Short Commentary

Transcatheter Heart Valve
Replacement: The Successes
Achieved Are Not Enough

to Disguise the Concern of
Thrombosis and Structural Valve

Deterioration

This article summarizes the current research on the benefits of using the transfemoral approach for
percutaneous aortic valve implant and the transaortic valve replacement as an operation for severe aortic
valve stenosis. Based on the available evidence, the authors provide recommendations for the use of the
catheter aortic implantation in intermediate/high risk patients undergoing mechanical operation. Further
studies are needed before extensive use of the catheter-based aortic valve procedure in younger patients at

lower risk.
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Introduction

Cribier announcing the first steps of a catheter
aortic valve implantation has traced a new
way for the treatment of severe aortic valve
stenosis in prohibitive/high risk patients [1].
This procedure has proven safety and efficacy
over the past 17 years [2]. TAVR has rapidly
expanded towards the transmitral valve therapy
(TMVT) revealing a common destination of
replacing standard surgical valve replacement
in favor of transcatheter heart valve therapies.
The number of procedures performed has
increased exponentially, feeding the Registry
of Transcatheter Valve Therapy (TVT) with
54,782 TAVR, with a massive increase from
4,627 in 2012 to 28,808 TAVRs implanted
in 2015 (1,898 of which were TViV) [3].
Of the 418 reporting centers that perform
TAVR, 176 practice transcatheter mitral
leaflet clip (TMC) while 98 perform mitral
valve-in-valve implantation for degenerated
bioprosthesis (TMViV) and mitral valve-
in-ring implantation for failed annuloplasty
rings (TMVIR). Transcatheter valve-in-valve
(TViV) techniques are used at 292 centers [3].

This therapy is driven by the seemingly
unlimited financial generosity of the industries
and supported by astonishing technological
advances. As a result, many health providers in

highly specialized centers have been attracted
by gargantuan investment projects of the
leading suppliers of the new technology [4].
The remarkable benefit of percutaneous valve
replacement in low/intermediate-risk patients
is well documented [2], however, European
and American experts have raised concerns
regarding early structural valve degeneration
and thrombosis of the transcatheter heart valve
(THV) (THVT) [5,6]. This should induce
caution and serve as food for thought prior to
pursuing a paradigm shift in management of
severe aortic disease in younger patients in the
low risk category [4-6].

The growing influence of industrial sponsors
via ‘financial generosity’ is also noted in high-
impact scientific journals [4]. Randomized
clinical trial studies, several observational
studies and multicenter registries provide
solid scientific information for determining
guidelines. Sponsor-led studies may create a
serious deterrent to the impartiality of RCTs
from which most international guidelines
are based on. Independence from funding
and the economic compensation is needed
to prevent industry directly influencing the
progression of studies [2,4,7].
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Finding answers to the current issues in TAVR
procedure

The “teething issues” of early structural valve
deterioration (SVD) [8] and transcatheter heart valve
thrombosis (THVT) [9,10] remain unresolved. Thus,
the successes to date in refining the technology of the
TAVR procedure are insufficient to firmly declare a
winner in the race against the surgical AVR.

Aortic valve and root calcifications: are still a
concern?

The bulky calcifications of the native aortic valve,
especially those extended deep within the ventricle,
increase the risk of paravalvular leakage. To date, there
is no device that has shown superiority in dealing with
this issue. By performing a biomechanical modeling, we
noted that the second generation of balloon expandable
catheter-based aortic valves may be ineffective when
used on solid and bulky native aortic valve calcifications,
with higher values of maximum principal stress
obtained in aortic regions close to these solid calcific
blocks [11]. Conversely, the self-expanding device may
be worse in treating cumbersome calcifications due
the increased risk of slippage and malposition due to
improper device anchorage. We have demonstrated
the crucial role of positioning in determining adequate
valve anchorage. Uncrushed calcific blocks may result
in failure of the procedure due to intra-valvular or para-
valvular regurgitation and post-operative deformation
of the device [12].

