Supplement 1. Evaluating for optimal cerebrovascular pressure reactivity based upon cerebral oximetry index
To account for potential clinically actionable biomarkers extracted from the cerebral oximetry index (COx), we evaluated the % time that patients had ABP values below the lower limit of cerebrovascular pressure reactivity (LLA) or above the upper limit of cerebrovascular pressure reactivity (ULA), as well as optimal blood pressure for cerebrovascular pressure reactivity (ABPOpt). ABPOpt values were identified using previously described methods of plotting ABP values for COx and identifying the minimum ABP value on a U-shaped parabolic curve fit to data with a multiwindow algorithm. The multiwindow algorithm used a maximum calculation window of 28,800 seconds and minimum calculation period of 7200 seconds, with steps of 600 seconds. This develops 37 averaged ABPOpt values for 8 hours of monitoring. This averaged value is updated every minute, meaning that the computed value in time series consists of an average of 36 ABPOpt values. ABPOpt values were taken from a moving 4-hour window. ABPOpt values were rejected in cases of an unreliable U-shaped ABPOpt value. As in prior work, we implemented five curve fitting criteria to keep or remove the curve for building an ABPOpt time series, which included that (1) each ABP bin must be at least 1% of the total count data, (2) at least 50% of the data in the window must be included in the curve fit, (3) variation in COx of 0.2 is mandated, (4) the COx range of interest is enforced to be between – 0.3 and 0.6, and (5) the coefficient of determination of the fitted R2 value must be at least 0.0. LLA and ULA are determined for COx as ABP values at which the curve crossed threshold values of 0.3, represented impaired cerebrovascular pressure reactivity as used or suggested in previous studies. LLA and ULA were determined as the lowest and highest ABP value at 0.3, respectively. The % time of ABP values below LLA and above ULA, as well as the % time below ABPOpt were calculated for each patient during their ECMO duration. 


Supplement 2. Model based indices of cerebrovascular pressure reactivity and autonomic function

	Metric
	Definition
	Signals considered
	Calculation
	Interpretation

	Cerebral autoregulation index (higher=impaired)

	COx
	Cerebral oximetry index
	ABP, rSO2
	Correlation coefficient between ABP and rSO2
	Higher COx=impaired autoregulation

	Autonomic function indices (lower=impaired)

	BRs
	Baroreflex sensitivity
	ECG, ABP
	Modified cross-correlation method
of R–R intervals and systolic blood
pressure
	Lower BRS = impaired autonomic
function

	HRsd
	Standard deviation of HR
	ECG
	Standard deviation of R–R intervals
	Lower HRsd = impaired autonomic
function

	HRrmssd
	Root-mean-square of successive
differences
	ECG
	Root-mean-square of the standard deviation of R–R intervals
	Lower HRrmssd = impaired autonomic
function

	LHF
	Low–high frequency ratio
	ECG
	Spectral power in R–R low frequency
(0.04–0.15 Hz) divided by high frequency (0.15–0.4 Hz)
	Lower LHF = impaired autonomic function


Abbreviations: ABP, arterial blood pressure; BRS, baroreflex sensitivity; COx, cerebral oximetry index; ECG, electrocardiogram; HRsd, standard deviation of R-R intervals; HRrmssd, root mean square of successive differences of R-R intervals; Hz, hertz; LHF, low frequency–high frequency ratio.


Supplement 3. Subject Enrollment
The study cohort was identified based upon daily screening of all patients admitted to the pediatric neonatal, cardiac, or pediatric intensive care units by a research coordinator that was available to enroll patients around the clock on all days of the year. The screening procedure involved assessment of the admission diagnosis and notification of the ECMO team regarding new patients who underwent cannulation. Logistical reasons to exclude patients included when the research team was not available (e.g., vacation), family not available to give consent, and early decisions of withdrawal of life-sustaining therapies at time of screening. 


Supplement 4. Univariate analysis of factors associated with acute brain injury in pediatric ECMO patients
	
	Univariate analysis

	Variable
	OR 
	95% CI
	p value

	Age
	0.90
	0.81 – 1.00
	0.061

	Female vs. male
	0.78
	0.28 – 2.21
	0.640

	ECMO Characteristics
	
	
	

