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Abstract

In recent years, an increasing number of bioprostheses have been implanted, and in the near future more and more
patients will be candidates for reoperation due to structural deterioration of the valve. Valve-in-valve transcatheter
aortic valve replacement (ViV TAVR) has become a safe and effective alternative to surgery and is currently
approved for higher-risk, inoperable patients. From the most recent studies, early mortality has decreased and
improvements in symptoms and quality of life of treated patients have been documented. ViV TAVR is a complex
procedure that can present many pitfalls and therefore must be performed in high volume centers and with
experienced staff because the risk of peri- and post-procedural complications is much higher than TAVR on native
valve. In this review, we analyze the main procedural issues reported in the literature during ViV TAVR procedures:
elevated postprocedural gradients, coronary obstruction and thrombosis of the leaflets of the bioprosthesis.
Because of the opening of TAVR to younger and younger patients, thus with a longer life expectancy than the
durability of the bioprosthesis, the next challenge will be the management of the lifetime strategy of patients with
aortic stenosis, as the first type of intervention will influence all future therapeutic choices of our patient.

Keywords: Transcatheter aortic valve replacement, valve-in-valve, structural valve deterioration, bioprosthetic
valve failure

INTRODUCTION
In the last decade, transcatheter aortic valve replacement (TAVR) has dramatically changed the
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management of symptomatic severe aortic stenosis. TAVR has now been approved in patients with severe
symptomatic aortic stenosis across all surgical risk profiles and for patients with failed bioprosthetic valves
(BVs). Valve-in-valve (ViV) TAVR has emerged as an alternative to surgical aortic valve replacement
(SAVR) in patients at high operative risk, now accounting for approximately 5% of all TAVR procedures
performed in the United States". BVs are increasingly being used for young patients, at the expense of
mechanical valves, and this will result in a major increase in reinterventions in the next future. Data
currently available from large registries are encouraging in terms of safety and long-term survival with one-
year survival rates exceeding 80%"*.

To identify a dysfunctional valve, in 2017, a consensus document from the European Society of
Interventional Cardiology (EAPCI), the European Society of Cardio-Thoracic Surgery, and the European
Society of Cardiology defined structural valve deterioration as: (1) mean gradient 2 40 mmHg and/or 2 20
mmHg change from baseline (before discharge or within 30 days of valve implantation); and/or (2) severe
new or worsening intra-prosthetic aortic regurgitation”. More recently, in the Valve Academic Research
Consortium (VARC)-3, four main categories of aortic bioprosthetic dysfunctions have been defined, based
on the main etiopathogenetic mechanisms: structural valve deterioration (SVD), non-structural valve
deterioration (NSVD) (e.g., paravalvular regurgitation and prosthesis-patient mismatch), thrombosis and
endocarditis'.

ViV TAVR is more complex than native valve TAVR and should ideally be performed by experienced
teams after a multidisciplinary decision in the heart team according to the latest guidelines”*. Therefore, a
standardized approach and a meticulous pre-procedural planning are the keys to success. The purpose of
this review is to give a contemporary overview regarding the current and future challenges of this
procedure.

CHOOSING THE BEST TREATMENT FOR DEGENERATED BIOPROSTHESIS

Although, to date, there are no data from randomized trials regarding the best treatment of SVD, data from
meta-analyses have demonstrated a lower incidence of postoperative complications and 30-day mortality
with similar one-year and midterm mortality rates for TAVR ViV compared with redo SAVR, despite

9-11]

increased rates of major bleeding, myocardial infarction and severe prosthesis-patient mismatch!

ViV TAVR is currently the treatment of choice for patients with degenerated surgical BVs considered to be
at high or extreme risk for a redo SAVR. In contrast, redo SAVR remains the first choice in patients at
intermediate or low surgical risk unless there are unfavorable anatomies (e.g., calcified aortic root or hostile
chest). Younger age (< 75 years old), thus greater life expectancy, and unfavorable coronary anatomy due to
high risk of coronary artery obstruction should be considered predisposing factors toward redo SAVR given
the current lack of long-term data regarding ViV TAVR. Other features in favor of redo SAVR are the
presence of a severe paravalvular leak or small BVs with severe prosthesis-patient mismatch in which
percutaneous closure or bioprosthesis fracture are not feasible!.

