S1: Graphical Summary of ECMO sims

An overview of all the ECMO simulations and simulators (ECMO sims) used in the
manuscript. The ECMO sims are in order of overall fidelity classification. For low-fidelity
ECMO sims, see Figure S1-10. For mid-fidelity ECMO sims, see Figure S11-26.

-

- oy
)

£3 -

Figure S1. ECMO Simulation Kit by 3-Dmed® [1] is a low-fidelity ECMO sim, containing a cannu-
lation pad and fluid-filled tubing mimicking vessels for cannulation.

Figure S2. Endo Circuit by Endo et al. [2] is a low-fidelity ECMO sim, consisting a water tank, ex-
ternal fluid-filled polyvinyl chloride tubing, mimicking vessels for cannulation at multiple cannu-
lation sites consisting of silicon tubes (grey parts), and joints (black parts).

Figure S3. Cannulation Simulator by Mahmoud et al. [3] is a low-fidelity ECMO sim, consisting of
an adult mannikin with implemented system and multiple integrated cannulation sites and fluid-
filled mimicking the vessels for cannulation.
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Figure S4. Surgical model by Palmer et al. [4] is a low-fidelity ECMO sim, consisting of three-layers
silicon polymer mimicking skin tissue. The skin model contains liquid-filled tubing mimicking the
vessels for cannulation. The skin model can be affixed on a neonatal model for cannulation practice.

Figure S5. ECMO Initiation Simulator by Thompson et al. [5] is a low-fidelity ECMO sim, consisting
of a neonatal mannikin with (partly) external cannulation sites and liquid-filled tubing mimicking
the vessels for cannulation. Some parts of the tubing have been hidden by a cover (see femoral).
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Figure S6. Aplysia by Broman et al. [6] is a low-fidelity ECMO sim with a closed-loop, real-time
cardiovascular simulation model. A schematic representation of the cardiovascular components can
be seen, consisting of pericardium (dark grey) and intra-thoracic space (light grey). Three different
veno-venous cannulation modes are show with thick black lines. The model consists of 27 vascular
segments, 4 cardiac chambers with corresponding valves, pericardium, and intrathoracic pressure.




Figure S7. ECMO Therapy Simulator by Puslecki et al. [7] is a low-fidelity ECMO sim , using a
commercially available full-body mannikin with an integrated electronic control unit, synthetic

valves, pressure sensors, and hydraulic pumps.
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Figure S8. ECMOjo by Telehealth Research Institute [8] is a low-fidelity ECMO sim. It is an open-
source computer application with several simulation options. The patient, circuit set-up, and the

accompanying parameters are shown on screen.

Figure S9. ECMO Trainer Evolution III by Creaplast [9] is a low-fidelity ECMO sim . This compu-
tational and physical model contains multiple cannulation sites and a cardiac massage simulator. A
veno-arterial circulation passed through the liquid-filled tubing mimicking pulsatile vessels.



Figure S10. Percutaneous model by Palmer et al. [10] is a low-fidelity ECMO sim. It is a vascular
ballistic gelatin model with fluid-filled tubing mimicking vessels for cannulation. The model can be
affixed on mannikins for cannulation practice.

Figure S11. Califia Patient Simulator by BioMed Simulations [11] is a mid-fidelity ECMO sim. This
device can be used for both ECMO and heart-lung machine simulations. It mimics the patient’s
hemodynamics, physiologic response, and respiratory changes.

Figure S12. Califia Lung Simulator by BioMed Simulations [12] is a mid-fidelity ECMO sim. This
device can be used for both ECMO and heart-lung machine simulations. It mimics the patient’s
hemodynamics, physiologic response (with interactive patient), respiratory changes, and simulates
the patient’s lung.
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Figure S13. Modular ECMO Simulator by Alhomsi ef al. [13] is a mid-fidelity ECMO sim. This de-
vice’s casing cotains two modules (main patient unit and patient bleeding module) with liquid-filled
tubing mimicking the vessels. Within the vessels oxygenation of blood is simulated using a thermo-
chromic loop with a heater and cooling unit for change in blood color (light red and dark red). The
device is modular and can therefore be extended with several components.

