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EDITORIAL

Percutaneous aortic and mitral valve repair — from bench
testing to simulators and clinical data
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This issue focuses mainly on valvular heart interventions, with
manuscripts on transcatheter aortic valve implantation (TAVI), an
old but (still) relevant topic of percutaneous mitral balloon val-
vuloplasty, percutaneous mitral valve repair with the MitraClip
device, articles on a novel technique for peripheral artery interven-
tion and coronary intervention, and a review of the knuckle wire
technique in chronic total occlusion (CTO) percutaneous coronary
intervention (PCI).

TAVTI has become a standard of care for patients with severe aor-
tic valve stenosis. Robust randomised trial data now spans across
the entire patient risk spectrum'#, and TAVI is increasingly per-
formed in Asia’. Four sizes of the balloon-expandable SAPIEN 3
valve (Edwards Lifesciences Inc., Irvine, CA, USA) are currently
available — 20 mm, 23 mm, 26 mm and 29 mm. For the majority
of patients, one of the above valve sizes would fall within the opti-
mal range of their annulus measurements. In a significant minority
of patients, the annulus size is in the “grey zone” between 2 THV
sizes. The dilemma facing the TAVI operator in such a scenario is
whether to use a smaller but overexpanded THV or a larger but
underexpanded THYV, based on considerations of sealing to prevent
paravalvular leaks, optimising THV gradients, conduction distur-
bances (including the need for permanent pacemaker) and the risk

of annular rupture.

It has been shown previously (using finite element analyses)
that the peak stresses on the SAPIEN balloon-expandable THVs
are at the commissural tips where the leaflets are attached to the
stent frame, and this finding was consistent from the first- and
second- to the third-generation SAPIEN THVs®®. Previous bench
studies also demonstrated that the THV leaflet and stent mechan-
ical stresses increase with under expansion and increasing THV
ellipticity and may affect THV durability®”*-!".

In this issue of Asialntervention, Xuan et al describe the impact
of using a smaller versus a larger (23 mm vs 26 mm, 26 mm Vs
29 mm) balloon-expandable second-generation SAPIEN XT THV
deployed to an area within the “grey zone” annulus area. Using
finite element analyses, the two main findings were: 1) for annulus
size within the grey zone, under-sizing a larger THV resulted in
lower leaflet stresses than oversizing a smaller THV (e.g. 26 mm
vs 23 mm and 29 mm vs 26 mm). The stress distribution of the
leaflets did not change significantly in an oversized smaller THV,
whereas the stress distribution of the leaflets shifted towards lower
levels in an undersized larger THV; and 2) for nominal (optimal)
expansion, larger THVs experienced greater leaflet stresses. This
is due to the fact that a larger THV has a larger cross-sectional
area for the same pressure loading conditions. The corollary is

that, if one were to translate this directly to the clinical setting, it
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implies that nominally expanded larger THVs are more likely to
degenerate earlier; but for patients with annulus sizes in the grey
zones, using a larger undersized THV would be superior to over-
sizing a smaller THV, as one could expect better durability with an
undersized larger THV.

This study adds to our understanding of the stresses acting on
the leaflets and stent frames of the SAPIEN balloon-expandable
THV and demonstrates that for a given annulus size within the
grey zone, choosing an underexpanded larger balloon-expanda-
ble THV may confer an advantage. The major limitation of this
conclusion is that the SAPIEN XT THYV is no longer in clinical
use and one has to assume that the current third-generation bal-
loon-expandable THV (SAPIEN 3) will have similar stresses with
under-/overexpansion, which might not be the case. These data are
modelled using computational software without direct measure-
ment of leaflet stresses. In fact, an in vitro study of SAPIEN 3
THVs using accelerated wear testing showed excellent durabil-
ity out to 5 years (200 million cycles) for non-nominally (under-/
over-) expanded THVs'2.

