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Motivation
Non -Compressible Torso Hemorrhage has a disproportionately high mortality

resulting from medium -grade, potentially survivable injuries on the battlefield
Reproduced from Eastridge, Brian J., et al Reproduced from Kelly, Joseph F., et al. Journal
Journal of trauma and acute care surgery (2012) of trauma and acute care surger{2008) Reproduced fromJ. B. Holcomb et

al., Annals of Surgery (2007)
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Promising invivo Observations

Courtesy: Arshad, Saaid H., et al. "Endovascular Localization of Aortic Injury in a
Porcine Model." IEEE Open Journal of Engineering in Medicine and Biolog{2025).
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The NCTH Simulator
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NCTH Simulator
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Aortic Phantom
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Windkessel Module @
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Windkessel Module
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Windkessel Module T Assembly
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Flow from
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3D Printed Manifold

Full-port ON/OFF valves adjust the vascular tone (vasoconstriction or vasodilation) in real
time 17 Effortless resistancelevel changing

Each assembledWK-3 or impedance module connectsto a branched vesselof the phantom
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Results
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Normovolemic Characterization
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Normovolemic Pressure Waveform
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Non -Compressible Torso Hemorrhage
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Normovolemic and Hemorrhagic CO (%) Distribution
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Disproportionate hemorrhagic vascular tone led to the preferential redistribution
of cardiac 1 withdrawal from visceral beds and towards the cerebral beds

f& College of Engineering



Endovascular Localization of Aortic Hemorrhage
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Resuscitative Endovascular Balloon Occlusion of the Aorta (REBOA)
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...
Resuscitative Endovascular Balloon Occlusion of the Aorta (REBOA)
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Resuscitative Endovascular Balloon Occlusion of the Aorta (REBOA)
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Limitations & Future Work

Vasospasmat the injury location enforced via

external phantom compression

Currently only modeling aortic hemorrhages

Only pressure-based endovascular hemorrhage Explore endovascular

localization investigated

Need precise characterization of local
vasospasm profile at injury location
for fabricating customized phantoms

Modify the  simulator to  model
Branched artery & Solid organ injuries

velocity & flow -
based localization
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View from the
Iliac side
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...
Waveform Morphology Comparison with Porcine data
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Endovascular Localization of Hemorrhage (Porcine Comparison)
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Repeatability
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...
Pulse Pressure Augmentation
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Aortic Pulse Wave Velocity

U Experimental aortic PWV (aPWV):
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U Higher value representative of a
middle -agedto an older adult aPWV

U Attributed to higher stiffness of the
aortic phantom (E = 0.73 MPa)

U More compliant phantom (E  0.17 0.3

— Proximal Foot MPa) needed to achieve lower aPWV
— Distal Foot Jeong, JaeHak, et al. Scientific Reportsl3.1 (2023)

U Strong agreement (2.1%)  with

30044 Womersley model derived theoretical
PTT determined using the intersecting tangent method aPWV
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Bilateral Hemodynamic Symmetry
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Normovolemic Branch Mean Flowrates
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Non -Compressible Torso Hemorrhage I Systemic Level

L. Gastric

A Zone 1 aortic hemorrhage
mimicked via a bleed from left
gastric artery at 1.1 mL/sec

Volume loss mimicked
by areduced SV

Compensatory responseintroduced in two phases
1 Tachycardia(Increased pump stroke rate)

2. Tachycardia + Peripheral Vasoconstriction
(Increased Total Windkessel Resistance)
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