Figure S14. Parallel Simulator by Chalice [14] is a mid-fidelity ECMO sim. It is a portable and cus-
tomizable simulation hub with two high-resolution tables (control panel and monitor). The Control
panel sets vital statistics and physiological parameters can be altered to simulate situations. The
monitor can be used by the trainee to interpret vital signs.
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Figure S15. Computational ECMO Simulator by Colasanti et al. [15] is a mid-fidelity ECMO sim. A
schematic overview of the electrical circuit of the main ECMO model components: resistances and
inertances for inflow and outflow tubes, ECMO pump, and additional oxygenator resistance. The
ECMO model is connected to the cardiovascular system including: left and right ventricles, atria,
heart valves, and pulmonary and systemic circulations. The numerical model is validated and in-
cludes an hydraulic part, blood pump, oxygenator model, interface (main ECMO machine and Car-

diac monitoring module).
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Figure S16. ECMO Training Simulator by Health Care Engineering Systems Center [16] is a mid-

fidelity ECMO sim containing physiology software with pulsatile flow, hemodynamic simulations,
and a blood substitute for change in blood color.



Figure S17. Orpheus Perfusion Simulator by Lansdowne et al. [17] is a mid-fidelity ECMO sim. A
heart-lung machine (Orpheus perfusion simulator) is modified to an ECMO simulation model in-
corporating a resuscitation mannikin and oxygenation system
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Figure S18. Hybrids Vita by Medical Simulator [18] is a mid-fidelity ECMO sim. This portable and
wireless device captures the actual values of the connected ECMO machine and is integrated with:
patient simulation, debriefing systems, mechanical ventilation, and brain monitoring software.
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Figure S19. Adult ECMO Simulator by MSE [19] is a mid-fidelity ECMO sim. This screen-based
computer application can be used for single use or small group tutorials. A separate application can
remotely-control the system containing: a virtual' patient, centrifugal pump-based ECMO system,
oxygenator, physiological monitor, ventilator, defibrillator, data recording system, and drugs and
fluids for treatment.
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Figure S20. Harvi ECMO by PVLoops [20] is a mid-fidelity ECMO sim. This is an online training
platform with guided tutorials. The interactive simulation contains several cannulation configura-
tions and shows ECMO device parameters as well as patient output.
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Figure S21. Mathematical ECMO model by Zanella et al. [21] is a mid-fidelity ECMO sim. This sche-
matic representation of the numerical model consists of a simplified circulatory system of a patient
connected to a veno-venous ECMO support. It contains seven different blood districts (arterial [Ca],
venous, ECMO inlet, ECMO outlet, mixed venous, pulmonary capillary, and ML capillary), seven
corresponding oxygen contents (Ca, venous, ECMO inlet, ECMO outlet, mixed venous, ideal pul-
monary capillary, and ideal ML capillary), and numerical 2D and 3D graphical outputs.

Figure S22. Integrated Skills Trainer by Allan et al. [22], is a mid-fidelity ECMO sim consisting of a
cannulation inlay pad with blood-like fluid filling the silicon tubing representing the vessels.



Figure S23. RediStik ECMO Cannulation Trainer by Texas Children’s Hospital [23] is a mid-fidelity
ECMO sim. A cannulation neck simulator with anatomical landmarks (mandible, clavicle, SCM),
neurovascular positioning, color and feel, and possibility for exposure, cutting, and applying trac-
tion sutures/tourniquet controlling the vessels.

Figure S24. Eigenflow 2 ADVANCED by Curtis Life Research [24] is a mid-fidelity ECMO sim. A
multifunction, wireless, and remote controlled simulator. The Eigenflow 2 ADVANCED can be con-
nected to an ECMO circuit and has two variable controlled valved for clinical simulations. Further-
more, the 3-Dmed® ECMO cannulation kit [1] is used for cannulation training.



Figure S25. ECMO Trainer Professional MK2 by Erler Zimmer [25] is a mid-fidelity ECMO sim
consisting of pump simulating arterial and venous circulation, an option for cannulation, and mon-
itoring.

Figure S26. E-Sim Pro by The Simulator Company [26] is a mid-fidelity ECMO sim. Available op-
tions are: multiple cannulation site, connection to ECLS, heart rate control, cardiac output control,
with physiological blood flow.
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