Exciting promises reported in a randomized study
using a new device (Lotus Valve System MEV; Boston
Scientific Corp) using mechanically expansion have
not been backed by convincing results. In a relatively
short time MEVs have been withdrawn from trade
until 2019 due to a commonly manifesting fault in the
locking mechanism [13].

Thrombosis

Itis now evident that bioprosthetic valve cusp thrombosis
is more common than previously appreciated [9,10].
The guidelines for the administration of anti-platelet
and anticoagulant drugs have been modified for new
devices to prevent thrombosis, as established in the
Partner IIT RCTs, in which dual antiplatelet treatment is
indicated [2]. The ongoing Atlantis trial was conceived
to determine the best pharmacological anti-platelet
strategy. Thrombosis in surgical bioprosthesis rarely
occurs, although high resolution radiological studies
have attributed the phenomenon to both procedures
[14]. Despite the data reported, a syllogism between
the two procedures is not credible [10] because THVT
occurs in patients despite dual antiplatelet therapy [2].

Hanson revealed a 7% rate of THVT with 18% of
patients experiencing clinically obstructive thrombosis
of TAVR despite administration of dual antiplatelet
medicament [9]. One of the key indications for SAVR
with conventional stented xenograft was the absolute

lack of need for these drugs [14].

The current progress of technology and design
probably continues to collide with the concept that
TAVR was initially designed as a prosthesis for use
in the pulmonary artery, which has a higher degree
of extensibility and distortion compared to the aortic
root [15]. First, due to its function Valsalva’s Sinus of
aortic root is not predisposed to receiving any bulky
material, moreover with uncrushed solid calcific blocks.
It also plays a role in converting the accumulated elastic
energy during systole of the left ventricle into kinetic
flow energy to ensure distribution of blood in diastole.
This delicate function of the Valsalva sinus in TAVR
is not preserved by the presence of more deformable
or less deformable stent, (nitinol [11] vs chrome-
cobalt [12]), with uncrushed calcifications potentially
leading for paravalvular leakage. Secondly, refractory
calcific blocks may impact on procedure outcomes
such as suboptimal deployment, stent deformation and
paravalvular leak which may cause device dislodgment
with complications involving the coronary arteries
[11,12]. Therefore, the bioprosthetic constituents of the
device that normally do not require antiplatelet drugs or
anticoagulants when implanted for TAVR may develop
thrombosis [2,9,10]. The mechanisms are unclear
with a paucity of data available in the literature on the
specific relationship existing between persistent non-
crushed calcifications and development of thrombosis.
Data reported in the literature have rarely focused on
specific preoperative measurements of LVOT, annulus,
valsalva sinus and STJ in relation to the potential for
valve thrombosis. No significant data are available
concerning the direction of flow and the geometric
axis of the expanded valve in relation to the axis of
the LVOT, annulus and Valsalva’s sinus. Ribeiro et al
warned that a consistent mismatch with the dimensions
of Valsalva’s sinus should raise suspicion for malposition
and migration of TAVR that may cause obstruction of
the coronary ostia [16-18]. The relationship between
different anatomical components of valve placement
(LVOT, anatomic ventricular arterial junction,
sinotubular junction), as well as the mechanical stresses
on leaflet and stent and fluid-dynamic characteristic
deserve adequate investigation.

