
Cerebroporomechanics in neurological 
disorders with aquaporin-4 effect

Abstract 
For many common neurological disorders, cerebral oedema 
plays an critical role associated with morbidity and death. The 
typical options of current treatments regimes mainly involve 
hyperosmolar agents and surgical decompression; these 
therapies have been utilised for 80 years. Modulating brain 
water transport via AQP4, which ultimately reduces cerebral 
oedema, was proposed by Manley et al. in 2000 and was 
published with experimental results (via a mouse model) in 
Nature Medicine. Since AQP4 on glial cells is highly related 
with the glymphatic system due to the end-feet regulating 
water via AQP4 channels, the water mobility in the glymphatic 
system/ PVS/ ISF compartment and AQP4-deficient expression 
in the glymphatic system/PVS/ISF compartment are 
manipulated as well in order to confirm this alleviated cerebral 
oedema hypothesis.
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the activity of water channel proteins (WCPs) is a critical issue which has not been fully explored. 
In recent years many neuroscience research groups have made attempts to address topics concerning WCPs. 

After the discovery of the first AQP (AQP1) in red blood cell membranes, other WCPs have been discovered in 
various parts of the human body, including the brain and the nervous system (NS), where they are believed to 
play a role in physiology and pathology [3] [4]. AQP effects are not well understood, especially when the dif-
ferent interplaying scales of the cerebral environment are considered. 

We propose extending the Multiple-Network Poroelastic Theory (presented previously by the group) with an 
AQP mechanism (MPET-AQP). Further to this, we propose to embed the new model within a finite-volume 
computational fluid dynamics (CFD) framework, for the purpose of studying, in detail, the transport of water 
within a patient-specific cerebral environment reconstructed from T2 weighted MRI data. The advantage of us-
ing the MPET-AQP formulation is that it allows the investigation of fluid transport phenomena regarding CSF, 
brain parenchyma and cerebral blood across all scale, in a physically consistent and comprehensive manner. 

2. Methodology 
The one-dimensional consolidation of clay soils was described by Karl von Terzaghi who coined the term po-
roelastic theory [5]. Biot introduced a three-dimensional generalization of the poroelastic theory in 1941 [6] to 
describe the settlement of soil under a load where the mechanism of consolidation is similar to the process of 
squeezing fluid from an elastic porous medium (like a sponge). Since then, this theory has had wide applications 
in Mechanical Engineering, e.g. two phase flows [7] and in Civil Engineering (e.g. Geotechnical Engineering 
[8]). This framework has also been applied on biological soft tissues, for the last 10 - 15 years [9]-[13]. At the 
macroscopic level, it is rational that we base our analysis on the MPET model in order to illustrate the behavior 
of CSF in the parenchyma within the cerebral environment (shown in Figure 1). 

2.1. MPET-AQP Model 
This research proposes a novel application of Multiple-Network Poroelastic Theory (MPET) to investigate water 
transport in the brain. This study adopts an extension of Biot’sporoelastic theory [5] which was initially used to 
describe the relationship between the pressure of a fluid permeating a solid matrix and its constituent displace-
ment (consolidation). The system equations for the MPET model are can be cast as: 
 

 
Figure 1. The ventricular system of the human brain. 
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