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EDITORIAL

Experimental validation of TMVR technologies: a bumpy road
with the risk of getting lost in translation
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Mitral regurgitation (MR) is the most frequent valve pathology
in Europe and the USA with moderate-to-severe MR occurring in
almost 1 in 10 people aged 75 or older'. At least 50% of patients
with symptomatic severe MR are treated medically and not offered
any surgical mitral options due to comorbidities and high surgi-
cal risk profile*. The prognosis in medically managed patients
with severe MR is poor with a 20% mortality at one year, a 50%
mortality at five years, and 90% of surviving patients being hos-
pitalised for heart failure within five years from diagnosis®. This
unmet clinical need has led to the development of over 70 trans-
catheter-based technologies aimed at either repairing or replacing
the mitral valve. This large number of devices and technologi-
cal approaches has resulted from the need to develop solutions to
a condition with a high degree of anatomical variability and the
technical desire to replicate proven surgical techniques.

Mitral valve disease is very complex and involves not only the
annulus and leaflets but also surrounding subvalvular, aortic and
myocardial structures. The mitral annulus is asymmetric and fre-

quently gets deformed from its original saddle shape as the disease

progresses. It is also a very dynamic structure lacking structural
support, thus making the anchoring of sutureless devices more
challenging. The mitral leaflets are irregular in size and geometry;
the subvalvular apparatus is very complex and highly variable
between patients. Also, the closing valve forces are high, requiring
the use of durable leaflet materials to ensure long-term durability*.
Furthermore, the geometry of the mitral valve apparatus and left
ventricle can vary considerably between patients with the same
actiology of MR, between different actiologies of MR and even in
the same patient as the disease progresses over time.

Despite the broad enthusiasm and substantial investment, signi-
ficant challenges exist in the transcatheter mitral valve replace-
ment (TMVR) field®. First, due to the complex biomechanical
forces involved in ventricular contraction and annular deformation,
long-term metallic frame and leaflet durability becomes a chal-
lenge. Second, due to the multiple design features and high radial
strength required, these devices still display high crossing profiles
(above 32 Fr). Third, depending on the TMVR design, specific
complex device orientation, fixation and deployment techniques
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are usually required. Fourth, personalised device-guided sizing
algorithms still reject a large number of patients due to anatomical
variations, sizing considerations or potential for LVOT obstruc-
tion. Finally, the prothrombogenic profile of these devices is still
unknown.

TMVR may have potential advantages over transcatheter repair
in that a single device may be used regardless of the type of pri-
mary pathology and could potentially deliver reproducible and
predictable elimination of MR. However, most of the early clini-
cal experience has been limited to the transapical approach in very
high-risk or prohibitive-risk patients, resulting in a higher risk of
periprocedural complications and 30-day mortality. On the other
hand, transcatheter mitral repair has been associated with a better
safety profile and high procedural success rates without negatively
impairing ventricular geometry and function; however, it requires
a steep learning curve and may require a knowledge of multiple
devices in order to guarantee surgical-like results. Considering the
complexity of the mitral valve anatomy and pathological varia-
tions seen during the course of disease progression, it is unlikely
that a single device will fulfil all the clinical and technical require-
ments to treat these complex patients. Thus, the interventional
treatment of mitral valve disease will probably require a lesion-
specific “toolbox” approach, potentially including percutaneous
repair, replacement and ventricular support.

In the current issue of Eurolntervention, the experimental data of
the novel NaviGate™ TMVR system (NaviGate Cardiac Structures,
Inc., Lake Forest, CA, USA) are presented®. The NaviGate is
a low-profile (~21 mm height) self-expanding nitinol frame device
including three equine pericardial leaflets and a conical configura-
tion with larger diameter towards the ventricle. The valve anchors
to the mitral annulus using 12 radially arranged winglets on the
atrial side and 12 radially arranged graspers on the ventricular side
that grasp and penetrate the leaflets and subvalvular structures.

Article, see page 1401
The valve is available in five sizes (from 36 mm to 52 mm) and
can be delivered using the antegrade and retrograde approach via
a 32 Fr delivery system. In this study, the NaviGate valve achieved
a high periprocedural device success rate (~83%) with the animal
surviving longest in the chronic study only surviving to 54 days.
Overall, valve frame stability and haemodynamics remained sta-
ble over time, resulting in low transvalvular gradients, no cases of
LVOT obstruction and no residual MR in more than two thirds of
the animals studied. Residual MR when present was mild and more
often central than paravalvular, which raises questions about the
radial strength of the device and leaflet coaptation issues related
to frame deformation following device implantation. Although
macroscopic findings suggested proper tissue ingrowth and lack
of thrombus formation over time, the degree of device-induced
injury on the subannular structures was not described in detail.

