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Supplementary Methods
Inclusion and Exclusion Criteria
The inclusion criteria for the healthy control (HC) participants were as follows: 
1. All genders, races, and ethnic origins.
2. Aged between 18 and 70 years.
3. Absence of medical, neurological, and psychiatric illness (including alcohol and substance abuse), as assessed by subject history and the Mini International Neuropsychiatric Inventory (MINI) interview.
4. A baseline Quick Inventory of Depression Scale (QIDS) score less than or equal to 5.
5. A baseline Hamilton Depression Rating Scale (HAMD) score less than or equal to 7.
6. Capable of providing written informed consent and fluent in English.
7. No first-degree relative with mood or psychotic disorder.

The inclusion criteria for the participants with treatment resistant depression (TRD) were as follows:
1. All genders, races, and ethnic origins.
2. Aged between 18 and 70 years. 
3. Currently meet DSM-5 diagnostic criteria for Major Depressive Disorder (MDD) as assessed via the MINI. 
4. A baseline HAMD (17-item version) score greater than 16, or a QIDS score greater than 12 and a Beck Depression Inventory - II score greater than 14. 
5. Capable of providing written informed consent, and fluent in English. 
6. Treatment Resistant as assessed via the Massachusetts General Hospital Antidepressant Response Questionnaire.
7. Have already decided to receive ketamine treatment as part of their standard clinical care.

Finally, the following exclusion criteria applied to all participants regardless of their group designation:
1. Any serious or unstable medical illness, including cardiovascular, hepatic, renal, respiratory, endocrine, neurologic or hematologic disease.
2. History of seizure disorder.
3. History or current diagnosis of any of the following DSM-5 psychiatric illnesses: schizophrenia, schizoaffective disorder, delusional disorder, psychotic disorders not otherwise specified.
4. Current diagnosis of substance use disorder.
5. Clinical or laboratory evidence of hypothyroidism, hyperthyroidism, or other thyroid disorder that is not controlled by medication.
6. Substance use assessed by physician as dangerous for ketamine treatment.
7. Untreated glaucoma.
8. Complex PTSD with dissociation.
9. Patients treated with electroconvulsive therapy (ECT) in the past 2 weeks.
10. Participants with a lifetime history of previous ketamine use.

Hamilton Depression Rating Scale (HAMD)
The HAMD [1] used here was the 17-item version assessing the severity of depressive symptoms over the past week. Most items are scored using values ranging from 0 to 4, while a few items use 3 scoring levels from 0 to 2. Overall scores range from 0 to 52 where higher scores indicate greater depression severity.

Mood and Anxiety Symptom Questionnaire (MASQ)
The MASQ is a self-report questionnaire designed to assess the tripartite model of anxiety and depression across the last week [2]. In this study the short-form (62-item) of the MASQ was used. Items are scored using a 1 (not at all) to 5 (extremely) rating scale to assess general distress depressive symptoms, general distress anxious symptoms, anxious arousal, and anhedonic depression. Scales are scored such that higher scores indicate greater symptom severity.

Quick Inventory of Depression Scale (QIDS) 
[bookmark: _Hlk183013761]The QIDS [3] is a 16-item measure derived from the Inventory of Depressive Symptomatology; the present study used the clinical administered measure. The QIDS evaluates of depressive symptom severity across the 9 DSM-IV symptom criterion domains of depression – including sad mood, concentration, self-criticism, suicidal ideation, interest, energy/fatigue, sleep disturbance, changes in appetite/weight, and psychomotor agitation/retardation, where items are scored on a 4-point scale from 0 to 3 and total scores range from 0 to 27 with higher scores indicating greater symptom severity. 

Snaith-Hamilton Pleasure Scale (SHAPS)
The SHAPS [4] is a 14-item self-report scale assesses loss of interest in or pleasure from completing everyday activities. Participants rate each item on a scale from 1 (strongly agree) to 4 (strongly disagree) as to how relevant the item was to themselves over the last few days. Overall scores range from 14 to 56 and are scored such that higher scores indicate higher levels of anhedonia.

Ruminative Response Scale (RRS)
The RRS [5] is a 22-item self-report scale that assesses a participant’s overall ruminative thinking as well as subscales related to reflective thinking, brooding, and depression-related rumination. Participants rate each item on a 1 (almost never) to 4 (almost always) scale relevant to their thoughts when they feel down, sad, or depressed. Overall scores range from 22 to 88 and are scored such that higher scores indicate higher levels of rumination.

