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Table S1: Circuit parameters represented in the Pulse digital twin model. Labels correspond to Figure 1A in the manuscript.

	Label
	Parameter
	Component

	1
	Inlet Location
	Cannulas


	2
	Outlet Location
	

	3
	Drainage Cannula Volume
	

	4
	Return Cannula Volume
	

	5
	Drainage Cannula Resistance
	

	6
	Return Cannula Resistance
	

	7
	Pump Flow
	Pump

	8
	Pump Volume
	

	9
	Sweep Gas Flow
	Oxygenator


	10
	Sweep Gas Pressure
	

	11
	Fraction of Sweep Gas Oxygen
	

	12a
	Oxygen Membrane Diffusing Capacity
	

	12b
	Carbon Dioxide Membrane Diffusing Capacity
	

	13
	Oxygenator Liquid Volume
	

	14
	Oxygenator Gas Volume
	

	15
	Oxygenator Resistance
	

	16
	Bag Compound
	Fluid Administration

	16
	Bag Volume
	

	17
	Infuser Rate
	

	18
	Infuser Volume
	

	19
	Drainage Limb Volume
	Peripherals

	20
	Return Limb Volume
	

	21
	Inlet Probe Volume
	

	22
	Outlet Probe Volume
	

	23
	Drainage Limb Resistance
	

	24
	Return Limb Resistance
	







Table S2: Summary of extracorporeal circuit parameters used in the Pulse simulations 
	Subsystem
	Parameter
	Value
	Specification Basis

	Cannulation
	Inlet Location
	Inferior Vena Cava
	Drain cannulation

	Cannulation
	Outlet Location
	Right Atrium
	Return cannulation

	Cannulation
	Drainage Cannula Volume
	7 – 18 mL 
for 20-31 French 
	The cross-sectional areas of Avalon drainage and return lumens have an approximate ratio of 2:1. Drainage and return lumen volumes are calculated as 2/3 or 1/3 of the total volume, respectively. Total volume is approximated as a cylinder with a diameter equal to French size and a length of 31 cm 

	Cannulation
	Return Cannula Volume
	3 – 9 mL for 20-31 Fr 
	See above

	Cannulation
	Drainage Cannula Resistance
	Varies
	Based on Avalon dual-lumen cannulas’ pressure-flow curves shown in prior publications19

	Cannulation
	Return Cannula Resistance
	Varies
	See above

	Pump
	Pump Flow
	Varies
	Calculated based on patient’s circuit and pump characteristics taken from prior publications17

	Pump
	Pump Volume
	32 mL
	Rotaflow pump

	Pump
	Pump Minimum Speed
	500 RPM
	Rotaflow

	Pump
	Pump Maximum Speed
	4000 RPM
	Rotaflow

	Sweep Gas
	Sweep Gas Flow
	Varies
	Scenario specific

	Sweep Gas
	Fraction of Sweep Gas Oxygen
	21-100%
	Scenario specific

	Oxygenator
	Oxygen Membrane Diffusing Capacity
	0.53 mL/min/mmHg
	Quadrox PLS

	Oxygenator
	Carbon Dioxide Membrane Diffusing Capacity
	14 mL/min/mmHg
	Quadrox PLS

	Oxygenator
	Oxygenator Liquid Volume
	250 mL
	Quadrox PLS

	Oxygenator
	Oxygenator Gas Volume
	215 mL
	Typical

	Oxygenator
	Oxygenator Resistance
	5.5 mmHg·min/L
	Prior publication20

	Circuit
	Drainage Limb Volume
	71 mL
	3/8" ID tubing

	Circuit
	Return Limb Volume
	71 mL
	3/8" ID tubing

	Circuit
	Drainage Limb Resistance
	1.5 mmHg·min/L
	3/8" ID tubing

	Circuit
	Return Limb Resistance
	1.5 mmHg·min/L
	3/8" ID tubing

	Circuit
	Inlet Probe Volume
	5 mL
	Typical

	Circuit
	Outlet Probe Volume
	5 mL
	Typical 


Table S3: Summary of proportional integral performance based on cannula sizes (Fr) and gain coefficients (Kp and Ti)
	Fr
	Kp
	Ti
	Rise Time (seconds)
	% Flow Overshoot
	Error
(SvO2 – Setpoint)
	Time to Steady State
 (seconds)

	20
	1000
	10
	221
	2.86E-12
	0.6918
	440

	20
	1000
	36
	899
	1.7853
	2.1785*
	Does not reach steady state

	20
	4000
	10
	27
	2.43E-12
	0.6886
	345

	20
	4000
	36
	192
	3.02E-12
	0.694
	412

	27
	1000
	10
	82
	27.0328
	0.0201
	195

	27
	1000
	36
	698
	0.6484
	0.468
	780

	27
	4000
	10
	8
	144.5452
	0.0029
	260

	27
	4000
	36
	46
	20.3093
	0.0076
	178

	31
	1000
	10
	50
	47.8647
	-7.43E-04
	400

	31
	1000
	36
	483
	0.1866
	0.106
	509

	31
	4000
	10
	3
	194.5251
	3.06E-04
	303

	31
	4000
	36
	12
	37.3319
	0.0042
	138



Fr: French, SvO2: venous oxyhemoglobin saturation, 
* Though this simulation scenario did not reach a steady state, error was estimated based on the last 100 seconds of the simulated duration 

