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V soucasné dobé se stéle objevuji nové a nové technickd feseni srdecnich chlopni pro transkatétrovou im-
plantaci aortalni chlopné (TAVI). Od doby, kdy byla v randomizovanych studiich predstavena metoda TAVI
s pouzitim chlopni prvni generace, byl zaznamenan obrovsky technicky pokrok s rznymi vylepsenimi, jez
umoznila dosahnout vynikajicich kratkodobych a strednédobych hemodynamickych vysledk( pfi — do velké
miry — minimalni aortdlni regurgitaci a vétsinou nulovém rezidudinim gradientu, coz umoznilo provadét
u podstatné vétsiny pacientll vykon femoralnim pfistupem. Ve snaze zvysit komfort operatéra umoziuji
nové konstrukce umélych chlopni vratit je v pfipadé dislokace do zadouci polohy, pfipadné je pfesné umistit
na prvni pokus, a zvysit tak bezpecnost pacienta jiz bezprostfedné po vykonu. Protoze se s probihajicimi
a budoucimi studiemi tyto technické vymozenosti stanou dostupnymi pro Sirsi spektrum pacientd, je treba
vénovat maximalni pozornost dlouhodobé trvanlivosti chlopni, snad i jejich dali miniaturizaci (zvlasté pro
instrumentalni uzavér (v jedné dobé), optimalni antikoagulaci po vykonu, ptipadné ochrané mozku a dalsim
zdokonalenim, jez umozni déle sniZit nutnost kardiostimulace.

© 2017, CKS. Published by Elsevier sp. z 0.0. All rights reserved.

ABSTRACT

“Novel” TAVI valves is a rapidly developing area. Since concept of TAVI was resolutely established in ran-
domised trials with first generation valves, there was tremendous engineering development and finesse,
enabling to achieve excellent acute and mid-term haemodynamic result with largely minimal aortic regur-
gitation, typically no residual gradient and miniaturisation enabling substantial majority of patients to be
treated via transfemoral approach. To ease operator comfort designs enable reposionability or one attempt
precision increasing acute safety. As current and future trials will bring this technology to broader spectrum
of patients group, vigilance is required re long-term durability of valves, possibly further miniaturisation,
especially for non transfemoral access, development of yet user friendly closure devices (single step), optimal
anticoagulation post procedure, eventually cerebral protection and modification designs to further reduce
requirement for cardiac pacing.
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Aortic stenosis is the most common valvular heart dise-
ase of adults in the Western world. When it is severe and
symptomatic, it carries a poor prognosis. Conservative
management of the condition has 5-year survival rates
comparable to lung cancer [1,2]. Yet, a large cohort of
patients — especially of older age — were denied surgical
aortic valve replacement (SAVR) on the basis of their high
predicted peri-procedural risks.

Trans-catheter aortic valve implantation (TAVI) has
now matured to provide these patients with an effecti-
ve treatment option. The technology has created a pa-
radigm shift similar to that seen with the introduction
of percutaneous coronary angioplasty in the late 1970s/
early 1980s. Following the first reported implants (Cribier,
2002), TAVI devices have been used in patients with seve-
re aortic stenosis deemed to be at high surgical risk, with
suitably-sized aortic root anatomy and vascular access (fe-
moral, subclavian, apical, aortic, carotic, caval).

The initial data from pivotal safety trials led to CE-
-mark approval and the world-wide marketing of the
first two commercial devices (Medtronic-CoreValve and
Edwards-Sapien) in 2007. The clinical results and long-
-term performance of these 2 devices and their later
iterations (e.g. the Partner | and Il Edwards and the Co-
reValve group of studies) formed the evidence base of
current recommendations [3], and supported the initial
use of TAVI for inoperable and high-risk surgical pati-
ents. Subsequently, newer TAVI technologies (Boston
Scientific, St. Jude Medical, Symetis, Direct Flow Medi-
cal) have been shown to be safe and effective in indu-
stry-sponsored multi-centre observational studies, and
national and international registries. There are also se-
veral novel designs that are predominantly used in the
markets of Asia, predominantly in China (Lifetech-Venus
and Microport).