Lagged Phase Synchronization
Lagged phase synchronization (LPS) is a measure of non-linear intracortical functional connectivity calculated using normalized Fourier transforms [6]. In its derivation LPS minimizes the effects of volume conduction and associated artifacts by removing the instantaneous (i.e., zero-lag) component from the total phase synchronization parameter and leaving only the non-instantaneous (i.e., lagged) phase synchrony information. Total phase synchronization is computed using the following formula:
	
	(1)


where:
	
	(2)


In these equations, x and y represent the two regions of interest (ROIs) in the connectivity pair (i.e., the EEG sources) evaluated at a given discrete frequency, ω. In equation 1, Re and Im are the real and the imaginary parts of a complex element C, respectively; notably, zero-lag connectivity is closed related to Re. Equation 2 explains the cycle of C, where x(ω) and y(ω) denote the discrete Fourier transform of the two signals of interest, and * denotes a complex conjugate (i.e., the inversion of the sign of only the imaginary part of a complex number).
From this description of total phase synchronization, LPS (i.e., non-instantaneous phase synchronization), is defined using the following formula:
	
	(3)


and measures the similarity of the phases of two time-series and is thought to contain only physiological connectivity information. Interpretatively, a value of 0 indicates no synchronization and a value of 1 indicates perfect synchronization.


Supplemental Table 1 – Demographic and clinical characteristics at initial study screening of both healthy controls and TRD participants.
	
	HC 
(n = 34)
	TRD
(n = 24)
	t / χ2
	df
	p

	Demographics

	Female, n (%)
	25 (73.53)
	16 (66.67)
	0.07
	1
	.785

	Age, years, mean (SD)
	32.49 (14.07)
	44.35 (15.86)
	-2.94
	45.79
	.005*

	Education, years, mean (SD)
	16.00 (3.98)
	16.42 (4.15)
	-0.38
	48.41
	.704

	White, n (%)
	22 (64.71)
	24 (100)
	12.17
	2
	.002*

	Black/African American, n (%)
	1 (2.94)
	0 (0)
	
	
	

	Asian, n (%)
	11 (32.35)
	0 (0)
	
	
	

	Clinical Characteristics

	Number of MDEs, mean (SD)
	–
	5.00 (6.40)
	–
	–
	–

	Age at first MDE, mean (SD)
	–
	16.61 (4.69)
	–
	–
	–

	Episodes per year since first MDE, mean (SD)
	–
	0.25 (0.33)
	–
	–
	–

	Taking antidepressant (%)
	0 (0)
	24 (100)
	
	
	

	Depression and Ruminative Symptomatology

	HAMD
	0.27 (0.57)
	17.09 (5.71)
	-14.07
	22.31
	< .001*

	QIDS
	0.18 (0.46)
	15.22 (3.98)
	-18.05
	22.42
	< .001*

	SHAPS – Total
	19.32 (5.90)
	38.61 (5.52)
	-12.58
	49.41
	< .001*

	MASQ – AA
	18.00 (1.83)
	31.74 (9.42)
	-6.90
	23.20
	< .001*

	MASQ – GDA
	12.61 (1.80)
	29.96 (9.29)
	-9.02
	24.26
	< .001*

	MASQ – GDD
	13.97 (3.30)
	47.62 (6.21)
	-24.17
	32.44
	< .001*

	MASQ – AD
	44.39 (10.22)
	93.23 (9.02)
	-18.36
	48.47
	< .001*


Note: AA = Anxious Arousal; AD = Anhedonic Depression; GDA = General Distress Anxious Symptoms; GDD = General Distress Depressive Symptoms; HAMD = Hamilton Depression Rating Scale; HC = Healthy control; MASQ = Mood and Anxiety Symptom Questionnaire; MDE = Major Depressive Episode; QIDS = Quick-Inventory of Depression; RRS = Ruminative Response Scale; SHAPS = Snaith-Hamilton Pleasure Scale; TRD = Treatment Resistant Depression
* = Statistical significance


Supplemental Table 2 – Medication class and usage of participants with treatment resistant depression.
	Drug Class
	Number of Participants
	% of Participants

	Anticonvulsant (including GABA analogues)
	5
	20.83

	Anxiolytic/Sedative
	5
	20.83

	Atypical Antipsychotic
	11
	45.83

	Benzodiazepine 
	9
	37.5

	Central Nervous System Stimulant
	6
	25

	Miscellaneous Antidepressant
	6
	25

	Monoamine Oxidase Inhibitor (MAOi)
	1
	4.17

	Serotonin Antagonist and Reuptake Inhibitor (SARI)
	3
	12.50

	Serotonin-Noradrenaline reuptake inhibitor (SNRI)
	5
	20.83

	Selective Serotonin Reuptake Inhibitor (SSRI)
	12
	50.00

	Tri/Tetracyclic Antidepressant
	2
	8.33


Note: Most participants are taking multiple medications and so are counted in all relevant categories.


