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CENTRAL MESSAGE

Biomechanical analysis explains
the dynamics beyond papillary
muscle approximation as an
emerging treatment for func-
tional mitral regurgitation.
Igor Belluschi, MD,a Mattia Glauber, MD,b and
Antonio Miceli, MDb

The mitral valve apparatus represents an example of how
nature designs a perfect, harmonic, and functional body
structure, like a fascinating and solid renaissance cathedral.
However, this beautiful architecture can be damaged by
external events, such as atmospheric agents and earth-
quakes, requiring conservative restoration whenever
possible. Similarly, the effect of different diseases, such
as myocardial infarction, myocarditis, or eccentric hyper-
trophy, may damage the whole mitral valve architecture,
requiring interventions. Functional mitral regurgitation
(FMR) is the result of the posterior and lateral dislocation
of papillary muscles, which leads to apical leaflet tethering
and lack of coaptation.1 When the geometry is fully dis-
torted, repair strategies cannot guarantee optimal and dura-
ble results, and valve replacement may remain the only
available solution.2 On the contrary, an undersized annulo-
plasty can force coaptation and decreases regurgitant jet in
less-challenging anatomies. The advantage of valve repair
over replacement in the context of ischemic mitral regurgi-
tation has been long debated, but previous series showed
that repair is associated with lower perioperative mortality,
despite an increased risk of mitral regurgitation recurrence.3

The high rate of repair failure could be related to the sub-
valvular mitral dysfunction, which is not often addressed,
leaving tension on the leaflet because of left ventricular
enlargement.4 Furthermore, undersized annuloplasty also
could result in increased transvalvular gradient, due to
extreme tethering, which paradoxically limit leaflet excur-
sion.5 In this setting, several surgical techniques have
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been proposed: chordal transection, anterior leaflet
augmentation, relocation, and approximation of the papil-
lary muscles. The latter, which consists in approximating
the tips of 2 papillary muscles with pledget sutures, has
shown promising mid-term results, especially when
compared with annuloplasty alone.6,7 Its aim is to relief
the tethering forces on the leaflets and restores coaptation
geometry. However, no data on the mechanics of such
treated valve have yet been reported. So, what are we
missing to improve FMR repairability?
In this issue of the Journal, Zhan-Moodie and col-

leagues8 provided an ex vivo model of FMR, combining
papillary muscle approximation and 2 complete annulo-
plasty rings (true dimension 30 mm vs undersized
26 mm). The most significant results were obtained when
papillary muscle approximation was associated to the un-
dersized ring, showing lower regurgitant fraction (from a
mean of 16% to 4%), lower tenting area (83-22 mm2),
lower height (11-4 mm), and augmented coaptation length.
Leaflet mobility was restored as well, due to an increased
leaflet excursion angles and a reduction of chordal forces.
Furthermore, this simple procedure on the papillary mus-
cles also could allow leaflet mobilization also associated
with larger annular rings. As a result, authors suggest that
rings of larger sizes may be used if combined to muscle
approximation, thus avoiding the risk of stenosis linked to
undersizing. However, major drawbacks of this model are
the choice of isolated swine healthy mitral valves and the
lack of either concomitant ventricle dynamics and patho-
logic fibrotic tissue. For the first time, this study provides
biomechanical data on papillary muscle approximation in
association with annuloplasty, showing relief of tethering
forces on leaflet during systole and better coaptation.Whilst
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surgeons are still debating about the treatment of choice, the
COAPT9 (Cardiovascular Outcomes Assessment of the Mi-
traClip Percutaneous Therapy for Heart Failure Patients
with Functional Mitral Regurgitation) trial has easily
demonstrated that percutaneous repair can treat FMR.8

Nevertheless, the translational analysis by Zhan-Moodie
and colleagues is evidence that we have still something to
learn from surgery. However, not all questions have been
answered yet: will there be a role for a percutaneous papil-
lary muscle approximation?
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