As evidence in initial clinical trials has been very favou-
rable (in comparison to medical/conservative therapy in
inoperable patients, and also in comparison to surgery
in high risk surgical candidates), TAVI was accepted and
widely adopted as the therapy of choice in such patients
groups.

Current clinical trials have since moved to studies com-
paring TAVI to SAVR in “medium” risk patients (Partner
I, Surtavi, UKTAVI), and there are also studies designed
investigating lower risk groups (Medtronic), as well as se-
veral studies comparing valves between each other (e.g.
CoreValve vs Lotus, CoreValve, SAPIEN vs Direct Flow).

From the early development of TAVI technology, en-
gineering and manufacturer challenges concentrated on
the technical capability of implanting a preloaded bio-
logical valve through the arterial vasculature, ideally via
a transfemoral approach. Leading centres, in collaborati-
on with manufacturers and regulators, gained practical
experience in the technique of implantation through va-
rious anatomies, acquiring “tips and tricks” with accumu-
lated experience to overcome the limits of technology, as
well as maximising safety of the procedure. Manufactu-
rers developed the size ranges to cater for majority of
anatomies.

Throughout developing these prostheses, all parame-
ters and standards were derived from industry standards
for surgical bioprosthetic valves (Fig. 1).

Fig. 1 - Accelerated wear testing

Key 4 principles for aortic valve prostheses [3]:
- predictable procedure,

- low rate of complications,

- optimal haemodynamics,

- durability.

» Allow optimal forward flow
— Minimize transvalvular gradient
— Avoid turbulance
— Obtain largest possible functional valve
diameter
» Avoid back flow
— Optimal leaflet coaptation
— Consistent leaflet coaptation
» Cope with back slam
— Optimize load absorption

Fig. 2 - Surgical tissue valve design challenges

* Valve compression

* Valve expansion

* Sutureless anchoring
* Avoid migration

 Mitigate para-valvular leak

* Rotational valve orientation (avoiding coronaries)

» Dynamic valve positioning and placement

» Space saving challenge

Fig. 3 — Additional TAVI valve design challenges
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All valves undergo testing based on CE mark require-
ments (5 million cycles during accelerated wear testing
—Figs. 2, 3).

There are additional engineering challenges resulting
from the requirements for valve preparation/loading,
valve leaflet exposure during travel through challenging
anatomies. There are broad sizing requirements (to match
population sizes of annuli), whilst minimizing delivery ca-
theter diameter to enable utilisation of a transfemoral
approach wherever possible, which has proven to be the
safest one (Fig. 4). Furthermore there might be additional
testing of the frame (up to equivalent of 10 years in vivo).

Medtronic Evolut R

Medtronic CoreValve

Edwards SAPIEN XT

Edwards SAPIEN S3

Boston Scientific Lotus

Boston Scientific Lotus Edge
Direct Flow Medical

Symetis Accurate

Symetis Accurate Neo
Abbott/St. Jude Medical Portico

Fig. 4 - TAVI valves commercialised in Europe 2016

Since the first commercial exploitation of TAVI procedures
(following first CE marking approval, subsequently FDA and
Japan approval), there have been a few important factors
contributing to improvement of outcomes and widespread
safe and effective application of this therapy worldwide.

Challenges observed in “first generation” valves were
at least partially addressed in further generations of TAVI
valves, as well as through accumulated confidence and
experience of operators.

1. Engineering (miniaturization or ingenious ways of
valve loading such as within-body loading of ba-
Iloon expandable valves, reposionability, ease and
stability of implant to improve accuracy of positi-
oning, skirts to prevent paravalvular leak, broade-
ning of valve size range enabling treating large as
well as small anatomies [valve in valve]), develop-
ment of dedicated wires, closure devices).