Supplemental Table 3 – Seed Coordinates (in Montreal Neurologic Institute space) for regions of interest in the Default Mode and Frontoparietal networks.
	Network
	X
	Y
	Z
	Anatomical Structure

	DMN
	

	L DMN-A
	–27
	23
	48
	Superior frontal gyrus

	R DMN-A
	27
	23
	48
	Superior frontal gyrus

	L DMN-B
	–41
	–60
	29
	Angular gyrus

	R DMN-B
	41
	–60
	29
	Angular gyrus

	L DMN-C
	–64
	–20
	–9
	Middle temporal gyrus

	R DMN-C
	64
	–20
	–9
	Middle temporal gyrus

	Mid DMN-D
	0
	49
	18
	Medial frontal gyrus

	L DMN-E
	–25
	–32
	–18
	Parahippocampal gyrus

	R DMN-E
	25
	–32
	–18
	Parahippocampal gyrus

	Mid DMN-F
	0
	–52
	26
	Posterior cingulate

	FPN
	

	L FPN-A
	–40
	50
	7
	Frontal pole

	R FPN-A
	40
	50
	7
	Frontal pole

	L FPN-B
	–43
	–50
	46
	Supramarginal gyrus

	R FPN-B
	43
	–50
	46
	Supramarginal gyrus

	L FPN-C
	–57
	–54
	–9
	Middle temporal gyrus

	R FPN-C
	57
	–54
	–9
	Middle temporal gyrus

	Mid FPN-D
	0
	22
	47
	Paracingulate gyrus

	Mid FPN-E
	0
	4
	29
	Cingulate gyrus

	Mid FPN-F
	0
	–76
	45
	Precuneus cortex


Note: Coordinates are reported in Montreal Neurological Institute space: X = left (-) to right (+), Y = posterior (-) to anterior (+), and Z = inferior (-) to superior (+). Anatomical labels are approximations.
DMN = Default Mode Network; FPN = Frontoparietal Network; L = Left Hemisphere; Mid = Midline; R = Right hemisphere


Supplementary Results
Global Connectivity
	At the suggestion of a reviewer, we examined global lagged connectivity (GLC) to be able to further contextualise our ROI specific analysis. GLC is estimated using the following equation:
	
	(4)


	Where  is the complex-value coherence between the two timeseries, x and y, at a given frequency, , and re superscript denotes the real part of this matrix; see Section 3c and equations 3.7-3.13 of [6] for a full explanation of the derivation of this equation. Notably for this analysis, , was the central frequency of each of the investigated frequency bands, i.e., 5.75 Hz for Theta, 15.25 Hz for Beta1, 19.75 Hz for Beta2, 25.75 Hz for Beta3.
Turning to our analysis, in line with our main results, we first examined if GLC differed between the two groups at session 1 (i.e., pre-ketamine treatment for the TRD participants) using independent sample t-tests; subsequent ordinary least squares regression models were used to re-evaluate any identified significant group differences when also controlling for age. Across all frequency bands, we found that GLC did not differ between HCs and TRD (t’s ≤ 1.158, p’s ≥ .253) and this remained true even when controlling for age (p’s ≥ .492).
Next, we examined the putative group differences in the change in global connectivity (i.e., ΔGLC). Here, we found that TRD participants were characterized by a significantly larger change in beta3 ΔGLC (-0.20 ± 0.40 vs. 0.06 ± 0.57; t = 2.055, p = .044) even when controlling for group differences in age (t = 2.068, p = .043); ΔGLC in all other frequency bands did not differ significantly between groups (p’s ≥ .082).
Finally, we examined the between-session differences in GLC of each participant group. We observed that HC participants had no significant between-session change in GLC regardless of frequency bad (p’s ≥ .395). In contrast, we observed that the GLC of TRD participants significantly decreased in the Theta (6.03 ± 0.84 vs. 5.73 ± 0.82; t = -2.55, p = .018), Beta2 (6.42 ± 0.74 vs. 6.01 ± 0.77; t = -2.748, p = .011), and Beta3 (2.71 ± 0.55 vs. 2.51 ± 0.56; t = -2.406, p = .025) frequency bands.
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