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REPLY FROM AUTHORS:
THE UNBEARABLE
WEIGHT OF SHAPE AND
FLOW QUALITY
Reply to the Editor:
We read with great interest the commen-

tary by Asada and colleagues1 discussing
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the role of neoaortic shape in patients un-

dergoing the Norwood procedure. Since the advent of the
Norwood procedure, much attention has been paid to the
ideal shape of the reconstructed neoaorta, and several itera-
tions of the original procedure have been proposed.
Recently, there has been a growing interest in evaluation
of postsurgical outcomes using either computational flow
dynamics (CFD) or 4-dimensional flowmagnetic resonance
imaging. Both imaging techniques enable a comprehensive
qualitative and quantitative assessment in patients with
complex congenital anatomy. The 2 primary vascular
research avenues focus on (1) interactions between flow-
mediated hemodynamic forces (wall shear stress) and tissue
remodeling and (2) interactions between observed flow pat-
terns and geometry or geometry-dependent mechanical
properties (stiffness, distensibility, etc). An additional novel
and exciting field of clinical flow hemodynamics focuses on
patient-specific surgical planning and how different bound-
ary conditions influence flow hemodynamic patterns.2

Asada and colleagues1 have recently developed a new
procedural variant, the “Chimney” technique, with the
intention of designing neoaorta with gradual tapering of
the ascending diameter without the use of homograft
patch.3 Their initial promising results revealed a recoarc-
tation rate similar to those encountered when using the
more prevalent interdigitating technique, although a
larger cohort study is necessary for further validation
and evaluation of long-term outcomes. The authors
further reenforced their results through postoperative
CFD analysis demonstrating cohesive systolic flow
without excessive formation of secondary flow forma-
tions in the ascending aorta and arch. In our recent study,
we demonstrated that gradual neoaortic tapering is
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associated with smaller viscous energy loss and, there-
fore, better flow quality.4 We analyzed flow hemody-
namics directly in vivo using 4-dimensional flow
magnetic resonance imaging, hence eliminating some of
the physiologic and geometric boundary condition con-
straints associated with CFD.

Cumulatively, CFD findings from Asada and colleagues1

and our study complement each other and underlie the
importance of gradual neoaortic tapering to generate
optimal flow trajectory from the neoaortic valve to the de-
scending aorta. The clinical utility of flow hemodynamics
is yet to be determined and will require a prognostic longi-
tudinal study. Meanwhile, we suggest collecting as much as
flow hemodynamic data as possible to retrospectively eval-
uate the most ideal aortic shape. Currently, we are exploring
principal component analysis, a dimensionality reduction
and feature extraction technique, as an unbiased statistical
method to investigate basic geometric modes and their asso-
ciation with flow hemodynamics and clinical outcomes.
This approach has been already explored in patients with
surgically repaired aortic coarctation where specific arch
features have been well correlated with the left ventricular
function.5 Overall, we would like to thank Asada and
colleagues1 for their iterative engineering-based approach
toward Norwood reconstruction and for indirectly confirm-
ing our results. Let’s continue to go with the flow.
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