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sMethods

Participants  

Patients with a diagnosis of TRD who were accepted for treatment by IV ketamine for depression at the study sites who satisfied these additional study inclusion criteria were invited to enroll

Inclusion criteria:

· Bipolar and unipolar depressive episode, current episode of depression (DSM-5) despite at least two adequate trials of psychotropics with Level 1 evidence against bipolar or unipolar depression,1,2 
· Montgomery-Åsberg Depression Rating Scale (MADRS) ≥ 20;3
· Age > 18, < 75 years old.
· No active substance use disorder (beyond nicotine use disorder)
· Abstention from consuming grapefruit juice (a potent 3A4 cytochrome inhibitor) on the day of the ketamine infusions as it may alter the metabolism of ketamine.
· Ongoing psychotherapy follow-up during treatment period
· Abstention from driving or operating heavy machinery following each ketamine infusion until either a restful night of sleep or 24 hours has elapsed.

Exclusion criteria: 

· Hearing impairments
· The subject’s depressive symptoms have previously demonstrated non-response to esketamine or ketamine in the current major depressive episode.
· Known intellectual deficiency.
· Unable to accommodate regular visits to the Depressive Disorders Program at the Douglas Mental Health University Institute or the Jewish General Hospital, Montreal, QC.
· Depression evaluated as secondary to stroke, cancer or other severe medical illnesses.
· Known risk factors for intracranial hemorrhage, including previous significant trauma, known aneurysm, or previous neurosurgery.
· Evidence of clinically relevant disease, e.g., uncontrolled hypertension, renal or hepatic impairment, significant coronary artery disease (myocardial infarct within a year prior to initial randomization), cerebrovascular disease, viral hepatitis B or C, acquired immunodeficiency syndrome.
· Prior or current substance abuse or dependence (except for caffeine or nicotine dependence) and/or recent history (last 12 months) of alcohol or cannabis abuse or dependence, as defined by DSM-5 criteria. (Cannabis will be considered similarly to alcohol for the purpose of this study, as it is clinically, in the context of its legalization. That is, recreational use that does not meet criteria for a substance use disorder and/or is not deemed to be negatively impacting patients’ physical and mental health will not justify exclusion from the study just as it does not justify exclusion from purely clinical treatment by ketamine.)
· A positive toxicology screen for drugs that are not prescribed.
· [bookmark: _Hlk140396622]Unwilling or unable to hold benzodiazepines from the evening prior to the infusion of ketamine.
· Unwilling or unable to discontinue any narcotic beginning a minimum of 5 drug half-lives prior to infusion.
· Unwilling or unable to discontinue memantine (an NMDA antagonist) during infusions, beginning a minimum of 5 drug half-lives prior to infusions.
· Pregnant, lactating, or of childbearing potential and not willing to use an approved method of contraception during the ketamine infusion, as per above.
· A clinical finding that is unstable or that, in the opinion of the treating clinician(s), would be negatively affected by, or would affect, the medication (e.g., diabetes mellitus, unstable angina).
· Liver function tests AST and ALT three times the upper normal limit at screening.
· ECG results considered significantly abnormal as determined by the clinician(s).
· History of seizure disorder, except febrile convulsions.
· Known history of intolerance or hypersensitivity to ketamine.
· Acute psychotic symptoms, as judged by the initial clinical interview or reported by referring clinicians.
· Any significant, recent, acute decline in exercise tolerance.
· Uncorrected hypothyroidism or hyperthyroidism.
· Subjects needing a thyroid hormone supplement to treat hypothyroidism must have been on a stable dose of the medication for 3 months prior to beginning infusions.
· Clinically significant deviation from the reference range in clinical laboratory test results as judged by the clinician(s).

sFigure 1: Ketamine treatment room at the Douglas Mental Health Institute (left) and the Jewish General Hospital (right), Montreal, Canada.
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Statistical analysis

MLM models were applied to each possible combination of mechanistic PSY predictors (EBI, MEQ) and symptom variables (BDI, MADRS). Within-person coefficients were standardized within persons to estimate the strength of the lagged coefficients, with all variables centered at the respective person-specific means and standard deviations. Within-person standardization has recently been illustrated as a better method for enabling meaningful interpretations of lagged coefficients than use of group-based standardization (Schuurman, Ferrer, de Boer-Sonnenschein, & Hamaker, 2016; Wang, Zhang, Maxwell, & Bergeman, 2019). 

