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3D Modelling:
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Flow Boundary §

CFD Setup
« Solver: SIMPLEC with skewness correction = 2
e Timestep: dt = T / 80 (s)
e Fluid Properties:
* Density, p = 998.2 kg/m?
* Viscosity, p = 0.001003 Pa-s
« Simulation length: 3 cardiac cycles
* Mesh and timestep sensitivity analyses
performed

Pressure Outlet Condition

¢ Comliance = 2.1e-10 F

by arterial expansion of the brain during each

+ Implementation: Applied a sinusoidal velocity to the
ventricular system and inner cranial SAS
« Frequency = 82.4 bpm (period = 0.73 s)

+ Boundary assumptions: Ventilatory effects
excluded to isolate purely cardiac-driven flow

an effective compliance model
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* Less than 1% of CSF leaving the 4th ventricle
enters the central canal
o The first estimate of the fraction of flow that Fraction of CSF
may drive syrinx formation Flow Volume [pl] Volume [%]
Pressure Boundary Systolic |Diastolic| Net |Stroke| Systolic |Diastolic
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Flow Animations:

Please Scan This To See Flow Visuals!!
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Conclusions:

In this work we present the first cardiac cycle-resolved CFD simulation of
cerebrospinal fluid flow in a Cavalier King Charles Spaniel. The simulations
show that Reynolds numbers never exceeded 30, confirming that the flow remains

firmly laminar. By contrast, human studies often report higher Reynolds
numbers, which help explain the more complex flow patterns described
clinically. The Womersley numbers were consistently greater than one,
indicating that CSF motion in the CKCS is pulsatile and inertia-driven, as

However, these values were significantly
suggesting that the flow in dogs is less
inertially dominated. Together, these findings highlight important species-
specific differences in CSF dynamics. Most importantly, they demonstrate how
CFD can provide access to pressures and gradients that cannot be measured with
MRI alone, offering a new window into the mechanisms that may contribute to
Chiari-like malformation and syringomyelia.
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