	Circuit VA vs. VV
	2.53
	0.65 – 9.79
	0.180

	Venous cannula size
	0.95
	0.87 – 1.03
	0.218

	Arterial cannula size
	0.93
	0.81 – 1.08
	0.354

	Length of hospital stay, days
	1.00
	0.99 – 1.01
	0.441

	ECMO duration, days
	1.03
	0.97 - 1.11
	0.329

	Pump flow rate, max (lpm)
	0.82
	0.59-1.16
	0.266

	Pump flow rate, min (lpm)
	0.61
	0.34-1.12
	0.109

	Sweep O2, max (lpm)
	1.07
	0.90-1.27
	0.456

	Sweep O2, min (lpm)
	0.92
	0.52-1.61
	0.759

	Sweep FiO2, max (%)
	0.99
	0.96-1.02
	0.377

	Sweep FiO2, min (%)
	0.99
	0.97-1.01
	0.331

	Anti Xa level (maximum)
	1.13
	0.68-1.87
	0.621

	Anti Xa level (minimum)
	1.98
	0.02-169.05
	0.764

	EEG Characteristics
	
	
	

	Interictal epileptic discharge presence
	6.31
	1.38 – 33.93
	0.020

	Interhemispheric differences in alpha power
	8.35
	0.53 – 132.18
	0.132

	Interhemispheric differences in beta power
	1.07
	0.46 – 2.49
	0.884

	Interhemispheric differences in theta power
	0.93
	0.74 – 1.16
	0.503

	Interhemispheric differences in delta power
	1.01
	0.88 – 1.15 
	0.941

	Interhemispheric differences in total power
	1.76
	1.08 – 2.85
	0.023

	Interhemispheric differences in ADR
	1.24
	0.86 – 1.81
	0.254

	Interhemispheric differences in amplitude
	2.13
	1.19 – 3.81
	0.011

	Average alpha power
	0.21
	0.01 – 3.63
	0.282

	Average beta power
	0.31
	0.03 – 2.82
	0.298

	Average theta power
	0.70
	0.39 – 1.25
	0.231

	Average delta power
	0.90
	0.78 – 1.04
	0.153

	Average total power
	0.94
	0.82 – 1.08
	0.387

	Average alpha-delta power ratio
	0.71
	0.14 – 3.56
	0.675

	Average amplitude
	0.90
	0.77 – 1.05
	0.171

	Suppression ratio
	1.06
	1.01 – 1.11
	0.014

	Maximal hourly seizure burden
	3.17
	1.15 – 8.79
	0.026

	TCD Characteristics
	
	
	

	L MCA FV
	1.01
	0.98 – 1.03
	0.575

	L MCA PI
	0.72
	0.22 – 2.37
	0.586

	R MCA FV
	0.99
	0.96 – 1.02
	0.345

	R MCA PI
	0.69
	0.22 – 2.14
	0.525

	Mean FV
	1.00
	0.97 – 1.03
	0.867

	Mean PI
	0.68
	0.20 – 2.27
	0.529

	Differences in FV
	7.33
	0.46 – 116.50
	0.158

	Differences in PI
	8.00
	0.43 – 147.40
	0.162

	Differences in MCA TIBI scores
	2.84
	1.00 – 8.00
	0.049

	Cerebral Regional Oximetry Characteristics
	
	
	

	RSO2 median
	0.97
	0.93 – 1.01
	0.196

	ABPOpt median
	0.95
	0.91 – 1.01
	0.082

	COx median
	10.70
	0.04 – 2614.31
	0.398

	Percent of time spent above ABPOpt
	0.98
	0.94 – 1.02
	0.294

	Percent of time spent above ULA
	0.99
	0.87 – 1.13
	0.916

	Percent of time spent below ABPOpt
	1.02
	0.98 – 1.07
	0.294

	Percent of time spent below LLA
	1.01
	0.99 – 1.03
	0.339

	Autonomic Function Characteristics
	
	
	

	LHFRatio median
	1.14
	0.79 – 1.65
	0.482

	HRrmssd median
	0.97
	0.90 – 1.04
	0.333

	HRsd median
	0.92
	0.65 – 1.29 
	0.617

	BRs median
	0.96
	0.85 – 1.09
	0.537

	Other Physiologic Characteristics
	
	
	

	CVP median
	0.95
	0.86 – 1.04
	0.250

	SpO2 median
	1.01
	0.89 – 1.15
	0.854



Abbreviations: ABPOpt, optimal arterial blood pressure; ADR, alpha delta power ratio; BRs, baroreflex sensitivity index; COx, cerebral oximetry index; CVP, central venous pressure; FV, flow velocity; HRrmssd, root-mean-square of successive differences of R-R intervals; HRsd, Standard deviation of R-R intervals; LHF Ratio, Low to high frequency; LLA, lower limit of cerebrovascular pressure reactivity; lpm, liters per minute; MCA, middle cerebral artery; PI, pulsatility index; RSO2, regional oxygen saturation; SpO2, pulse oxygen saturation; TIBI, Thrombolysis in Brain Ischemia system; ULA, upper limit of cerebrovascular pressure reactivity; V-A, veno-arterial; V-V, veno-venous; y, years; %, percent.


