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Modelling of the hepatic circulation by combining
vascular corrosion casting and micro-CT imaging

Introduction: Hepatic perfusion plays a crucial role in many liver-related research areas (e.g. living donor
liver transplantation, machine perfusion preservation, cirrhosis). Nevertheless, liver perfusion remains
relatively poorly understood, especially at the microcirculation level. It is thus essential to clarify the
hepatic vascular morphology and hemodynamics. Therefore, we visualised the liver macro- towards
microvasculature and performed computer simulations of the hepatic circulation.

Methods and results: Vascular corrosion casting was applied to a human liver (discarded for
transplantation) by simultaneous injections of resin (Batson’s " '#17, Polysciences, USA) in the hepatic
artery and portal vein. Data on the liver macrovasculature were gathered by a high resolution (110 um)
in globo micro-CT scan. Consecutive samples of different orders of magnitude were dissected from the
cast and imaged at increasing resolutions, the most detailed scan (resolution 2.6 pm) obtained from a
sample of + 0.134 mm3. Image processing (Mimics, Materialise, Belgium) allowed segmentations and 3D
reconstructions up to the sinusoidal network (Figure 1). These data were used to quantify branching
topology and vessel features such as radii (up to 13 generations: range 13.2 to 0.08 mm; sinusoids: 6.63
pum) and lengths (range 74.4 to 0.74 mm). Sinusoidal porosity was found to be 0.15 + 0.03. Various
computational models (electrical network analogues, detailed 3D computational fluid dynamic models)
were used to model pressure drops and flows throughout the liver (Figure 2; results of electrical liver
model for natural blood flow and hypothermic machine perfusion). Microcirculatory flow simulations
revealed anisotropic permeability characteristics within liver lobules (higher permeability parallel to the
central vein; lower permeability in radial or circumferential directions).

Conclusion: Combining vascular corrosion casting and micro-CT imaging allows (i) to quantify the hepatic
vascular anatomy up to the microcirculation level, and (ii) to model hepatic perfusion. This approach may
lead to novel insights into liver microcirculation, that can be used to study normal and pathological liver
perfusion in the future.
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Figure 1. (a) Vascular corrosion cast at the level of the hepatic microvasculature and
(b) 3D reconstruction of a sinusoidal cube (0.15 x0.15x 0.15 mm?)
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Figure 2. Results of the computational liver model: (a) Pressure profile throughout the liver for natural
blood flow; (b) Hepatic arterial (HA), portal venous (PV) and hepatic venous (HV) blood flow in different
conditions (natural blood flow, hypothermic machine perfusion (HMP)).