Equation 1 exemplifies the treatment effect model. 
WP_DEPt+1 i = B0+ B1(WP_SESS t i ) + [u 0 i + e t i ]
WP_DEPt+1 i is a given patient’s (i) standardized within-person (WP) symptom score in session i. B0 is the average intercept, which is allowed to vary between patients (u 0 i). B1 is the WP trajectory of change with additional ketamine sessions (SESS) and is considered fixed between patients (no random effect). Finally, e t i reflected the session-specific error term. These residuals on Level 1 were modeled with a first-order autoregressive (AR[1]) covariance structure, considering that sessions closer together should be more highly correlated than sessions farther apart. To predict the PSY from SESS, we used a similar analytic strategy.
Equation 2 exemplifies the session-by-session temporality effect models. 
WP_DEPt+1 i = B0+ B1(WP_SESS t i ) + B2(WP_DEP t i ) + B3(WP_PSY t i ) + [u 0 i + e t i ]
In this model, the dependent variable and standardized coefficients B0 and B1 have the same meaning as in Equation 1. B2 is the standardized WP effect of depressive symptoms at the previous session and B3 is the standardized WP effect of acute psychedelic experiences (MEQ or EBI) at session t on next session symptoms; both are fixed between patients (no random effect). To predict the PSY from DEP, we used a similar analytic strategy. Acute psychedelic experiences were measured after a session and symptoms were measured at the beginning of a session. Therefore, when predicting symptoms from acute psychedelic experiences, the lagged within-person coefficients mostly reflect the association of the PSY measure at the end of a session (post-session) with DEP measured at the beginning of the next session (pre-session). However, when predicting PSY from symptoms (PSYt  DEPt+1), the lagged coefficients reflect the association of the symptoms measured at the beginning of a session with PSY measured at the end of the session. 

sResults

[bookmark: _Hlk185503008]Independent t-test analyses were applied to evaluate group differences in raw score changes in symptoms from baseline to week 4 (post-treatment) and to week 8 (1-month follow-up). This included the MADRS, BDI, STAI-A, and SSI outcomes. P values are presented with and without Bonferroni correction for 16 comparisons.

Paired t-test analyses were applied to evaluate pre-post changes across groups in symptoms from baseline to week 4 (post-treatment) and to week 8 (1-month follow-up). This included the MADRS, BDI, STAI-A, and SSI outcomes. P values are presented with and without Bonferroni correction for 16 comparisons.


sTable 1. Group Differences in raw score changes and pre-post comparison across groups.

	Intergroup differences

	
	Week 4 (post-treatment)
	Week 8 (1-month follow-up)

	Variable
	t-value (df)
	p-value
	p-value (Bonferroni corrected)
	t-value (df)
	p-value
	p-value (Bonferroni corrected)

	MADRS
	-1.44 (29)
	.16
	1.00
	-1.30 (29)
	0.204
	1.00

	BDI
	-0.23 (21)
	.82
	1.00
	-0.343 (20)
	0.735
	1.00

	STAI-A
	-0.91 (25)
	.37
	1.00
	-1.83 (25)
	0.267
	1.00

	SSI
	-0.92 (22)
	.36
	1.00
	-1.34 (25)
	0.08
	0.64

	Pre-post differences across groups

	
	Week 4 (post-treatment)
	Week 8 (1-month follow-up)

	Variable
	t-value (df)
	p-value
	p-value (Bonferroni corrected)
	t-value (df)
	p-value
	p-value (Bonferroni corrected)

	MADRS
	-5.54 (31)
	<.001
	<0.016
	-5.20 (28)
	<.001
	<0.016

	BDI
	-4.57 (31)
	<.001
	<0.016
	-4.72 (31)
	<.001
	<0.016

	STAI-A
	-3.9 (31)
	<.001
	<0.016
	-2.46 (31)
	.02
	0.32

	SSI
	-2.12 (31)
	.04
	0.64
	-2.37 (31)
	.02
	0.32


df: Degree of freedom; BDI: Beck Depressive Inventory; MADRS: Montgomery–Åsberg Depression Rating Scale; SSI-C: Scale for suicide ideation; STAI: State Trait Anxiety Inventory.

sFigure 2.  Mean MEQ (A) and EBI (B) Scores by ketamine treatment number and group.
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sFigure 3.  Multilevel cross-lagged models of within-person standardized depressive symptoms (at time t-1) and preceding psychedelic experiences (MEQ/EBI at time t).
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sTable 2. Regression statistics of average and peak MEQ and EBI on clinical outcomes (week 4)

