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CENTRAL MESSAGE

To strengthen the potential
“weakest link” of the adjustable
neochordae implantation tech-
nique, CV4 polytetrafluoroethy-
lene sutures should be used in
preference to the originally pro-
posed CV5 sutures.
Song Wan, MD, FRCS,a and Jun Liu, PhDb

Implantation of artificial neochordae made of expanded
polytetrafluoroethylene (ePTFE) has been a mainstay tech-
nology in mitral valve repair. Determining the proper length
of a neochord intraoperatively, however, is not always
straightforward for surgeon. Occasionally, the dynamic
changes that occur during cardiac cycles following the
release of the aortic crossclamp can unexpectedly impair
a “perfect fit” neochord that was measured on an arrested
heart and tested by saline injection through the mitral valve
to fill the left ventricle. That multiple methods have been
developed to address this neochordal-measurement issue
reflects its intrinsic complexity as well as the lack of an
“ideal” strategy to overcome the multifarious difficulties
involved in neochordae implantation.

In this regard, Sotolongo and colleagues’ adjustable neo-
chordae implantation technique1 is definitely auspicious. It
proves that innovation is always born of necessity, as this
ingenious new method can apparently facilitate intraopera-
tive neochordal adjustment. Sotolongo and colleagues have
successfully applied this technique in 22 patients (the ma-
jority through a minimally invasive approach) and have
achieved excellent short-term outcomes.

Nonetheless, the strength of any innovation can often be
defined by its “weakest link.” After a brief analysis, wemust
conclude that the CV-5 type of ePTFE sutures chosen by So-
tolongo and colleagues might not be adequate. In the new
adjustable technique, 2 arms of the ePTFE sutures are
passed through the corresponding papillary muscle, then
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pulled toward the annular base and secured on the atrial
side of the posterior mitral annulus. As illustrated in
Figure 1, A, whereas the conventional method directly con-
nects the edge of the mitral valve leaflet with the papillary
muscle (shown as a green dashed line), the new technique
uses longer neochordae (shown as red lines in Figure 1,
B). The increased length may increase the risk of neochor-
dae rupture, which has been observed in transapical neo-
chordae implantations.2 Previous studies have indicated
that increased length of neochordae correlates with an esca-
lation in stiffness.3 Change in the neochord anchoring
angle may result in greater forces being exerted on the neo-
chordae suture, as well as an increased rate of loading on the
neochordae compared with the conventional fixation.4

Moreover, the adjustable arms at the annular side will
unavoidably produce a side-pulling force and further in-
crease the tension applied to the neochordae. When peak
systolic blood pressure is reached, the new adjustable tech-
nique is expected to generate an effective holding force via
the neochordae to reach an equilibrium state similar to that
in the conventional method, where the systolic force Fsys is
equal to the chordae holding force Fcon:

Fsys ¼
Z

SBP ds ¼ Fcon

In the new adjustable technique, the tension applied on
the neochordae Fadj can be broken down into 2 components:
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FIGURE 1. Diagram of the mechanics of the conventional and adjustable methods of neochordae implantation. A, The conventional method directly con-

nects the PMVL and the papillarymusclewith a maximum tension forceFcon. B, In the adjustable method, longer neochords are used and the adjustable arms

pull the papillary muscles sideways with increased force (Fadj). The forces applied to the papillary muscles Fp are also greater than that in the conventional

method. PMVL, Posterior mitral valve leaflet; SBP, systolic blood pressure.
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F1¼ Fcon along the green dashed line; and F2 caused by the
adjustable end of the neochordae. From the force analysis,
we have Fcon ¼ Fadj * cos a, where a is the angle between
the neochordae in the adjustable method and the conven-
tional method (see Figure 1, B). Therefore, the force applied
to the neochordae in the adjustable technique is greater than
that in the conventional method (ie, Fadj>Fcon).

When analyzing the force on the penetrating point at the
papillary muscle, we further find that the force exerted on
the papillary muscle Fp is also increased. As shown in the
inset of Figure 1, B, we have Fp ¼ 2Fadj cos b, where b is
equal to half of the angle between the neochord portions
penetrating into and out of the papillary muscle. Based on
the anatomy of the left ventricle, one can assume thatb could
be less than 30�. Therefore, we have cos b> 0.866 and
Fp>1.732Fadj. Compared with the classical method where
the force applied to the papillary muscle directly equals the
neochordal tension, the new technique produces a signifi-
cantly increased pulling force on the papillary muscle that
could increase the risk of cutting through the papillary mus-
cle tip or causing a remodeling of papillary anatomy.

This mechanics analysis (Figure 1) is necessarily simpli-
fied and may not be accurate, given the complex anatomy of
the ventricle and the mitral valve. However, it should be
noted that the new technique inevitably uses longer ePTFE
neochordae than the conventional method and applies
increased tension to the neochordae. Considering the
altered mechanics associated with the adjustable technique,
we recommend use of neochordae with increased strength
to reduce the risk of the neochordal rupture.
To summarize, in applying the new adjustable neochor-

dae implantation technique, the sutures chosen should prob-
ably be CV-4 ePTFE, rather than the originally proposed
CV-5. Although Sotolongo and colleagues deserve congrat-
ulations for their innovative modification, we eagerly await
their long-term follow-up data.
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