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Natural biological tissues such as blood vessels exhibit a J-shaped strain–stiffening 
response: they are compliant at low strains and stiffen at higher strains, limiting excessive 
deformation and preventing damage [1]. They also show marked anisotropy and spatial 
heterogeneity, which are difficult to replicate with homogeneous synthetic materials. Ex-vivo 
heart perfusion (EVHP) preserves donor hearts by maintaining them in a viable, beating 
state outside the body under near-physiological conditions at 37 °C. However, conventional 
EVHP systems use rigid, noncompliant plastic tubing, which causes early pressure-wave 
reflections during the cardiac cycle. This may increase mechanical stress at the tissue–tube 
interface and raise the risk of graft injury or rejection. We propose that compliant, rapidly 
strain-stiffening (“J-shaped”) tubing that mimics the human aorta could address this 
limitation. 

 
In this work, we replicate the nonlinear, anisotropic mechanical behavior of the human aorta 
using engineered elastomeric composites to replace rigid tubing. Mechanical 
characterization of human and porcine aortas across five anatomical regions quantified 
nonlinearity and anisotropy [2]. Fabric-reinforced composite elastomers were developed, 
and a constitutive model was established [2]. Compliant elastomeric tubes with external 
fabric “jackets” were fabricated to control radial expansion and prevent aneurysm-like 
deformation [3]. A custom hydraulic pressure system and 3D finite element modeling 
supported their characterization [3]. Performance was validated in a mock EVHP setup, 
where pressure waveform measurements confirmed effective flow modulation [4]. Ongoing 
work focuses on 
integrating the 
jacketed design 
into EVHP 
systems and 
exploring broader 
biomedical and 
industrial 
applications. 
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