BIOPROSTHETIC VALVE CHARACTERISTICS

Obtaining information about the type of surgery performed and the characteristics of the implanted valve
are the first fundamental steps in preparing for the procedure. There are two main groups of bioprosthetic
surgical valves: stented and stentless surgical devices"*'?. Stentless valves, representing approximately 20%
of patients with ViV, most frequently present with regurgitation as a modality of degeneration, with lower
postprocedural gradients than those observed with stented valves but with higher rates of periprocedural
complications as initial device malposition, second transcatheter device, coronary obstruction and
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paravalvular leak, but no difference in 30-day and 1-year outcome'. Stented valves, especially those with
externally mounted leaflets (e.g., Mitroflow, Livanova PLC/Sorin Group, Saluggia, Italy), have frequently
been used in the past, mainly in small anatomies, because they guarantee a lower final gradient, but these

are the valves at the highest risk for coronary obstruction in ViV procedures'>'.

The type of transcatheter heart valve (THV) must also be carefully selected. There are supra-annular valves
(i.e., functional leaflets placed over the aortic annulus), such as the CoreValve/Evolut (Medtronic,
Minneapolis, Minnesota, USA) and the ACURATE (Boston Scientific, Marlborough, MA, USA), whereas
others are intra-annular, such as the SAPIEN (Edwards Lifesciences, Irvine, California, USA) and the
Portico (Abbott, Lake Bluff, Illinois, USA). There are no randomized comparison studies between TAVR
ViV and SAVR or between different transcatheter devices in ViV procedures. From two propensity-
matched comparisons between transcatheter valves, the CoreValve family showed greater effective orifice
area (EOA), lower mean gradients, lower incidence of moderate-to-severe aortic regurgitation and lower
mortality compared with the Portico, whereas a comparison between SAPIEN XT and SAPIEN 3 patients
documented lower 30-day mortality in the latter. There were no differences in elevated postprocedural
gradients between devices, and SAPIEN 3 patients, because of the different valve profile, were more likely to
undergo pacemaker implantation after ViV TAVR (6% vs. 2.5%, P = 0.07)""'*.,

Computed tomography scan (CT) remains, in the presence or even more in the absence of data regarding
the procedure performed or the implanted prosthesis, a fundamental tool for planning a ViV TAVR.
Thanks to the CT study, it is therefore possible to have precious information regarding the type of
prosthesis, the correct size of the valve and the confirmation of the true internal lumen (ID), which is the
true reference measurement for our THV. The ID corresponds to the internal diameter in the case of a valve
with externally mounted leaflets, while, in the case of internally mounted leaflets, the internal diameter of
the prosthesis will be reduced".

Finally, regarding the correct study of the bioprostheses, the “Valve-in-Valve” app developed in
collaboration between the technology company UBQO and Dr. Vinayak Bapat is certainly one of the must-
have tools for optimal planning of the ViV TAVR procedure™.

CORONARY OBSTRUCTION

Compared to TAVR on native valve, ViV TAVR has a higher risk of coronary occlusion (0.1% vs. 3.1%).
Although rare, this complication is one of the most worrisome events and is associated with a higher 30-day
mortality compared to an uneventful procedure (48.6% vs. 3.7%)"". Obstruction of the left coronary artery is
more frequent (72%) than obstruction of both ostia (20%) or the right coronary artery alone (8%). The
primary mechanism underlying this event is the displacement of the surgical valve leaflets toward the
coronary ostia after valve implantation (58%), but it can also occur after initial valvuloplasty (3%), after
post-dilatation (3%), within the first 24 h after TAVR (22%), or even afterward (14%). The obstruction may
be partial (57%) or complete (43%); the patient presents severely hypotensive (58%) and with ischemic ECG
changes. Percutaneous coronary intervention (PCI) was attempted in 77.8% of patients, with only 64.3%
successful. Mortality was 22% in successful PCI and 50% when patient was referred for emergency coronary
artery bypass grafting. Eighty percent of patients with unsuccessful PCI died. In 36% of cases, coronary
obstruction had delayed onset and most of these complications (77%) occurred in patients with self-
expanding devices because of their ability to continue to expand after the procedure. The incidence of
coronary obstruction in TAVR from failed surgical prostheses is much higher in externally mounted valves
(6.4%) and stentless valves (3.7%), compared with those with internally mounted leaflets (0.7%). Stentless
and stented valves with externally mounted leaflets, such as Mitroflow (Livanova PLC/Sorin Group,
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Saluggia, Italy) and Trifecta (Abbott), were the only factors independently associated with coronary
obstruction"*.

