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Introduction - Non-invasive methods for estimating 3D distributions of intravascular pressure would 

significantly benefit the clinical practice for a wide range of vascular diseases. Intravascular pressure 

fields can be derived directly from computational fluid dynamics (CFD) or from 4D flow-based velocity 

fields by solving the Poisson pressure equation (PPE) [1]. However, both techniques still have 

limitations [2]. Variational data assimilation (VarDA) can be used to find optimal boundary conditions 

(BCs), effectively minimizing a misfit cost with respect to measured data and concurrently forcing 

consistency with physical and constitutive laws. In this work, a 4D (3D space and time) VarDA 

algorithm was employed to combine CFD with 4D flow MRI, improving 4D flow-derived pressure 

estimation.  

 

Methods - A 4D flow MRI acquisition of a subject with saccular cerebral aneurysm was processed using 

previously developed in-house tools [3]. 4D flow-based relative pressure fields were computed as 

described by [1]. A transient blood flow CFD simulation was carried out using a finite element method 

implemented through FEniCS [4], discretizing the Navier-Stokes equations in time using a θ time-

stepping scheme. Zero-pressure was applied as outlet BC while a plug velocity profile was prescribed 

at the inlet. The 4DVar algorithm was developed through the dolphin-adjoint library [5]. The 4DVar 

optimization routine was carried out for 30 iterations in order to minimize a cost functional formed by 

the combination of mean-square-error with respect to 4D flow observations and spatiotemporal 

regularization terms. In order to avoid near-wall region errors of 4D flow MRI acquisition the cost 

functional was defined over an inner subdomain at a fixed distance from the original boundaries 

according to [2]. 

 

Results - The velocity fields obtained with the CFD simulation using a plug velocity profile were in 

good qualitative agreement with the 4D flow velocity data, resulting in a root-mean-square error 

(RMSE) of 0.21 m/s. After 30 optimization iterations, the 4DVar algorithm allowed to obtain velocity 

fields that better resembled 4D flow data, successfully resulting in a lower RMSE of 0.13 m/s. 3D 

pressure maps obtained from 4D flow were significantly lower than CFD and 4DVar results. However, 

lower discrepancies were observed in terms of pressure between 4DVar and 4D flow (RMSE = 1.882 

mmHg) than between CFD and 4D flow (RMSE = 3.360 mmHg), at systolic peak.  

 

Discussion - Estimating pressure from 4D flow by solving the PPE is known for underestimating true 

pressure values. CFD can result in low fidelity velocity fields and pressure distributions. Our results 

show that by assimilating 4D flow data into CFD, one can obtain velocity fields and 3D pressure maps 

that are in better agreement with 4D flow-derived values. 
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