Advancing Life Support with an Open-Source ECMO Simulation Model
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INTRODUCTON RESULTS Table 3. Initial State Showing Indication for ECMO Initiation
. « .. . . . Accepted Simulated _
. Extracorporeal membrane oxygenation (ECMO) provides advanced life support Extr?corporeal Life Support Organlzatu‘)n (ELSO) (.Swdelme.-Baseo.l Comparlso.n [2, 3] Property Name Value Value | PASS/Fail
for respiratory or circulatory failure * Simulated management of a mechanically ventilated patient with severe bilateral ARDS, Vent VT Setting for 4-6 mL/kg (mL} 301 - 602 [2 236]  Pace
« Effective ECMO therapy requires managing complex physiological interactions with and without VV ECMO support Vent RR Setting (bpm) 10 - 30 [2] 19.9| Pass
and significant clinical expertise » Femoral vein inlet and internal jugular vein outlet, consistent with ELSO recommendations ~ [V&ntPIZ Setting [cmH20) <3002 29] Pass
» Developing a robust digital twin simulation helps explore the effects of support for adult respiratory failure Yent PEEP Setting (cmf20) 21012 2L o=
titration and treatment strategies pH indication for ECMO initiation < 7.25 [2] 7.23] Pass
. : & , : : PaCO2 indication for ECMO initiation (mmHg) > 60 [2] 63.8| Pass
* |n silico evaluation of autonomous life-support strategies for use in austere and Initial Simulation Scenario Segment (Table 3) = No ECMO Support: pa02/Fi02 indication for ECMO initiation (mmHg) 802 —

pre-hospital settings can inform deployment in challenging environments

, , , , * Represents baseline care for a patient meeting criteria for VV ECMO
* A simulation-based approach can improve ECMO outcomes by enabling:

Table 4. Final State with ECMO Lung Rest Strategy

* Ventilator settings reflect aggressive ARDS management prior to ECMO initiation

* |nnovation in device design Accepted | Simulated _
Property Name Pass/Fail
 Development of automated control systems _ . _ . | Value Value
« Predictive modeling of patient-specific response and therapy optimization Final Simulation Scenario Segment (Table 4) — With ECMO Support: Vent VT Setting for 4-6 mL/kg (mL) 301- 602[2 341| Pass
» Synthetic data to train Al tools and support clinical decision-making * VV ECMO initiated using ELSO-recommended parameters Vent RR setting (bpm) 4-1512 10] Pass
 Extending the open-source Pulse Physiology Engine [1] to model ECMO * Ventilator settings adjusted to lung-protective levels per the ELSO lung rest strate vent & Ratgsethe m1l2 il Fe
Xtending _ P u u ¥l gY . &l _ 5 J 5P P 5 sY Vent PIP setting (cmH20) < 25 [2] 22| Pass
hemodynamics and substance transport provides a flexible platform for Vent PEEP setting (cmH20) 102 10l Pace
research, testing, and training ECMO Configuration Experimental Data Validation ECMO Blood Flow setting (L/min) 4-6[2) 4.5\ Pass
P I  Ten mechanically ventilated ARDS patients receiving femoro—jugular VV ECMO were ECMO Sweep Gas Flow setting (L/min) 1-1012 3| Fass
. - - Suction Pressure to prevent issues (mmHg) =-300 [3] -70.4| Pass
studied by Schmidt et al. [4
pu Ise'kltwa re.com u S e Y . 4] . . Cutlet Pressure to prevent circuit strain (mmHg) <400 [3] 155 Pass
Physiology Engine * In the experimental protocol, blood gases were measured after independently varying MAP for adequate perfusion (mmHg) - 652 96.1| Pacs
circuit blood flow or sweep gas flow, with all other settings held at their maximum oH for normal range 7.35-7.45[2 7.38| Pass
« Simulated validation scenarios followed the same approach to evaluate model Pa02 for target oxygenation (mmHg) 60-100([2 89.2) Pass
METHODS 16 oerformance under comparable conditions PaCo2 fcurt?rge_t co2 cleara_m:e (mmHg) 35-45[2: 43.4| Pass
. . _ _ _ Sp02 to maintain oxygenation (%) > 95 [2] Pass
Bag 1, * Figures 2 and 3 display whisker plots of measured data (gray) [4] with simulator results
Q overlaid (red)
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. 1 * Figure 4 presents an example of the automated landing monitor used to support
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* Implemented a physics-based lumped . . 651 I 10-
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