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Mitral regurgitation (MR) is one of the most prevalent valvular heart
diseases in the world.? Although surgical mitral valve replacement
has shown to improve clinical outcomes in patients with severe
primary MR, surgery is still being denied in a significant number of
patients due to their multiple clinical comorbidities.” The current
clinical practice guidelines for the management of severe secondary
MR recommend the surgical valve intervention only in cases where
concomitant coronary revascularization is indicated.’

Transcatheter mitral valve repair using the edge-to-edge technique
(MitraClip, Abbott Menlo Park, CA, United States) has shown to
improve quality of life and reduce all-cause mortality in patients with
heart failure and secondary MR refractory to the optimal medical treat-
ment.* However, the level of MR reduction achieved by MitraClip is
inferior compared to the surgical techniques, and its overall use is
limited by several anatomical factors.” Transcatheter mitral valve
implantation is emerging as a potential therapeutic alternative that could
overcome some of the current limitations of edge-to-edge repair.® Due
to their technical design features, most transcatheter mitral valve
implantation systems use the surgical transapical approach. Limited
experience has been gathered on the use of dedicated transseptal
systems. Finally, complex anatomical features such as the possibility of
left ventricular outflow tract obstruction and presence of mitral annular
calcification have limited the fast clinical adoption of this technology.

The field of catheter-based mitral valve intervention is rapidly
expanding, and translational experimental models are seriously needed
for the proper validation of these technologies. Unlike aortic valve
disease, MR is due to several pathological conditions that result in
different anatomical substrates that are not easy to reproduce in exper-
imental models. Catheter-based technologies are designed taking into
consideration specific anatomical targets such as annular dilatation or
chord elongation, which are also challenging to reproduce in experi-
mental animal models. Significant differences exist between humans
and animal models. In the first place, one of the most important
challenges we face is annular size. Devices developed for human use
are typically larger compared to the annulus seen in common experi-
mental models, which at times, requires developing customized valve
sizes. Secondly, the aortomitral curtain is particularly small, which
often leads to device interaction with the aortic valve. Thirdly, the
mitral tissue is thin and friable providing little support to technologies
that require the use of anchors or pads to remain in position. Finally,

the left atrium is flat and shallow and provides little room for the
validation of technologies via transseptal access.

The use of diseased animal models is not typically required to vali-
date structural heart technologies and most of the validation work
can be done on the bench or on healthy animal models. Healing and
thrombogenicity of valve materials is particularly important and can
be validated in healthy animals. The stability of the frame and
durability of the leaflets can also be tested and is of particular
significance in the transcatheter mitral valve implantation space. The
mechanism of the deployment and delivery system can also be tested
but, overall, the retention of the valve depends on the mechanism
of anchoring used, which could be challenging due to the lack of
structural support. In these cases, the surgical placement of the
valves is needed for the long-term stability of the implant.

The use of diseased animal models is often spared to assess the
efficacy of the device or test particular device features (ie,
anchoring). Several animal species, primarily dogs suffer from
primary MR due to leaflet prolapse and have been used to test
several catheter-based technologies.” However, these models are
expensive and difficult to provide. Several groups have already
developed secondary MR models by inducing ischemia of the
posteromedial papillary muscle.®® These models have resulted in a
high periprocedural mortality rate and moderate levels of clinically
relevant MR. The study conducted by Rodriguez-Santamarta et al.
recently published on REC: Interventional Cardiology presents a
variation of this model by adding volume overload and creating an
aorto-pulmonary fistula following the myocardial infarction of the
circumflex artery.! The number of animals was small, but
researchers were able to prove the feasibility of model develop-
ment. In this study, the level of MR was moderate (at most) and
other features associated with MR such as annular dilatation were
present. These morphological features, although obvious on the
image assessment, were subtle in nature and probably in their early
stages compared to patients who suffer from severe MR.

The field of structural heart procedures is changing very rapidly, and
experimental models are essential for the proper validation of these
technologies. Healthy animal models are perhaps enough to test the
mechanism of the device delivery system, healing, and durability.
Diseased animal models can help validate device efficacy, mechanisms
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of anchoring, and the long-term stability of the device. However, due
to the high anatomical variability seen in humans compared to
animals, long-term results may be confusing and require careful anal-
ysis by multidisciplinary teams before starting the first tests in humans.
A multi-modality approach is highly desirable in the validation process
of structural heart technologies. Although animal data are key, proper
validation including human tissue and imaging correlation studies may
help minimize the misinterpretation of experimental signals and define
the developmental pathway of structural heart technologies.
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