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INTRODUCTION 

Insertion of astronauts into microgravity induces a cascade of physiological adaptations, notably including a 

cephalad fluid shift. Longer-duration flights carry an increased risk of developing Visual Impairment and 

Intracranial Pressure (VIIP) syndrome, a spectrum of ophthalmic changes including posterior globe flattening, 

choroidal folds, distension of the optic nerve sheath, kinking of the optic nerve and potentially permanent 

degradation of visual function. The slow onset of changes in VIIP, their chronic nature, and the similarity of certain 

clinical features of VIIP to ophthalmic findings in patients with raised intracranial pressure strongly suggest that: (i) 

biomechanical factors play a role in VIIP, and (ii) connective tissue remodeling must be accounted for if we wish to 

understand the pathology of VIIP. Our goal is to elucidate the pathophysiology of VIIP and suggest countermeasures 

based on biomechanical modeling of ocular tissues, suitably informed by experimental data, and followed by 

validation and verification. We specifically seek to understand the quasi-homeostatic state that evolves over weeks 

to months in space, during which ocular tissue remodeling occurs. This effort is informed by three bodies of work: 

(i) modeling of cephalad fluid shifts; (ii) modeling of ophthalmic tissue biomechanics in glaucoma; and (iii) 

modeling of connective tissue changes in response to biomechanical loading.  

METHODS 

Key to successful modeling of VIIP is tight integration between a compartmental fluid shift model and a 

biomechanical response model for ocular tissues (Figure 1). Intracranial pressure (ICP), cardiovascular pressures 

(CVP) and intraocular pressure (IOP) are computed from lumped-parameter models and used as external loads to 

drive finite element models of ocular tissues, specifically the optic nerve sheath (ONS) and posterior globe. 

Glaucoma is an ophthalmic condition in which altered fluid pressures (specifically IOP and ICP) are associated with 

connective tissue changes and long-term loss of visual function, and thus shares certain features with VIIP. Finite 

element models of ocular biomechanics in glaucoma allow the biomechanical response of anatomic-specific 

representations of relevant ocular tissues to be quantified (Figure 2). They also permit large-scale parametric studies 

designed to identify the anatomic and biomechanical factors that are most influential in determining the response of 

the eye to changes in pressures; such information helps guide experimental and clinical measurements. These 

models can be coupled to growth and remodeling (G&R) simulations, in which cell-mediated alterations in 

connective tissue micro-, meso- and macro-architecture are quantified. This approach will allow us to identify the 

most important biomechanical factors involved in the VIIP syndrome.  

Figure 1. High-level overview of our proposed computational 

studies of VIIP, showing information flow among finite-element, 

tissue and lumped-parameter sub-models. CNS = central 

nervous system; CVP = cardiovascular pressure; CVS = 

cardiovascular system; LS = lymphatic system; ICP = 

intracranial pressure; IOP = intraocular pressure; ON = optic 

nerve; ONH = optic nerve head; P = pressure; Q = flowrate; RS-

SAS = retrobulbar sub-arachnoidal space;  = strain;  = stress. 

Figure 2. Finite element modeling of 

posterior eye biomechanics. A patient-

specific human optic nerve head, 

reconstructed from serial histologic 

sections, is embedded in a generic 

corneo-scleral shell, which is pressurized 

to different levels of IOP (left). This 

allows the computation of local tissue 

deformations and hence mechanical 

strains (color; right). From Sigal et al., 
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