
We propose a computational pipeline to build a non-invasive diagnostic technique based on Computational Fluid Dynamics (CFD) by characterising CSF flow dynamics across healthy subjects and AD 
pathology. Based on our preliminary study using a Newtonian-fluid model and rigid ventricular surfaces, we demonstrate that geometry of the ventricular region plays a role for CSF dynamics and can be used 
to differentiate progressive pathologies for subject-specific modelling. We further hypothesise that modelling shear thinning behaviour in the CFD framework could play a crucial role for characterising CSF 
flow dynamics and differentiating subjects diagnosed with AD pathology. This will pave the way for development of a non-invasive digital diagnostic tool based on fluid dynamic markers.
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• AD is characterised by the accumulation of tau-protein and 

amyloid-  protein. It impairs the clearance of CSF [1].  

• CSF flows primarily through the ventricular region  to 
transport these metabolic proteins to subarachnoid spaces 
where they are absorbed by the blood. There have been 
many studies based on CFD to characterise the CSF flows 
inside the ventricular region [2,3].  

• The complex models available in literature involves multi-
physics and becomes computationally  heavy. It is thus not 
suitable for subject-specific real time diagnosis.  

• We built a computationally light CFD pipeline using T1-
weighted MRI images from OASIS database and a simplistic 
framework of Newtonian-fluid and rigid ventricular surface.  

• We check for change in the flow topology characterised 
using fluid-dynamics marker (peak velocity). This is done in 
various geometries across AD pathology and healthy 
subjects.

β

• T1-weighted MRI data for healthy cases (HC), mild-
cognitive impairment (MCI), and AD subjects (CDR = 
0,0.5,1) are sourced from  the OASIS (n=1 per group) 
database. 
• Age and sex paring is ensured to reduce biases 

• Ventricular region is segmented and smoothened using 
FreeSurfer to generate geometry for CFD. 

• A Newtonian fluid model with no-slip rigid boundaries is 
used for 3D simulation.  

• CSF generation (in the choroid plexus) and outflow (at 
fourth ventricle foramen) is modelled using robust pulsatile 
flow condition. 
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Computational modelling of ventricular CSF flow as a 
potential fluid-dynamic marker in Alzheimer’s disease

Fig. 1 Overview of the MRI-derived CFD pipeline for subject-specific CSF dynamics in the 
ventricular system showing anatomical input, reconstructed 3D geometry, computational mesh, 
simulated velocity fields, and time resolved flow profiles.

Fig. 2 (a) Subject specific contour maps from three MRI-based CFD models illustrating CSF flow 
patterns. (b) peak velocity at AoS and (c) minimum pressure variations at the AoS across a 
cardiac cycle, for the HC, MCI and AD subjects.

METHODOLOGY

• A robust pipeline is established using the following sequence: 
(I) Segmentation-smoothening in FreeSurfer (open-source) 
(II) Meshing was performed using ICEM-CFD (2023) to ensure compatibility with Fluent. 
(III) A Workbench of ANSYS was used for importing geometry, meshing and prescribing boundary conditions in Fluent (ANSYS 23R2). 

• A typical simulation data is validated against data reported in literature [3] and PC-MRI data range [4]. 

• The velocity contours from the simulations show higher peak velocity for HC and reduced peak velocities in MCI and AD. 

• The pressure shows an increase in HC and MCI subjects compared to AD subjects, due to enhanced recirculation caused by geometric enhancement in third 
ventricle of AD subjects.
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• MRI-derived CFD pipeline for subject-specific CSF flow 
simulation is developed. 

• AD subjects showed reduced peak CSF velocity and 
altered flow patterns compared to HC. 

• A large cohort of pre-diagnosed database will be 
analysed using the developed pipeline to establish 
correlation matrices based on fluid dynamic markers. 

• Future work will improve the CFD framework by 
incorporating shear-thinning CSF behaviour and flexible 
ventricular walls, enabling a better flow characterisation 
across HC to AD subjects.
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