As mentioned above, a rare event is then delayed coronary obstruction (DCO), defined as an obstruction
that occurs after the patient leaves the operating room after TAVR. It is more common in TAVR ViV after
self-expanding valve implantation. DCO was found in the first seven days after the procedure (63%), in 47%
of cases within 24 h, but also after 60 days (37%). Presentation with cardiac arrest was the most frequent
(32%). Mechanisms underlying early DCO, the one associated with higher mortality, include continuous
THYV expansion, coronary dissection and aortic root hematoma. Mechanisms of late obstruction include
endothelization of native or surgical bioprosthetic leaflets or thrombus embolization that may occur in the
TAVR valve or sinus of Valsalva®'.

Other patients at high risk for coronary obstruction are those with small anatomies, especially narrow
sinuses of Valsalva, narrow sinotubular junction (STJ) and low coronary ostium. These patients have often
received a small surgical valve, which therefore increases the potential risk of coronary obstruction*.
According to data from the Valve-in-Valve International Data (VIVID) registry, 28% of ViV TAVR were
labeled as 21 mm valves and, in the PARTNER surgical arm, approximately one-third of patients had

undergone cardiac surgery with a small valve*,

As recently demonstrated by Ochiai et al®, pre-TAVR CT scan can predict the risk of coronary
obstruction due to sinus sequestration in patients undergoing redo TAVR with low STJ height. After a post-
TAVR CT analysis, they documented a statistically significant difference in terms of coronary obstruction
due to sinus sequestration between the two groups (Evolut R/Evolut PRO group 45.5% vs. Sapien 3 group
2.0%, P < 0.001) and the inability to perform a preventive leaflet laceration procedure because of the
overlaps between the first THV commissural posts and the coronary ostium in a significant proportion of
patients. Thus, they concluded that a THV with low commissure height that was designed to achieve
commissure-to-commissure alignment with the native aortic valves may be preferable to avoid the risk of
coronary obstruction due to sinus sequestration and allow for a preventive leaflet laceration procedure in
future redo TAVR™.

As identified by the Vancouver group, another key piece of information given by the pre-TAVR CT study is
the virtual distance between the THV and the coronary ostium, which has been shown to be a reliable
predictor of coronary obstruction. A virtual ring of the same diameter as the planned TAVR is inserted in
the center of the degenerated bioprosthesis, positioned at the height of the coronary ostium with a coplanar
alignment to more accurately reflect the position of the future prosthesis. This measure was defined as
virtual transcatheter valve-to-coronary distance (VTC). A VTC below 4 mm is a very accurate cut-off, with
high sensitivity and specificity (P < 0.001). There were no differences in ostium height between patients with
and without coronary obstruction®. Distances of VTC and valve-to-STJ (VTST]) < 3 mm would be
considered at high risk of coronary obstruction as demonstrated by Dvir et al..

To prevent this terrible complication, one of the most used techniques consists in the placement of a
guiding catheter and a coronary guidewire in the coronary artery at risk with a coronary balloon or an
undeployed stent ready to be used in case of coronary obstruction (chimney technique)®. Urgent stenting
of the left main was necessary in approximately 20% of patients who underwent coronary protection".

27,28

Unfortunately, even this technique may be associated with several complications such as inability to
withdraw the stent, mechanical deformation of the stent caused by the bioprosthesis or inability to re-access
to the coronary arteries in the future. In addition, there are no data regarding the long-term patency of these
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stents!"?,

Another technique developed to prevent coronary obstruction is the Bioprosthetic Aortic Scallop
Intentional Laceration to prevent latrogenic Coronary Artery obstruction (BASILICA) procedure™. Since
the first one in 2017, dozens of procedures have been performed worldwide with satisfactory results. The
valve leaflets are lacerated via an electrified guidewire, thereby facilitating blood flow to the coronary artery.
Pending data regarding the BASILICA procedure in TAVR ViV, those currently available in the literature
demonstrate excellent success rates and low mortality rates in high-risk patients for coronary obstruction
undergoing TAVR over native valve .,

After THV implantation, the leaflets of the degenerated surgical prosthesis will be tilted up, thus creating a
covered cylindrical stent through which it will be impossible to pass a coronary catheter. The height of this

barrier, previously called neoskirt" "

, will be determined by the length of the degenerated surgical
prosthesis leaflets. Several factors must be considered when assessing the risk of coronary artery re-access:

the size of the STJ, the location of the coronary ostia in relation to the neoskirt and the type of the THV"?.

