile of repeated exposure 
complicates risk/benefit analysis for clinical populations

- Confirm treatment resistance– carefully 
review past treatment trials (medication 
and therapy)

- Informed consent about risks, benefits, 
and state of understanding in the field

- Direct supervision by physicians with 
adequate training (no take home ketamine)

- Do not exceed 0.5mg/kg over 40m as 
single dose

Off-label availability >> 
Evidence base

- Have a robust follow up plan using a bio-psycho-social framework



Thanks to our patients and their families!

Inquire about a pediatric 
ketamine clinical trial:
National: QR code →
Local to CT:

PediDepression
@Yale.edu