Furthermore, loading conditions and THV stresses in actual
clinical settings may differ. Intuitively, one could expect that
underexpanding a larger THV would result in a higher residual
gradient (with more patient-prosthesis mismatch) than overex-
panding a smaller THV in a borderline size annulus. Yet actual
clinical experience of underexpanding balloon-expandable THV's
showed that valve haemodynamics and paravalvular regurgita-
tion were similar to those which were nominally expanded®.
Conversely, aggressively overexpanding a smaller THV may lead
to impaired leaflet function and even leaflet damage in vitro',
although this was not seen in a clinical study with 11% to 13%
overexpansion.

What is the clinician to make of these data? One needs to
consider what would be the safest option for a patient with an
annulus size in the borderline zone. Overexpansion of a smaller
THV may achieve greater circularity of the THV and reduce
paravalvular leak, but increase the risk of (fatal) annular rup-
ture and the need for permanent pacemaker implantation, and
may increase leaflet stress. Underexpansion of a larger THV, on
the other hand, will reduce the risk of annular rupture and the
need for a permanent pacemaker, and may reduce leaflet stress as
demonstrated in the current study. For some patients, with heav-
ily calcified left ventricular outflow tract and small, calcified
ilio-femorals, neither of these may however, be good options and
the use of a self-expanding THV would be the safest and most
suitable choice.

Rheumatic heart disease (RHD), although declining in global
incidence over the past few decades, is still relatively prevalent
in many parts of Asia'>. Mitral stenosis, the commonest valvu-
lar manifestation, is frequently encountered in developing coun-
tries. For patients with symptomatic mitral stenosis and favourable
mitral valve morphology (mobile, thin leaflets, lack of subvalvu-
lar disease) percutancous transvenous mitral commissurotomy

(PTMC), also known as percutaneous mitral balloon valvotomy,

Percutaneous aortic and mitral valve repair

has been shown to an effective treatment, with durable clinical and
haemodynamic results comparable to surgical valvotomy'>.

As the bulk of interventional cardiology work has shifted to
coronary intervention, many interventional trainees (and cardio-
logists) are lacking in skills and experience with this technique. In
this issue of the journal, Song et al describe a portable simulator
using a 3D printed heart model for PTMC training. The authors
found that the simulator significantly reduced the procedure time
in simulation with increasing practice. The model also scored
highly (by physician questionnaire) with regards to simulator util-
ity and realism, and effect of training on PTMC performance. In
particular, this simulator is able to train physicians in the two most
critical steps of the PTMC procedure: the transseptal puncture and
advancing the Inoue balloon across the mitral valve.

The main advantages of this 3D printed model compared to
commercial simulators are its portability and ease of assembly/
transport, low cost, and no requirement for a power source — fac-
tors that are of importance for widespread use in the develop-
ing world. It is thus easily scalable to be used in many centres
in developing countries. The information that is lacking from
this study is how this low-cost model compares to commercially
available simulators. Future studies could be designed to assess
this.

This model may also be useful to help refresh the skills of oper-
ators in developed countries where, despite the low incidence of
rheumatic mitral stenosis, there is the occasional need to perform
PTMC. With some modifications, it would not be far-fetched to
imagine a scenario where this low-cost model could also be used
for training in percutaneous mitral valve repair procedures.

Surgical mitral valve repair or replacement has been the stand-
ard of care for patients with severe mitral regurgitation (MR)".
Percutaneous mitral valve repair with the MitraClip™ (Abbott
Vascular, Santa Clara, CA, USA) is an alternative therapy for cer-
tain patients with severe MR. In the only randomised trial com-
paring percutaneous repair to surgery (EVEREST II trial), the
MitraClip device was shown to be safer (driven mainly by fewer
blood transfusions; equal death or stroke rates) but less efficacious
(more residual/recurrent MR) than surgery, although there were
similar improvements in functional status'®. Only two other ran-
domised trials of the MitraClip device are available, but both trials
compared percutaneous repair versus medical therapy in patients
with severe functional MR, with conflicting results!”!8,

Compared to TAVI, where there are seven published ran-
domised trials comparing the transcatheter option to surgery, the
randomised data of the MitraClip device compared to surgical
therapy are limited. More evidence is required guide physicians
on the best treatment option for patients with severe MR.