2. Industry standards in heart teams training unifica-
tion, patient selection and proctoring.

3. Individual operator and implant team experience.

4. Heart/TAVI team experience in patient selection,
procedural performance and post procedural care,
surgical standard in outcome measurement and
complication standardisation.

1. Engineering

a. novel generations/iterations of established TAVI
prosthesis (CoreValve Evolut, Edwards SAPIEN);

b. early generation designs (Portico, St. Jude);

¢. novel designs — Boston Scientific — Lotus, Lotus Edge,
Direct Flow Medical and Symetis)

d. adjacent procedural devices (femoral closure devi-
ces — Proglide, Prostar, cerebral protection devices,
trialled apical closure devices).

2. Stringent criteria were applied by companies for
clinical and anatomical selection of suitable pati-
ent anatomies for these implants. Adherence to
these, inclusive of validation by the company spe-
cialists, was/is a prerequisite for implantation in an
individual centre, at least during the training and
proctorship phase.

3. Individual operator and TAVI team experience-
-strict adherence to surgical criteria for success [4].
Complications were defined in a standardised way
(VARC2) [5].

4. While there is convincing evidence of TAVI utility
in inoperable and high risk surgical group, there
is still limited longer term follow-up. Therefore
emphasis is on a multispeciality team assessment
of the patient and his anatomy, as well as on
performance of these procedures. Selection crite-
ria are twofold; there are 1. clinical aspects and
2. anatomical aspects for patient selection. This
multidisciplinary group should consist of multiple
specialities — cardiac surgeons, imaging and inter-
ventional cardiologists and a cardiac anaesthetist.
For frailty and general patient assessment a geri-
atrician is also desirable.

Currently marketed (CE mark) valves in Europe are sum-
marised in Figure 4.

Direct Flow Medical (DFM)

Direct Flow is a non-metallic expandable valve with an
implant technique somewhat different from other main-
stream TAVI valves (Figs. 5, 6). Following good balloon
aortic valvuloplasty (mandatory prerequisite), the loaded
valve is passed inside the delivery sheath, placing its distal
end beyond the aortic annulus. The sheath is then retrac-
ted to free the rings. Both rings are inflated with saline/
contrast to verify that whole valve is below the native an-
nulus. The aortic (upper) ring is then deflated. While the
bottom ring remains inflated in the ventricle, the valve is

e,

Fig. 5 - Direct Flow Medical
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Deployment in the LVOT Pull back and positioning

Valve inflation and In-situ fine-tunning Polymer and permanent
assessment implantation

Fig. 6 - Direct Flow Medical Valve implant procedure

Fig. 7 - (A-E) Direct Flow Medical positioning
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then pulled via 3 wires/rods using the inner curve tech-
nique, where the inner part of the ring is pulled first (pic).
The distal ring is gradually pulled back with a careful pull
of the 3 delivery wires in succession to maintain a good
alignment into a good sub annular position. Once the
ventricular ring is snugly against the aortic valve, the ring
in the supra annular position is inflated with the saline/
contrast mixture (Figs 7A-7E). While the valve is still atta-
ched to its delivery system, angio, echo and haemodyna-
mic assessment (via nosecone lumen) is possible to verify
the correct position (ventricular pressure is obtained, so
simultaneous haemodynamic is possible while valve is
still attached to the delivery catheter). A polymer syringe
and relief valve are then attached and the polymer repla-
ces the radiopaque solution. This fixes the valve (by the
rings hardening) immediately. Following that rings are
detached by unscrewing the positioning wires. Attenti-
on must be paid during implantation that the inflated
bottom ring does not slip above the annulus, as the valve
would need to be retrieved. One advantage of this design
is typically no interruption of cardiac output there and
implantation itself does not require rapid pacing. Process
of inflation/deflation of the rings with saline/contrast can
be repeated (as long as bottom ring remains below the
annulus) until optimal position is achieved.

