Simulation of Unsteady Two-Phase Flows Around a Passive Check Valve in Patients with Hydrocephalus

Abstract

Hydrocephalus (HCP) is a medical condition where an excess amount of cerebrospinal fluid
(CSF) accumulates within the ventricles of the brain. As CSF accumulates, it exerts a
pressure on the brain. The applied pressure arises from excess CSF. Current medical
treatments for HCP are invasive, requiring macroscopic shunts. These shunts have high
failure rates and must be removed within two years of the surgery. The team performs
simulations around 2D needle geometries to re-establish draining capabilities in the brain.
Simulations done on these geometries reveal unsteady flow characteristics at the needle’s
outlet. Flow unsteadiness enhances mixing of CSF with incoming blood and drains out of
the valve.

Background

Hydrocephalus

*Chronic, Congenital Neurological Disorder
*Accumulation of Cerebrospinal Fluid (CSF) in ventricles
*Fatal Intracranial Pressures (ICP)

*Pressure across brain tissue and CSF

*Faulty Arachnoid Granulations (AGs)

*Inhibit draining of CSF

*Normally, AGs move CSF unidirectionally

Interior Subarachnoid Space (SAS) to Sagittal Sinus
*Regulates ICP

Normal Function of AGs

*Passive Valves with Three Features:

*Regulate Flow

*AP (Differential Pressure Between SAS and Draining Region)
*PT (Cracking Pressure)

*When (AP < PT)

*Unidirectional Flow

*Flow Out of The Valve

*Qo =20

*Retain Nonzero or Zero PT

Problems with Standard Catheters
*>50% Shunts Fail Within Two Years of Implantation
*Leads to More Invasive Surgeries
*Faulty shunts lead to:

*Mechanical Malfunctions
*Infections

*Subdural Hematomas

*Blockage

*Overdrainage and/or Underdrainage
*Size of Shunts

*Susceptible to:

*External Forces

*Siphoning Effects
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Applications

The current CSF treatment develops multiple medical conditions for the patients. Through
the alternative approach, the geometric properties can significantly decrease the amount
of medical conditions brought forth by the original treatment.

Current HCP Treatment Alternative Approach
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Geometry for HCP Valve
*Dimensions:

*Needle diameter = 5mm

*Height = 10mm

*Gap = 200pum

ANSYS FLUENT

*Pressure-based

*Transient

*Blood and CSF (Newtonian fluids)
*Turbulence model (k-epsilon) i é
*Boundary conditions:

*X-velocity = 0.2m/s + 0.02m/s*cos(7.85*s"-1*t)
*Gauge total pressure = 1500Pa

CSF leaves HCP valve, mixes with the passing blood and is transported to a distal organ.

The incoming mass flow rate of blood that mixes with/transports CSF.
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This study will resume in the spring 2021 semester. Additional geometries will be modeled.
The geometry will be generalized from 2D to 3D for more realistic applications.
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