In this issue of the journal, Wang et al perform a meta-analysis
of available trials comparing the MitraClip device versus surgery.
After a literature search and review, only nine studies were rel-
evant, of which only one (EVEREST II) was a randomised trial
and the remaining eight were retrospective cohort studies. The
total number of patients in this meta-analysis was only 1,171; in
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contrast, the recent PARTNER 3 randomised trial comparing TAVI
versus surgery had 1,000 patients*. The major limitations of this
study are its moderate sample size and inherent biases present in
observational studies.

Nevertheless, this current study does provide information on
a larger number of patients undergoing MitraClip device ther-
apy compared to surgery for severe MR (both degenerative
and functional). Patients receiving the MitraClip device were
older, had more coronary artery disease and previous coronary
artery bypass surgery, and had higher Logistic EuroSCOREs
(MitraClip 23% vs surgery 11%). Despite a higher baseline risk
profile, the operative mortality was similar (MitraClip 3% vs
surgery 5%), which demonstrates that the MitraClip device ther-
apy is the safer option. Longer-term mortality at one and three
years were also similar between the two arms. Complications
differed, with patients undergoing MitraClip device therapy hav-
ing higher rates of early and late significant MR, and more car-
diovascular readmissions, whereas patients undergoing surgery
had higher rates of in-hospital bleeding and pacemaker implan-
tation. These results are broadly similar to the findings of the
EVEREST 1I trial — percutaneous repair with the MitraClip
device is safer but less efficacious than surgery. Thus, MitraClip
device therapy is ideal for patients with degenerative MR who
are at elevated surgical risk, as the periprocedural complications
are few and patients derive symptomatic benefit equal to that of
higher-risk surgery. Whether MitraClip device therapy is useful
in patients with functional MR is more uncertain, although the
data suggest that a selected subgroup of patients are likely to
derive benefit'"'s.

Despite having a low complication rate, adverse events during
or after MitraClip device therapy can occur. In this issue of the
journal, Wong et al share a case of successful snaring and fem-
oral vein cutdown removal of a MitraClip that became partially
detached after release of the lock line, and completely detached
after deployment pin release. Chrissoheris et al describe a complex
case with three previous MitraClips and severe MR emanating
from an area between the clips and haemodynamically significant
right to left shunt from an iatrogenic atrial septal defect. The gap
between the clips was “sealed” with an AMPLATZER™ Vascular
Plug II (Abbott Vascular) and the iatrogenic ASD was closed with
a AMPLATZER™ Septal Occluder (Abbott Vascular) with symp-
tomatic improvement.

PCI for CTOs is an area where extensive advancements have
taken place over the past decade. Sessions on CTO PCI are usu-
ally oversubscribed, attesting to the interest in this topic. In this
issue of the journal, Reddy et al review the knuckle wire technique
for CTO PCI. Their review is a comprehensive yet simple step-
by-step guide on the technique and is useful for interventionalists
who perform or are gaining experience in complex CTO PCI. The
other article on PCI by Basavarajaiah et al describes a case where
direct stenting resulted in an underexpanded stent that could not
be further dilated with a non-compliant high-pressure balloon. The
authors placed a coronary intravascular lithotripsy “shock wave”

balloon within the stent which succeeded in optimally expanding
the stent. This case demonstrated that such a manoeuvre was safe
with a durable clinical outcome at 12 months.

The final article in this issue moves on to peripheral artery
intervention, where Nishimoto et al describe a novel technique to
cross an eccentric bulky calcified nodule in the popliteal artery
using the TruPath™ (diamond coated tip) wire (Boston Scientific,
Marlborough, MA, USA). With this technique, the authors were
able to cross the lesion centrally, resulting in a well-expanded ves-
sel. A conventional guide wire would have crossed the lesion to
the side of this eccentric calcium nodule and impaired the ability
to fully dilate the stenosis. This technique would be of interest to
physicians performing peripheral interventions but is likely to be
limited by device availability and familiarity, and additional cost.
Use of a peripheral intravascular lithotripsy “shock wave” balloon
may be a simpler option.

We do hope readers will benefit from reading this issue of
Asialntervention and find the articles useful in their practice.
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