The DISCOVER Trial
Mean Pressure Gradient & Effective Orifice Area
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0 0
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Mean Pressure Gradient*
(mmHg)
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S
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F. De Marco, DISCOVER Trial 3yr results presented at EuroPCR 2016

A
The DISCOVER Trial
Paravalvuar AR
0% Paired Data (n=75) 09
100% % ( ) %
80%
60%
40%
20%
0%
Discharge -30D 1-3+Years *
. None/Trace . Mild Moderate Severe (None)
* latest available follow-up Note: Data from subjects implanted with DFM only
F. De Marco, DISCOVER Trial 3yr results presented at EuroPCR 2016
B

Fig. 9 - Symetis valve family

Typically a potential advantage of this valve design is
no interruption of cardiac output and implantation itself
doesn’t require rapid pacing.

DFM evidence [6,7]

Summary of acute haemodynamic results from pivotal tri-
al is shown in Figures 8A, 8B.

Direct Flow initial single arm feasibility trial in Europe
called DISCOVERY included 100 patients in single arm [7].
The principal clinical characteristic was a EuroSCORE more
than 20. This was followed by the EU DISCOVERY registry,
which enrolled 503 patients in a single arm. Currently en-
rolling is the US pivotal trial SALUS, which randomizes 2:1
DFM vs S3 and Corevalve Evolut R, with planned enrol-
ment of 648 patients. There is established on-site training
and a proctor led certification programme in Europe and
around the world.

Symetis Accurate and Accurate Neo [9]

Symetis group of valves is self-expandable bioprosthetic
valve with a specific feature of release from top (aortic
portion, Fig. 10) to bottom-annular/subannular portion
as fundamental difference to other self-expanding valves.

Valve is produced in 2 designs — 1. for transapical de-
livery (Symetis Accurate, with CE mark received in 2011)

Partial Full Final
Release Release Positioning

I B B
W\

Stabilize
& Center

Fig. 8 - (A,B) Direct Flow Medical DISCOVER Trial

Fig. 10 - Symetis release concept (TA)
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and 2. Symetis Accurate Neo for transfemoral implant, CE
mark received in 2014.

A self-expanding nitinol stent, a valve made of three
non-coronary native porcine leaflets and a polyethylene
terephthalate (PET) skirt sutured onto the inner and the
outer surface of the nitinol stent.

The stent geometry allows for anatomically aligned
intra-annular fixation in a subcoronary position. Each of
the three stent segments presents a distinctive function.
The distal stent segment is made of three connected sta-
bilization arches to facilitate commissural alignment and
to prevent tilting. In a two-step deployment technique,
the second stent segment — the upper crown - is deploy-
ed above the annular plain and during gentle retraction
pulled until the upper crown hooks into the distal annu-
lus. Aided by tactile feedback, the lower skirt is released.
The central stent segment with a waist geometry ‘sandwi-
ches’ the aortic valve annulus and anchors the valve safely
at the intended target location (Figs. 11A-11D).

Currently exists in 3 sizes (marked S, M, L) and can be
implanted into annuli sizes 21 mm to 27 mm. The most
characteristic aspects of the bioprosthesis design are the
self-alignment and self-centring features that allow for
optimal positioning of the valve, better sealing and re-
duction of the paravalvular leak rate. Potential advan-
tage is the possibility to implant the device in highly cal-
cified annuli without paravalvular regurgitation and an
extremely low risk of annular rupture as well as to safely
anchor the device in annuli without or with minimal cal-
cium load.

Fig. 11 - (A-D) Gradual Symetis Accurate TF release (top to bottom)

Another advantage is the downward encroachment
of the calcified leaflets that may better prevent coronary
ostia occlusion through the calcified leaflets.

Symetis Evidence

Principal Haemodynamics acute results are shown in Fi-
gures 12A, 12B.

Transapical version has been used extensively and pub-
lished data shown [9,10].

Transfemoral version is evidenced in published regis-
tries, (1000 patients enrolled in SAVI TF [Symetis ACURA-
TE neo™ Valve Implantation using TransFemoral Access]).
The registry was presented at PCR 2016 [11].

