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Background

Ischaemic heart disease causes an insufficiency of coronary blood flow (CBF); but
absolute flow (mL/sec) cannot be directly measured, so cardiologists use measures
of pressure, Doppler-velocity and thermodilution as proxy markers. Recently, we
described a novel computational fluid dynamics (CFD) model of absolute coronary
blood flow modelled from angiography, and a standard pressure wire measurement
(virtuQ™). The aim of this project was to develop and validate a method for
simulating and predicting CBF at all levels of the epicardial circulation.

Methods

Invasive angiograms from 27 patients with chronic coronary syndrome were
modelled. Inlet and outlet flows were modelled using virtuQ™. In this newly-
developed method, side-branch flow was simulated by implementing a ‘porous wall’
boundary condition in the CFD model. The magnitude of flow loss was predicted by
Murray’s vascular scaling law. Side-branch flow was simulated a) homogeneously
(diffuse flow along arterial wall) and b) regionally (proportional to the reduction in
vessel calibre). Results were validated against the continuous infusion thermodilution
(Abbott, Coroventis™) method using the Rayflow catheter (Hexacath).

Results

Both methods were successful but the homogenous method (r=0.47, P 0.0064; zero
bias; 95% CI -168 to +168 mL/min) was superior to the regionalised method (r=0.43,
P 0.0127; zero bias; 95% CI -175 to +175 mL/min) when compared with the invasive
technique.

Conclusions

Absolute coronary blood flow can be estimated from angiographic images and a
pressure wire measurement using a computational workflow (virtuQ™). The method
includes a model of flow loss from visible and invisible branches. This may be useful
in patient-specific coronary physiological modelling and advanced physiological
assessment.