Supplement 5. Factors associated with each brain injury subset in pediatric ECMO patients

	
	AIS
	HS
	HIBI

	Variable
	OR (95% CI)
	p value
	OR (95% CI)
	p value
	OR (95% CI)
	p value

	Age, years
	0.95 (0.83-1.09)
	0.448
	0.97 (0.81-1.15)
	0.731
	0.82 (0.63-1.06)
	0.126

	Age < 1 y vs. age 1 y
	1.16 (0.27-5.03)
	0.842
	1.15 (0.15-8.63)
	0.891
	3.93 (0.74-20.91)
	0.109

	Male vs. female sex
	1.62 (0.36-7.32)
	0.532
	0.29 (0.03-2.92)
	0.293
	0.52 (0.11-2.34)
	0.391

	Circuit VA vs. VV
	2.98 (0.34-25.81)
	0.322
	1.18 (0.12-11.99)
	0.891
	2.98 (0.34-25.81)
	0.322

	Venous cannula size
	0.99 (0.88-1.10)
	0.832
	1.01 (0.87-1.17)
	0.902
	0.92 (0.81-1.05)
	0.236

	Arterial cannula size
	1.08 (0.91-1.28)
	0.381
	0.02 (0.00-32E15)
	0.846
	0.89 (0.72-1.12)
	0.323

	Length of hospital stay, days
	1.00 (0.98-1.01)
	0.657
	0.96 (0.90-1.02)
	0.196
	1.00 (0.99-1.01)
	0.704

	ECMO duration, days
	1.05 (0.97-1.15)
	0.229
	1.07 (0.96-1.19)
	0.222
	0.94 (0.82-1.07)
	0.360

	Electroencephalographic seizure presence
	2.86 (0.48-16.97)
	0.248
	2.63 (0.24-28.36)
	0.427
	64.00 (8.88-461.3)
	<0.001

	Interictal epileptic discharge presence
	50.00 (3.92-637.44)
	0.003
	0.00 (0.00-.)
	0.999
	0.00 (0.00-.)
	0.999

	Interhemispheric differences in alpha power
	1.58 (0.03-82.66)
	0.820
	81.76 (1.18-5689.00)
	0.042
	1.08 (0.02-66.91)
	0.970

	Interhemispheric differences in beta power
	1.19 (0.41-3.45)
	0.750
	1.04 (0.21-5.28)
	0.958
	0.80 (0.17-3.67)
	0.770

	Interhemispheric differences in theta power
	0.94 (0.69-1.29)
	0.708
	0.94 (0.61-1.47)
	0.796
	0.90 (0.60-1.36)
	0.630

	Interhemispheric differences in delta power
	0.96 (0.74-1.25)
	0.744
	1.06 (0.90-1.25)
	0.458
	0.97 (0.76-1.23)
	0.791

	Interhemispheric differences in total power
	0.87 (0.41-1.86)
	0.715
	2.60 (1.36-4.98)
	0.004
	1.20 (0.71-2.02)
	0.495

	Interhemispheric differences in ADR
	1.43 (0.93-2.20)
	0.103
	0.32 (0.00-1311.0)
	0.788
	0.44 (0.00-46.60)
	0.730

	Interhemispheric differences in amplitude
	0.87 (0.38-2.01)
	0.750
	3.65 (1.46-9.10)
	0.006
	1.34 (0.75-2.42)
	0.325

	Average alpha power
	0.08 (0.00-7.48)
	0.272
	7.63 (0.12-483.9)
	0.337
	0.01 (0.00-2.69)
	0.109

	Average beta power
	0.29 (0.01-7.95)
	0.464
	1.55 (0.08-31.33)
	0.775
	0.04 (0.00-3.57)
	0.159

	Average theta power
	0.81 (0.42-1.56)
	0.527
	0.81 (0.32-2.06)
	0.654
	0.47 (0.14-1.60)
	0.225

	Average delta power
	0.93 (0.77-1.13)
	0.474
	1.01 (0.83-1.25)
	0.891
	0.74 (0.52-1.04)
	0.081

	Average TP
	0.95 (0.78-1.15)
	0.597
	1.07 (0.86-1.33)
	0.542
	0.83 (0.65-1.07)
	0.149

	Average ADR
	0.57 (0.02-14.56)
	0.734
	0.31 (0.00-250.6)
	0.730
	0.99 (0.20-4.91)
	0.988

	Average AMP
	0.90 (0.72-1.12)
	0.344
	1.07 (0.85-1.33)
	0.581
	0.77 (0.57-1.04)
	0.084

	Suppression ratio
	1.02 (0.97-1.07)
	0.424
	1.04 (0.99-1.09)
	0.152
	1.07 (1.02-1.13)
	0.006