A coronary artery obstruction risk classification was created in 2019 from the VIVID registry. Through an
anatomical classification of the aortic root and valve leaflet location to determine the possible need for the
BASILICA procedure, three types of patients were identified: Type I with aortic valve leaflets below the
coronary ostium; Type II with leaflets above the ostium in the presence of wide (IIA) or effaced sinuses
(IIb); and Type III leaflets above or very close to the ST] with wide ST]/sinuses (IIIA), with effaced sinuses
(ITIB), and with narrow STJ (IIIC). According to this algorithm, the BASILICA procedure should be
considered in case of a VIC < 4 mm as in Types IIB, IIIB, and ITIC*".

Regarding TAVR-in-TAVR procedures, Tarantini ef al.”” proposed an algorithm based on the anatomy of
the aortic root and its interaction with the different THVs to predict the risk of acute coronary occlusion
and feasibility of future coronary access after TAVR-in-TAVR. Through a combined CT and coronary
angiography analysis, they identified the risk plane (RP) as the level below which the passage of a coronary
catheter will be impossible after the second THV and identified different types of scenarios based on the
patient’s anatomy and the first THV implanted. Coronary artery re-access will be possible in Type 1, with
coronary ostia below the RP, and Type 2a, with coronary ostia below the RP but with the valve-to-aorta
distance (VTA) > 2 mm, particularly if the THV type used for ViV TAVR has an open-cell design”®.

Instead, Type 2b, with coronary ostia below the RP and VTA < 2 mm, is associated with a high risk of
coronary obstruction”. The use of a THV with a low frame is certainly an advantage over supra-annular
THV's with higher frames and higher asymmetric commissures. During implantation, proper commissure
alignment, possible with some partially orientable devices as Evolut (Medtronic, Minneapolis, MN, USA)
and ACURATE (Boston Scientific, Marlborough, MA, USA), with the surgical bioprosthesis or the first
THV will be critical because misalignment could make re-access to the coronary ostia impossible!>*. All
factors related to coronary obstruction are resumed in Figure 1.

PROSTHESIS-PATIENT MISMATCH AFTER VIV TAVR

Prosthesis-patient mismatch (PPM) occurs when the EOA of a normally functioning prosthesis is too small
in relation to the patient’s body size, causing abnormally high postoperative gradients. Severe PPM is
defined as an indexed effective orifice area (iEOA) < 0.65 cm’/m” following aortic valve replacement*. The
PPM is relatively frequent following SAVR in patients with small anatomies and becomes a problem to
consider during the planning process of patients with degenerated small aortic bioprosthesis. Female sex is a
strong clinical predictor of PPM after SAVR. In addition, older age, hypertension, diabetes, renal failure,
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Figure 1. Factors related to coronary obstruction.

and a higher surgical risk score predict the likelihood of PPM, suggesting that PPM may be a surrogate
marker for adverse outcomes™. Surgical 19 mm biological valves have a “physiological” mean gradient of
approximately 25 mmHg if the leaflets of the valve are sutured inside the posts of the stent (e.g., Carpentier-
Edwards Pericardial) and around 10 mmHg if the leaflets are sutured outside the stent frame (e.g.,
Mitroflow)™!.

A TAVR ViV is associated with a higher risk of high residual severe gradients and one-year mortality. In the
STS/ACC TVT and VIVID registries, more than 30% of ViV procedures were associated with severe
22 ViV TAVR was associated with hemodynamic deterioration with
gradient increase of more than 10 mmHg between discharge and 30-day follow-up in the TVT registry'*.
Patients at even greater risk are those who have undergone SAVR, with PPM, and then arrive with SVD>*,
Severe PPM before the ViV procedure was associated with higher 30-day and 1-year mortality and a post-
procedure gradient greater than 20 mmHg™!. To try to reduce the risk of having a high post-procedure
gradient, some measures can be taken, such as the choice of a supra-annular valve and a high THV implant.