Currently, the main reasons for patients not being accepted for
TMVR include the risk of LVOT obstruction and sizing mismatch.
The NaviGate valve may be partially able to address these issues
because of its low profile and larger size range. Also, the valve
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has a low atrial footprint which may potentially decrease thrombo-
genicity. However, long-term durability data of equine pericardial
leaflets are still under investigation and long-term animal data on
the durability of the valve and interaction of the anchoring mech-
anism with the underlying tissue are still needed. As with other
devices, the biggest translational challenge will be to adapt the
technology to a lower-profile transseptal system. Considering the
challenges of transseptal TMVR, this valve may be better suited
for transcatheter tricuspid valve replacement in which the techni-
cal device requirements are less demanding compared to mitral
device technologies.

Due to the nature of the animal models and experimental set-
tings, the experimental validation of TMVR devices is challeng-
ing and can encounter fundamental differences compared to the
human environment. First, due to animal size considerations, only
small size (<40 mm) TMVR devices can be tested in typical ani-
mal models. Second, the mitral valve shape is typically more
oval, inducing a high degree of valve deformation compared to
humans. Third, the ventricle is smaller and hyperdynamic, induc-
ing higher stress to the implanted valve. Fourth, the surrounding
tissue support is healthy and fragile. Fifth, the thrombogenic pro-
file is different, and clot formation is not frequently seen in large
animal models. Then, as has occurred with other technologies (i.e.,
TAVR), experimental findings have not been able to predict device
performance fully in the clinical setting.

We congratulate the authors and inventors for publishing and
sharing their experimental findings with the scientific commun-
ity and would encourage others to do the same. Understanding the
nature of these findings is an important step not only to appreciat-
ing the biological performance of these devices but also to help-
ing to define the potential regulatory pathways and training needs
of physicians involved in FIH studies. However, as has happened
with other technologies in the past, investigators and regulatory
agencies must be prepared to understand the potential impact of
animal model-specific findings on clinical device use.

The comprehensive preclinical evaluation of TMVR devices is
key for the development of this field. Customised human-like siz-
ing algorithms and procedural development can be accomplished
in the experimental setting. Vascular access safety, acute and long-
term device-derived injury can also be tested in animals. It is also
important that proper sample size and follow-up endpoints be used
before moving into FIH clinical studies. We would strongly rec-
ommend that physicians and inventors developing TMVR systems
consult the “ANSI/AAMI/ISO 5840-3: 2013” document prior to
designing their preclinical strategies’.

Since there are currently more than 30 TMVR systems under
development and at least eight have already been implanted in
humans’®, it does beg the question as to whether we really need
another TMVR device. Currently, the largest clinical experience
is with the Intrepid™ (Medtronic, Inc., Redwood City, CA, USA)
and Tendyne (Abbott Vascular, Santa Clara, CA, USA) TMVR
systems. Both devices continue slow enrolment of highly selected
patients and have been able to improve both periprocedural success
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rates and 30-day clinical outcomes® (Muller D. TENDYNE:
1-Year Outcomes of Transcatheter MV Replacement in Patients
With Severe Mitral Regurgitation. Presented at Transcatheter
Cardiovascular Therapeutics [TCT] 2017 in Denver on 1 November
2017. Available at: https://www.tctmd.com/slide/tendyne-1-year-
outcomes-transcatheter-mv-replacement-patients-severe-mitral-
regurgitation. Accessed 19 November 2017). In order to be
successful, emerging TMVR systems will have to improve device
features, ease of use and procedural steps. More importantly, they
need to decrease drastically the high rejection rate due to ana-
tomical considerations. Other desirable features include minimal
interference with the subvalvular apparatus, lower risk of LVOT
obstruction, and possibly the ability to reposition and re-sheath the
valve. The transseptal route of implantation promises to disrupt
the TMVR market and has the potential to simplify TMVR proce-
dures and gain access to a different patient population. In the early
phases of TMVR development, preclinical and clinical data have
been fundamental in improving patient selection, implantation
technique and short-term clinical outcomes. The successful valida-
tion process of TMVR devices has to follow a thoughtful step-by-
step approach. The road to clinical success will very likely be long
and bumpy and we need to ensure that translational data gathered
from early clinical experience do not get lost in translation.
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