	Variables
	β
	lower β (95% CI)
	upper β (95% CI)
	


Intercept
	r
	


R2
	DF
	t-value
	p-value (2-tailed)

	Average MEQ
	
	
	
	
	
	
	
	
	

	BDI
	-0.232
	-0.337
	-0.127
	4.068
	-0.673
	45.23
	25
	-4.544
	0.0001

	MADRS
	-0.124
	-0.224
	-0.023
	-5.802
	-0.452
	20.44
	25
	-2.535
	0.0179


	STAI-A
	-0.124
	-0.261
	-0.041
	1.133
	-0.491
	24.11
	25
	-2.818
	0.0093

	STAI-B
	-0.104
	-0.176
	-0.031
	1.013
	-0.507
	25.70
	25
	-2.941
	0.0070

	SSI
	-0.057
	-0.130
	0.015
	0.969
	-0.311
	9.64
	25
	-1.633
	0.1150

	Peak MEQ

	BDI
	-0.210
	-0.298
	-0.122
	7.240
	-0.699
	48.93
	25
	-4.894
	0.0000

	MADRS
	-0.142
	-0.221
	-0.063
	-1.444
	-0.597
	35.60
	25
	-3.717
	0.0010

	STAI-A
	-0.160
	-0.249
	-0.072
	5.288
	-0.599
	35.85
	25
	-3.738
	0.0010

	STAI-B
	-0.093
	-0.155
	-0.031
	2.361
	-0.523
	27.34
	25
	-3.067
	0.0051

	SSI
	-0.064
	-0.125
	-0.003
	2.835
	-0.399
	15.90
	25
	-2.174
	0.0394

	Average EBI

	BDI
	-0.288
	-0.533
	-0.044
	-1.083
	-0.437
	19.08
	25
	-2.428
	0.0227

	MADRS
	-0.196
	-0.396
	0.004
	-7.045
	-0.374
	14.00
	25
	-2.017
	0.0545


	STAI-A
	-0.360
	-0.552
	-0.168
	3.914
	-0.611
	37.32
	25
	-3.858
	0.0007

	STAI-B
	-0.148
	-0.297
	0.001
	-0.614
	-0.378
	14.26
	25
	-2.039
	0.0521

	SSI
	-0.160
	-0.290
	-0.030
	2.871
	-0.453
	20.54
	25
	-2.542
	0.0176

	Peak EBI
	
	
	
	
	
	
	
	
	

	BDI
	-0.141
	-0.343
	0.062
	-3.210
	-0.276
	7.59
	25
	-1.433
	0.1641

	MADRS
	-0.100
	-0.262
	0.062
	-8.233
	-0.247
	6.10
	25
	-1.275
	0.2141

	STAI-A
	-0.201
	-0.370
	-0.033
	2.741
	-0.441
	19.49
	25
	-2.460
	0.0211

	STAI-B
	-0.045
	-0.168
	0.079
	-3.293
	-0.148
	2.18
	25
	-0.747
	0.4619

	SSI
	-0.071
	-0.180
	0.038
	1.286
	-0.261
	6.79
	25
	-1.350
	0.1891



β: regression slope coefficient; CI: Confidence Interval; r: Pearson correlation coefficient; DF: Degree of freedom; MEQ: Mystical Experience Questionnaire; EBI: Emotional Breakthrough Inventory; BDI: Beck Depressive Inventory; MADRS: Montgomery–Åsberg Depression Rating Scale; SSI: Scale for suicide ideation; STAI: State Trait Anxiety Inventory.










sTable 3. Regression statistics of average and peak MEQ and EBI on clinical outcomes (week 8)

	Variables
	β
	lower β (95% CI)
	upper β (95% CI)
	


Intercept
	r
	


R2
	DF
	t-value
	p-value (2-tailed)

	Average MEQ
	
	
	
	
	
	
	
	
	