Structural valve degeneration

There have been no replicable results concerning the
structural valve degeneration from the PARTNER I
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trial (Placement of Aortic Transcatheter Valve Trial).
One study described no SVD requiring redo SAVR at
5 years after SAPIEN implantation [19] while a later
analysis reported few cases of reintervention in patients
with TAVR from the same RCT with continued access
to the registry [20]. Another report revealed the absence
of SVD 4 years after SAPIEN implantation but a rate
of 9.7% of living patients with moderate prosthetic
valve failure lacking the need for reoperation or
reintervention at 5-year follow-up [21]. The Medtronic
CoreValve device has a prosthesis failure rate of 1.4%.
of at 5-years compared to the Sapien (Edwards Life
Sciences) [22]. Concerns described by Del Trigo on
the early manifestation of SVD have not been fully
explained yet. The author described a significantly
increased transvalvular gradient in a large cohort of
patients within just 2 years (minimum follow-up 6
months) post-implantation and showed an occurrence
of patient prosthetic mismatch ranging between 40%
and 55% regardless of SVD [8]. The occurrence of SVD
was associated to specific subcategories of patients (<23
mm sized valve, high BMI, absence of anticoagulation,
valve-in-valve procedures). This risk of SVD could be
accentuated during crimping movements in the 14F
dispensing systems that are provided with the latest
generations of TVT which have thinner leaflets [23]
(Figure 1). THVT and SVD could be interconnected
as documented in a study supported by refined
4-dimensional computed tomography [10]. The high-
speed scanners revealed early and late leaflet immobility,

Thrombosis and Structural Valve Deterioration

thickness, and thrombosis in both SAVR and TAVR
procedures [10]. Concerns have been raised about
the immobility of bioprosthetic cusps in determining
SVD. However, this condition does not always
cause thrombosis because other factors such as valve
deformation and unusual tensile loads on the prosthetic
leaflets may also play a role [11,12]. The effectiveness of
valve durability especially when implanted in younger
intermediate risk patients (class IIA LOE B-R),
empowered by an RCT which showed non-inferiority
of TAVR vs surgical AVR in symptomatic patients at
stage D of AS36, deserves further examination. This
new potential complication in combination with the
fragility of level B-R evidence, dictated by moderate
quality of evidence from one or more RCTs require a
lot of attention in choice of patients [24].

What clearly emerges from this analysis? Data on the
reliability of the duration of device-bound bioprosthesis
are not yet sufficient to extend its use in younger-low risk
patients. We noted a rather low incidence ranging from
<1% before 5 years and 10% at 10 years for patients>65
years old when analyzing the midterm failure rates
of porcine and bovine bioprosthesis [14]. Second-
generation porcine Hancock II valves (Medtronic)
include actuarial survival rates with documented long-
term outcomes without SVD at 10, 15, and 20 years
of 95%, 75%, and 49%, respectively [25]. Evidence
on SVD from the Carpentier-Edwards Perimount
(Edwards Lifesciences) pericardial valve in the aortic

Figure 1: A-B CT scan of early degenerative cusps with calcifications (red arrow) of self-expandable catheter-based aortic valves.
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position revealed an actuarial freedom from SVD at 15
and 20 years of 79% and 54%, respectively, with an
expected valve durability (median survival time without
SVD) of 19 years [14]. Currently, our knowledge on
the stress loads of TAV leaflets are limited and and
cannot be directly measured. This gap in understanding
can only be filled by studying the areas of increased
stresses and correlating them to regions of calcific
degeneration or leaflet tearing by application of finite
element analysis. FEA involves calculating the stress
and strain coeflicients of the complex structures within
a small geometric area whereby its behaviour can be
mathematically anticipated. Therefore, its application
to medical design of TAVR may allow quantification
of stresses and investigate potential failure modes and
locations [26].

Biomechanics

Recent reports on the innovative use of Finite Element
Analysis (FEA) for research in cardiovascular science
may shed light on structural changes in biological
systems, such as the degeneration of leaflets and vessel-
wall stress. Measurements of biomechanical stress have
revealed interesting findings regarding leaflet stresses
related to the geometry of stented porcine and bovine
pericardium xenografts [11,12-26]. Recently, Xuan et
al. fully evaluated TAVR, including the leaflets, stent,
and sutures. One study performed in quasi-static
simulations at 120 mm Hg, evaluated leaflet stresses in
22 mm-diameter self-expandable bovine and porcine
valves. The authors considered the measured geometry
of leaflets and changes in thickness to determine the
stress exerted. The results revealed that the maximum
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