	Maximal hourly seizure burden
	1.15 (0.97-1.35)
	0.102
	0.04 (0.00-36E28)
	0.928
	1.35 (1.07-1.71)
	0.012

	L MCA FV
	1.03 (1.00-1.06)
	0.094
	1.00 (0.95-1.05)
	0.909
	1.00 (0.97-1.04)
	0.832

	L MCA PI
	1.84 (0.38-8.94)
	0.450
	0.65 (0.07-6.51)
	0.715
	0.16 (0.02-1.38)
	0.095

	R MCA FV
	1.00 (0.96-1.04)
	0.834
	0.92 (0.84-1.01)
	0.084
	1.00 (0.96-1.04)
	0.957

	R MCA PI
	0.52 (0.10-2.57)
	0.421
	1.32 (0.17-10.36)
	0.793
	0.49 (0.09-2.74)
	0.419

	Mean FV
	1.02 (0.98-1.05)
	0.378
	0.97 (0.91-1.03)
	0.349
	1.00 (0.96-1.04)
	0.881

	Mean PI
	0.95 (0.19-4.87)
	0.952
	0.94 (0.10-8.88)
	0.960
	0.27 (0.04-1.95)
	0.195

	Differences in FV
	2.50 (0.07-90.87)
	0.617
	19.25 (0.38-965.0)
	0.139
	8.66 (0.29-260.6)
	0.214

	Differences in PI
	20.18 (0.49-825.50)
	0.113
	2.07 (0.01-474.4)
	0.793
	3.43 (0.06-209.0)
	0.557

	Differences in TIBI scores
	4.98 (1.61-15.38)
	0.005
	0.01 (0.00-1E114)
	0.973
	1.70 (0.70-4.12)
	0.242

	ABPOpt median
	1.01 (0.95-1.08)
	0.689
	0.94 (0.85-1.04)
	0.251
	0.93 (0.85-1.01)
	0.091

	RSO2 median
	1.00 (0.94-1.07)
	0.888
	0.94 (0.88-1.00)
	0.044
	1.00 (0.94-1.06)
	0.997

	Cox median
	67.82 (0.06-80217.0)
	0.243
	0.05 (0.00-16760.0)
	0.647
	1.11 (0.00-3124.0)
	0.980

	LHFRatio median
	1.03 (0.61-1.74)
	0.910
	1.42 (0.82-2.46)
	0.217
	0.91 (0.49-1.69)
	0.765

	HRrmssd median
	0.93 (0.81-1.07)
	0.307
	1.03 (0.95-1.11)
	0.483
	0.94 (0.82-1.08)
	0.376

	HRsd median
	0.74 (0.40-1.37)
	0.337
	1.28 (0.84-1.97)
	1.255
	0.69 (0.34-1.39)
	0.296

	BRs median
	0.77 (0.54-1.10)
	0.150
	1.00 (0.98-1.02)
	0.900
	0.92 (0.73-1.16)
	0.474

	SPO2 median
	1.03 (0.85-1.24)
	0.771
	1.11 (0.79-1.55)
	0.557
	0.97 (0.82-1.15)
	0.760

	CVP median
	0.87 (0.67-1.15)
	0.331
	1.06 (0.71-1.59)
	0.772
	1.08 (0.82-1.42)
	0.606

	Percent of time spent above ABPOpt
	1.01 (0.96-1.07)
	0.719
	1.00 (0.92-1.09)
	0.937
	0.91 (0.83-0.99)
	0.034

	Percent of time spent above ULA
	1.07 (0.92-1.26)
	0.376
	0.99 (0.74-1.31)
	0.923
	0.83 (0.61-1.12)
	0.227

	Percent of time spent below ABPOpt
	0.99 (0.94-1.05)
	0.719
	1.00 (0.91-1.09)
	0.937
	1.10 (1.01-1.20)
	0.034

	Percent of time spent below LLA
	0.99 (0.97-1.02)
	0.692
	1.00 (0.95-1.04)
	0.929
	1.03 (1.00-21.07)
	0.062



Abbreviations: ABPOpt, optimal arterial blood pressure; ADR, alpha delta power ratio; BRs, baroreflex sensitivity index; Cox, cerebral oximetry index; CVP, central venous pressure; FV, flow velocity; HRrmssd, hear rate root-mean-square of successive differences; HRsd, Standard deviation of heart rate; LHF Ratio, Low to high frequency; LLA, lower limit of autoregulation; MCA, middle cerebral artery; PI, pulsatility index; RSO2, regional oxygen saturation; SpO2, pulse oxygen saturation; TIBI, Thrombolysis in Brain Ischemia system; ULA, upper limit of autoregulation.