	BDI
	-0.129
	-0.236
	-0.023
	-4.047
	-0.448
	20.10
	25
	-2.508
	0.0190

	MADRS
	-0.080
	-0.191
	0.032
	-8.590
	-0.281
	7.90
	25
	-1.464
	0.1556

	STAI-A
	-0.130
	-0.289
	0.028
	1.660
	-0.321
	10.33
	25
	-1.697
	0.1022

	STAI-B
	-0.094
	-0.161
	-0.027
	1.021
	-0.501
	25.10
	25
	-2.895
	0.0078

	SSI
	-0.033
	-0.113
	0.047
	-1.345
	-0.168
	2.84
	25
	-0.855
	0.4009

	Peak MEQ

	BDI
	-0.178
	-0.262
	-0.094
	5.296
	-0.658
	43.28
	25
	-4.367
	0.0002

	MADRS
	-0.104
	-0.196
	-0.012
	-4.650
	-0.423
	17.88
	25
	-2.333
	0.0280

	STAI-A
	-0.154
	-0.285
	-0.023
	6.647
	-0.436
	19.04
	25
	-2.424
	0.0229

	STAI-B
	-0.083
	-0.141
	-0.025
	2.138
	-0.509
	25.93
	25
	-2.958
	0.0067

	SSI
	-0.046
	-0.114
	0.022
	0.508
	-0.267
	7.14
	25
	-1.386
	0.1779

	Average EBI

	BDI
	-0.318
	-0.526
	-0.111
	0.873
	-0.535
	28.60
	25
	-3.164
	0.0041

	MADRS
	-0.160
	-0.373
	0.054
	-8.189
	-0.295
	8.68
	25
	-1.542
	0.1357

	STAI-A
	-0.384
	-0.663
	-0.105
	6.652
	-0.493
	24.31
	25
	-2.833
	0.0090

	STAI-B
	-0.142
	-0.278
	-0.005
	-0.202
	-0.393
	15.46
	25
	-2.138
	0.0425

	SSI
	-0.155
	-0.296
	-0.013
	1.958
	-0.410
	16.77
	25
	-2.244
	0.0339

	Peak EBI
	
	
	
	
	
	
	
	
	

	BDI
	-0.176
	-0.351
	-0.000
	-0.291
	-0.382
	14.57
	25
	-2.065
	0.0494

	MADRS
	-0.095
	-0.264
	0.073
	-8.358
	-0.227
	5.17
	25
	-1.167
	0.2540

	STAI-A
	-0.245
	-0.472
	-0.018
	7.141
	-0.406
	16.49
	25
	-2.222
	0.0356

	STAI-B
	-0.051
	-0.164
	0.062
	-2.302
	-0.183
	3.34
	25
	-0.930
	0.3613

	SSI
	-0.081
	-0.197
	0.035
	1.131
	-0.277
	7.67
	25
	-1.441
	0.1621



β: regression slope coefficient; CI: Confidence Interval; r: Pearson correlation coefficient; DF: Degree of freedom; MEQ: Mystical Experience Questionnaire; EBI: Emotional Breakthrough Inventory; BDI: Beck Depressive Inventory; MADRS: Montgomery–Åsberg Depression Rating Scale; SSI: Scale for suicide ideation; STAI: State Trait Anxiety Inventory.







sTable 4. Adverse effects reported by participants (cumulative of the 6 infusions).
	 Side Effect
	 Music
	 No Music
	 Total

	
	N
	% 
	N
	 %
	N
	 %

	Fatigue
	4
	27%
	10
	59%
	14
	44%

	Psychological distress
	5
	33%
	4
	24%
	9
	28%

	Nausea
	3
	20%
	2
	12%
	5
	16%

	Insomnia
	3
	20%
	1
	6%
	4
	13%

	Headache
	1
	7%
	4
	24%
	5
	16%

	Cognitive complaints
	2
	13%
	1
	6%
	3
	9%

	Abdominal pain
	0
	0%
	1
	6%
	1
	3%

	Vomiting
	1
	7%
	1
	6%
	2
	6%

	Vertigo
	0
	0%
	1
	6%
	1
	3%

	Increased pain
	1
	7%
	1
	6%
	2
	6%

	Diarrhea
	0
	0%
	1
	6%
	1
	3%

	Nightmares
	2
	13%
	0
	0%
	2
	6%

	Worsened balance
	0
	0%
	1
	6%
	1
	3%

	Increased libido
	1
	7%
	1
	6%
	2
	6%

	Bloating
	1
	7%
	0
	0%
	1
	3%

	Anger
	0
	0%
	1
	6%
	1
	3%

	Post-infusion elevated blood pressure
	1
	7%
	0
	0%
	1
	3%







sTable 5. Severe adverse events reported by participants (cumulative of the 6 infusions).

	 Severe AE
	Music
	 No Music
	 Total

	
	N
	% 
	N
	 %
	N
	 %

	Increased suicidality
	2
	13
	3
	18
	5
	16

	Emergency room visit
	2
	13
	0
	0
	2
	6


AE: adverse event
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