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Abstract

We examined the effect of minimal lumen segmentation uncertainty on Frac-

tional Flow Reserve obtained from Coronary Computed Tomography Angiog-

raphy FFRCTð Þ. A total of 14 patient-specific coronary models with different

stenosis locations and degrees of severity were enrolled in this study. The opti-

mal segmented coronary lumens were disturbed using intra �6%ð Þ and inter-

operator �15%ð Þ variations on the segmentation threshold. FFRCT was evalu-

ated in each case by 3D-OD CFD simulations. The findings suggest that the

sensitivity of FFRCT to this type of uncertainty increases distally and with the

stenosis severity. Cases with moderate or severe distal coronary lesions should

undergo either exact and thorough segmentation operations or invasive FFR

measurements, particularly if the FFRCT is close to the cutoff (0.80). Therefore,

we conclude that it is crucial to consider the lesion's location and degree of

severity when evaluating FFRCT results.

KEYWORD S

computational fluid dynamics, coronary blood flow, fractional flow reserve, patient-
specific, threshold-based segmentation, uncertainty quantification

1 | INTRODUCTION

Anatomic and functional assessments are usually employed to check if a coronary artery affected by a stenosis needs
revascularization. The first one measures the lumen narrowing percentage observed in a Coronary Computed Tomogra-
phy Angiography (CCTA).1 Although it has the advantage of being a non-invasive technique, it frequently leads to false
positives.2,3 Conversely, a functional assessment accurately detects the risk of ischemia, which reduces the number of
interventions, the total cost, and the adverse effects.4,5

The leading procedure to perform a functional assessment is the measurement of the Fractional Flow Reserve
(FFR). FFR is the blood flow ratio in the damaged coronary to that in the same coronary if the stenosis was not present
(both measured in maximum hyperaemia conditions).6 As this definition cannot be applied in practice, it is replaced by
the pressure waveforms measured proximal and distal to the stenosis. Specifically, it is the ratio of the distal pressure,
pd, to the proximal pressure, pa, both averaged over a cardiac cycle.6,7 During the coronary catheterization, both pres-
sures are measured over several cardiac cycles, and their mean values are calculated as

Received: 6 December 2023 Revised: 20 February 2024 Accepted: 24 March 2024

DOI: 10.1002/cnm.3822

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2024 The Authors. International Journal for Numerical Methods in Biomedical Engineering published by John Wiley & Sons Ltd.

Int J Numer Meth Biomed Engng. 2024;e3822. wileyonlinelibrary.com/journal/cnm 1 of 17

https://doi.org/10.1002/cnm.3822

https://orcid.org/0000-0002-2274-1374
mailto:cfll@unex.es
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/cnm
https://doi.org/10.1002/cnm.3822
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fcnm.3822&domain=pdf&date_stamp=2024-04-02


4 | CONCLUSIONS

We have calculated the impact of tiny variations in the global segmentation threshold on the FFRCT value, which esti-
mates the lowest bound of error that a skilled radiology team may achieve. The potential impact depends on the coro-
nary stenosis' location and its severity. The results have shown that the uncertainty generally increases distally due to
the smaller lumen cross-sectional area. Therefore, it is essential to consider the location and severity of the lesion when
interpreting FFRCT results. Proper and meticulous segmentation procedures should be applied to cases with moderate
or severe distal coronary lesions, especially if the FFRCT is near the established limit (0.80) for stent placement interven-
tion. If in-hospital scanner accuracy is limited, computational FFR should be restricted to proximal coronary lesions.
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