residual gradients after surgery

Self-expandable (SE) valves, compared with balloon-expandable (BE) valves, are associated with lower post-
ViV gradients, especially in severe preexisting PPM"“. In TAVR, deep implantation of a SE valve is a
stronger predictor of PPM than age, annulus size, left ventricular outflow tract, and valve size'”. The
recommended cut-offs for high positioning for CoreValve/Evolut and SAPIEN 3 are 5 mm and 20%,
respectively'*”. However, the optimal height and deployment dimensions for ViV prostheses are still
unclear. In vitro testing, lower gradients, and larger orifice areas are achieved with taller implants that
provide more freedom to the leaflets'. Higher implantation, however, is associated with an increased risk
of residual regurgitation and valve embolization, which varies between prosthesis types*™*". Seiffert et al.""”
and Dvir et al.”” recommended an optimal depth of 3 mm for the Medtronic SE valve and 80% aortic/20%
ventricular for the Edwards valve. Increased THYV size is not always associated with increased EOA. In
vitro, a higher EOA was observed for the Trifecta and Epic Supra valves but a lower EOA for the Mitroflow.
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An increased risk of embolization has been documented by placing a larger prosthesis in an Epic Supra®.
In addition, SVD is more rapid if the THV is not fully expanded.

Furthermore, the VIVID registry has developed a TAVR ViV calculator that can calculate the expected
PPM at the end of the procedure, available at http://valveinvalve.org*.

All of the factors that jointly result in a high post-procedural gradient are summarized in Table 1.

BIOPROSTHETIC VALVE FRACTURE

In addition to the higher THV implantation techniques, another technique that can be used in the case of
high post-procedural gradient is the bioprosthetic valve fracture (BVF). BVF has been proposed as a
technique to increase the true ID of the THV to allow either a larger THV or a better expanded THV to be
implanted in order to optimize hemodynamic performance!”. However, not all stented valves are prone to
fracture. As demonstrated by bench tests, Abbott Trifecta and Medtronic Hancock II valves cannot be
fractured®** [Figure 2]. Sutureless and stentless valves are also not eligible for BVF but can be subjected to
balloon valve remodeling (BVR) by overexpansion"”. BVF is performed using a high-pressure,
noncompliant balloon, such as the Atlas Gold (BARD Peripheral Vascular, Tempe, Arizona, USA) and
TRUE balloon (BARD Peripheral Vascular), that is chosen 1 mm smaller than the size of the prosthesis"®.

Using a 60 mL syringe plus an indeflator assembly connected with a high-pressure three-way stopcock,
under rapid ventricular pacing, the syringe is quickly emptied to inflate the balloon, then switched to
cranking the indeflator to achieve high-pressure inflation”.

Although BVF can be performed before or after TAVR ViV, most are performed after TAVR. While BVF
prior to TAVR facilitates implantation of a SE valve with less sizing mismatch and confirms successful
fracture prior to implantation, it may also cause hemodynamic instability due to severe acute aortic
regurgitation and the need for post-dilation to optimize hemodynamics"?. BVF after TAVR ViV, instead,
may ensure greater THV expansion and reduce the risk of hemodynamic instability due to acute severe
aortic regurgitation after fracture with the risk of possible injury to the prosthesis leaflets e with unknown

12,58,59

long-term effect on THV durability">****. Possible complications of BVF include hemodynamic instability,
THV migration, coronary artery obstruction, annular rupture, THV damage, leaflet tearing, accelerated

degeneration, and debris displacement**.

The pros and cons of performing BVF before or after transcatheter valve implantation are resumed in
Table 2.

To address the problem of annular fracture, a new surgical bioprosthesis (Inspiris Resilia, Edwards
Lifesciences, Irvine, CA) was made with a peculiar zone in its frame which allows expansion via a BVR
mechanism. A cobalt-chromium alloy wire makes the valve able to expand more during ViV TAVR with
the possibility of being able to implant a larger TAVR*’. Despite everything, however, some patients may
benefit more from a surgical reintervention with annular enlargement or replacement techniques; the main
factor to consider being the patient’s life expectancy'*'..

TAVR-IN-TAVR AND FUTURE PERSPECTIVES IN YOUNG PATIENTS

With the release of the PARTNER (Placement of AoRtic TraNscathetER Valves) 3 and Evolut Low Risk
trials, TAVR procedures will increasingly include younger and low-risk patients, and this could lead to an
issue regarding the future management pathway for patients with aortic stenosis'*>*".
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Table 1. Correlates for residual high postprocedural gradients after ViV TAVR. Adapted from Simonato et al.""

