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Brief description of the Department 
and Research Group (including 
URL if applicable): 

The Department of Chemistry, Materials and Chemical 
Engineering 
‘Giulio Natta’ conjugates competences in chemistry, chemical 
engineering, biological–biomechanical engineering, 
materials science and engineering. The Laboratory of Biological 
Structure Biomechanics (LaBS) was established in Feb. 2000 
and has the mission to carry out applied research in the field of 
biomechanics, with a main focus on implantable devices and 
minimally-invasive procedures. LaBS has a significant expertise  
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in the use of computational solid and fluid dynamics modelling 
techniques starting from medical imaging. 

 
 
 
Brief project description: 
(max 1 page) 

Multiscale model of the liver circulation for the study of 
liver pathologies  
 
The development of computational (in silico) tools to support 
biological research is a central topic in the field of biomedical 
engineering. Such tools are crucial in applications where 
experimental methods either cannot be used or do not provide a 
complete view of the phenomena, which exhibit inherently a 
multiscale nature. This is the case when studying the immune 
response to pathologies of the liver, where the biological 
mechanisms studied in vivo on animal models also have an 
important biomechanical component at the level of 
microcirculation. 
The liver is organised in functional units of hexagonal structure 
- lobules - that are characterised by rather a peculiar blood 
microcirculation. Blood enters the liver lobule from branches 
of both the hepatic artery and the portal vein, flows through a 
tangled network of sinusoids and exits from central veins, 
located at the centre of lobules. CD8+ T-cells (CD8Ts) are a 
particular kind of T-lymphocyte - a type of white blood cell - 
that kills cancer cells, infected or damaged cells. In the liver 
pathologies, CD8Ts play a critical role in the immune defence 
against infections (e.g. hepatitis B virus, HBV) and tumours 
(e.g. the hepato-cellular carcinoma, HCC). 
This research project aims at developing a computational 
approach to investigate blood cell transport at the level of the 
liver sinusoidal network. Information derived from local 
hemodynamic quantities will be utilised to derive tissue 
quantities (e.g. local tissue permeability, cellular consumption 
and secretion of different biochemical factors) by means of 
homogenisation techniques. It is expected that the integration 
of this microscale model into patient-derived anatomies will 
lead to macroscopic circulatory models of liver portion (e.g. in 
terms of pressure and flow distribution) also useful to support 
clinical decision-making and the design of personalised 
therapies for the treatment of the liver pathologies (e.g. in terms 
of distributions of drug or radioactive particles). 
 
 
 

 


