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Background:

Suicidal thoughts and behaviors can occur as part of a range of physical and mental illnesses highlighting the need to

develop anti-suicidal pharmacotherapies that are effective regardless of the associated psychiatric disorder. The anesthetic

agent ketamine may represent such a treatment. While ketamine is increasingly used as a rapid, antidepressant agent, there

is accumulating evidence of additional anti-suicidal properties1. The mechanisms underlying the rapid anti-suicidal properties

of ketamine, and if they differ from the anti-depressant mechanisms, remain unknown.

By measuring in vivo neural activity over the course of a drug treatment, EEG based biomarkers can provide insights into

mechanisms of action, neural circuit engagement, and treatment response. EEG based biomarkers, such as Mismatch

Negativity (MMN) are well validated across a variety of clinical settings and can be used to measure specific types of brain

electrical activity. The generation of MMN relies on properly functioning NMDA receptor (NMDAR) mediated

neurotransmission, and as expected for a potent NMDAR antagonist, ketamine results in dose dependent reductions in MMN.

The amplitude of baseline MMN is inversely correlated with the psychomimetic effects of ketamine, suggesting that MMN may

provide a measure of a patient’s “functional reserve” of NMDARs2.

We suggest that MMN represents a measure of “circuit engagement” of the neural substrates upon which ketamine acts. Both

the magnitude and the latency of MMN are acutely altered by ketamine administration allowing for changes in MMN to be a

proxy of the neural response to a dose of ketamine.

Methodological Question:

How can we optimize a cross-over, double-blinded, clinical trial to obtain high-density 

EEG data from psychiatric inpatients with SI during treatment with IM ketamine.
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2. Choice of Study Design

• Double blind, randomized, cross-over pilot study

• Within subject design for primary outcome to reduce variability 

• Baseline MMN (amplitude, latency) is compared to MMN captured both 

during, and after treatment in one recording session

• Change in MMN is correlated with MADRS-10 24hr post treatment

• All participants will receive active treatment 

• Cross-over allows for “control” arm for between subject analyses

• This design allows for both within- and between- subject comparisons 

while controlling for day x treatment, and carry-over effects

• Clinical outcomes measured at baseline, and 24 hours after each 

treatment day

• Blood draws to measure concentration of ketamine and metabolites

3. How to accurately quantify changes in suicidal ideation?

• It can be challenging to accurately quantify SI given its transitory and 

fluctuating nature

• What is the “best” measure for short-term changes in SI? 3

• C-SSRS is used for screening and MADRS-10 is used for outcome

• Primary clinical outcome measure is MADRS-10 24hr post treatment

• We are also using C-SSRS, QIDS-SR, and CGI as secondary measures

1. Why use an intramuscular route of administration?

• Similar to IV in bioavailability and pharmacokinetics

• Flexibility of dosing 

• Does not require compounding pharmacy 

• Does not require specialized training to administer 

• Accessible in a variety of clinical settings

4. How to quantify participant’s subjective experiences during treatment

• Evidence from clinical trials has not found an association between 

acute dissociation (CADSS) and treatment response 4

• Empirically, a patient’s subjective experience under ketamine appears 

related to the durability of response

• Pt’s with enduring responses can report acute feelings of “oneness,” 

or “relatedness,” often leading to a “new outlook.”

• We use the Mystical Experience Questionnaire (MEQ30) to try and 

capture these subjective experiences

• We are also measuring a heartbeat evoked potential (HEP) which may 

act as an EEG biomarker of interoception

Methods:

Adult participants (n =22) expressing clinically significant SI (score ≥ 3 or greater on the Columbia Scale for Suicidal Ideation 

[C-SSRS]) will be recruited from the inpatient psychiatric unit at the Icahn School of Medicine at Mount Sinai. Participants will 

have three study visits over the course of three days. On the first day participants will be randomized to either an 

intramuscular (0.5 mg/kg) injection of racemic ketamine or saline placebo. A non-active placebo was chosen to reduce 

pharmacological effects of placebo on the EEG recordings, however we appreciate this choice may lead to functional 

unblinding. A high density, 256 electrode (Magstim EGI) EEG system will be used to record at baseline and during the 

ketamine experience. On the next day participants will be crossed over and receive the other study treatment. The final day 

consists only of clinical outcome scales. 

Primary Objective:

1. To measure EEG biomarkers (MMN, Heartbeat Evoked Potential [HEP]) related to the anti-suicidal effects of IM ketamine.  

Secondary Objectives:

1. To gather data on the efficacy of intramuscular ketamine for the reduction of suicidal ideation

2. To gather EEG biomarkers and clinical measurements related to subjective experiences during IM ketamine treatment

Conclusion:

We have successfully recorded our EEG biomarkers of interest in patients undergoing ketamine treatment.  Recruitment is 

ongoing for this exploratory, pilot study. 
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Example of MMN recorded

from HC. Protocol consisted of

1200 stimuli, 80% standard

(Std, 1000Hz, 50ms) and 20%

double deviant (Dod, 1100Hz,

125ms). MMN amplitude is

recorded in a window 150-

200ms post stimuli (time 0ms).

MMN amplitude remained

consistent throughout duration

of experiment.
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Auditory Mismatch Negativity Protocol (1200 tones, 20% deviants)

Deviant Tone (Dod): 
1100 Hz, 125 ms duration 


