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While the clinical outcomes of
different approaches to valve
repair may be similar, the
biomechanical results can be
drastically different.
Edgar Aranda-Michel, BS,a and
Ibrahim Sultan, MDa,b

Mitral valve regurgitation (MR) is the secondmost common
valve pathology, preceded only by aortic stenosis.1

Standardization of surgical repair in this cohort is
challenging, given the various etiologies and a variety of
valve repair techniques. This is particularly prevalent with
neochordae implantation. In this issue of the Journal,
Caballero and colleagues2 use finite element analysis to
examine the hemodynamic and biomechanical results of
neochordae attachment profiles via a transapical approach.
The most important finding in this paper is that while
various attachment techniques resulted in resolution of
MR, there were drastic differences in the tension and stress
in the chordae and leaflet, respectively. This emphasizes
that while the clinical results may be equivalent, the
underlying mechanical consequences can differ
substantially, a metric that is only obtainable via such
computational methods.

All models are wrong, but some are useful.3 This is an
adage that is tied to any model development or analysis. It
is paramount to interpret the results of any simulation in
the context of the simplifications made in constructing the
model. For this model, 2 main simplifications were used:
(1) the aortic and mitral annulus were held constant
throughout the cardiac cycle and (2) the left ventricular
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cavity was treated as a moving boundary condition,
meaning that the endocardium of the left ventricle moves
the same amount and at the same rate regardless of the
applied tensions. It is important to note that these simplifi-
cations do not invalidate the findings or merit of the simu-
lation, they only serve to appropriately interpret the results.

The authors found that when repairing a P2/P3 prolapse
with an anterolateral approach, there was a substantial
increase in the tension and stress. Although the magnitude
of these increases is striking, it must be placed in the context
of the simulation. It has been well established that the
conformational change of the mitral annulus as well as
the dynamism between the aortic and mitral annulus play
a key role in mitral valve coaptation.4 As such, these
increases in stress are likely an overestimate due to the
model simplification. Nevertheless, this is unlikely to
completely account for the increase in stress. This
highlights a fundamental need of all simulation-based
approaches, revalidation in in vivo models.

Neochordae implantation can be a challenging
procedure, and one may need more than 100 procedures
to overcome the initial learning curve.5 One critical
component to appreciate is the tension that is applied to
the neochordae when tied. A very small subjective
difference in neochord length may not present with a
significant recurrence of MR. This finding is echoed by
the results of this paper, where optimal neochord length
versus a 5% reduction in length resulted in no MR.
However, while the clinical results are comparable, these
authors show that the biomechanics are quite disparate,
with more than a 300% increase in systolic stress in the
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overtightened case. Again, this is likely an overestimation.
However, a large increase in tension is not unexpected,
given the pretension that is applied and the hyperelastic
nature of the neochordae. This large increase in tension
could have negative remodeling effects over the long
term. Although this tension is difficult to measure, groups
have been working on devices to assess the tension
intraoperatively.6 Intraoperative measurements can be
applied to the simulation to calculate stress and with
long-term patient follow-up, the calculated stress can be
correlated with remodeling of the mitral annulus and the
LV cavity.

Simulations are needed to capture the wide range of
pathologies in primary valvular regurgitation. Differing
geometries can dramatically change the biomechanics
throughout the cardiac cycle. The principle behind this
paper is that increases in stress should ideally be avoided
when performing a neochordae repair for primary mitral
regurgitation. Establishing a cut-off value for stress is
important so that a full design space can be explored in
this setting. This manuscript represents a first step in
performing complex simulations to evaluate neochordae
implantation with the hopes of using it to drive operative
decision-making.
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