Implant success was 98.7%, 30-day mortality 1.3%,
30-day stroke 1.9%, post procedural mean EOA 1.8 cm?,
95.9% of implants had aortic regurgitation grade 1 and
less. One-year data are expected at next year meetings.

Venus Medtech (Venus-A valve/
Venibri-A valve)

Originating in China, Venus Medtech has produced a self-
-expanding nitinol frame porcine pericardial leaflet pro-
sthesis (Fig. 13) for emerging markets and completed in
2015 the first pivotal trial for TAVI in China. The platform
is based on a self-expanding hour-glass morphology stent
frame design with some key differences to other designs
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A SAVITF 1000

Acute outcomes Post-implant
Population [n] 1000

Procedure success [n] 987 (98.7 %)

VinV 9(0.9 %)

Conversion to surgery 3(0.3 %)

Aborted procedure 1(0.1 %)

* Device usage time [min:sec, mean + SD] 6:34+6.0
Deployed with rapid pacing [n] 487 (48.7%)

* Delivery system into sheath to delivery system removal post-implant

B SAVITF 1000

Performance 7 days
Population [n] 999*
Mean BP gradient [mmHg] (n = 919) 8.3x4.0
Mean EOA [cm?] (n = 546) 1.81+0.5
PVL grade n =966
< Grade 1 (none to mild) [n] | 926 (95,9 %)
Grade 2 (moderate) [n] 39 (4.0 %)
> Grade 2 [n] 1(0.1%)

* One patient withdrew consent after treatment.

Fig. 12 - (A, B) Symetis Registry results

employed in Western countries; it has 3 markers 6 mm
aortic to the device inflow, it has a higher radial force
that was designed to address the excess calcification no-
ted in the Chinese aortic stenosis population, its four sizes
are presently 23 mm, 26 mm, 29 mm and 32 mm and it
has a reinforced delivery capsule with a smoother inner
wall designed for easier loading and more stable device
deployment; the device profile is 19 Fr but is performed
sheathless which often facilitates device delivery in fe-
moral vessels below 6 mm in the absence of significant
calcification.

A recent iteration has been facilitated by a joint ven-
ture collaboration with Colibri (a company specializing
in dry leaflet technology) and the resultant product (Ve-
nibri-A) has the same frame, leaflet and delivery system

Fig. 13 - Venus valve implant

design as Venus-A but dry leaflets which facilitates a pre-
-crimped, packaged and sterilized system. The dry tissue
technology has no residual gluaraldehyde residue and is
hoped to improve device durability but currently facilita-
tes an immediate off-the-shelf product that requires no
device loading and a few seconds of device preparation
(comprising only flushing of the delivery system). The de-
vice has been deployed in a first-in-human in South Ame-
rica recently with 2 successful implants with deployment
time only 15 and 16 minutes respectively from device
opening.

Venus evidence

The Venus A trial recently completed 1-year follow-up
and the data has been submitted for publication and for
device approval with the Chinese FDA. Between Septem-
ber 2012 and January 2015, 101 patients were treated in
China. The study included a large proportion of bicuspid
aortic valve (BAV) disease (almost a half), an anatomy that
was observed frequently in China [12]; other differences
noted in the Chinese TAVI population relative to the Wes-
tern TAVI populations included smaller iliofemoral acce-
ss, more frequent BAV anatomy (although this may be
driven by age, non-raphe, also known as Sievers type 0
morphology predominated in contrast to the raphe-type
morphology that dominates in the West) and considerab-
le excess of valvular calcium volume in both tricuspid and
BAV morphologies [12].

In the Venus-A trial employed 86.1% transfemoral
and 13.9% transaortic approach. At 30 days, mortality
was 5.3% and stroke/TIA 0%. Valve function and cumula-
tive survival at 6 months was similar in tricuspid and BAV
morphologies (6-month survival 96.2% with tricuspid and
90.9% with BAV, p=0.29).
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