Pre-procedural

Baseline prosthesis-patient mismatch
Stented bioprosthesis

Small bioprosthesis

Failure due to stenosis
Procedural

Intra-annular THV

Deep implantation of a THV
Non-fracturable valve
Post-procedural

Structural valve degeneration
Leaflets thrombosis

Transcatheter heart valve-associated prosthesis-patient mismatch

THV: Transcatheter heart valve.

Table 2. Pros and cons of performing BVF before or after ViV TAVR

Pros Cons
BVF before ViV - Facilitates implantation of a self-expanding valve with less sizing - Hemodynamic instability due to severe acute aortic
TAVR mismatch regurgitation

- Confirms successful fracture prior to implantation - Need for post-dilation to optimize hemodynamics
BVF after ViV - Greater THV expansion - THV migration
TAVR - Reduce the risk of hemodynamic instability due to acute severe - THV damage or leaflet tearing

aortic regurgitation - Unknown long-term effect on THV durability

BVF: Balloon valve fracture; ViV TAVR: valve-in-valve transcatheter aortic valve replacement; THV: transcatheter heart valve.

In the case of a patient with aortic stenosis and long-life expectancy, greater than the durability of BVs, the
Heart Team must anticipate the impact of the first intervention on future treatment options.

In fact, in addition to life expectancy, we must keep in mind, at the first intervention, the type of the
bioprosthesis we will implant and the anatomy of the aortic root'**..

In patients who are candidates for TAVR, THV with short frame and large open stent frame cells seems to
be a better first choice in case of large aortic roots and high coronary ostium, in the case of anatomies that
do not prevent the implantation of a future second or third THV"*,

On the contrary, subjects with low coronary ostia and small aortic root could face more risks and
procedural difficulties in view of a future TAVR-in-TAVR; therefore, a SAVR with large valves and
possibility of aortic root enlargement should be offered, always considering a possible future TAVR-in-
SAVR and, theoretically, a possible TAVR-in-TAVR-in-SAVR"".

As the number of TAVR implants increases, surgical TAVR explantations are also on the rise. From
currently available data, the clinical effects of explant of chronically implanted TAVR with potential need
for aortic repair are not negligible and should be considered in the lifelong management of patient with
aortic stenosis**”’\. If the adverse outcomes are confirmed over the next few years, TAVR should not be
performed as a first intervention in patients in whom TAVR explantation will be the only possible future
reintervention. However, TAVR explant will remain the primary therapy in patients with THV



Annibali et al. Mini-invasive Surg 2022;6:12 | https://dx.doi.org/10.20517/2574-1225.2021.101 Page 9 of 16

St. Jude Trifecta

St Jude Biocor Epic

{ )

Medtronic Mosaig|

‘ 19 mm
,.u- 21 mm v

Medtronic Hancock Il

19 mm

21 mm x

21 mm (v 4

Sorin Mitrofiow

19 mm
21 mm

19 mm
21 mm

EQwards Magna

[ 19 mm

Figure 2. Stented valves prone to fracture.

endocarditis, those with severe paravalvular leak, other heart or aortic diseases, and at high risk of coronary
artery occlusion*.

Indeed, while TAVR is associated with almost twice the in-hospital mortality compared with SAVR, TAVR-
in-TAVR represents a less invasive therapeutic option, with reduced 30-day mortality and lower incidence
of major adverse cardiac events'®”. Unfortunately, this will not be a feasible procedure for all patients;
therefore, one must be aware of the future importance of the first treatment decision in the young patient

[64]

with aortic stenosis'®.

The need to implant a second (or third) TAVR for acute bioprosthesis failure occurs in 1.4%-6.7% of cases
(most frequently for acute aortic regurgitation), with satisfactory long-term results similar to those with a
single valve!***/ [Figure 3]. In the case of a larger annulus, the likelihood of a second valve is higher'.
Outcomes of TAVR for treatment of failed THVs, albeit in a small series, appear satisfactory”. In the
absence of data regarding the bioprosthesis, pre-procedure CT planning is critical to assess its internal

diameter at the level of leaflets insertion'.

In the case of TAVR SVD, it is possible to insert a valve of similar size to the one placed in the original
procedure. In the case of a BE valve inside a SE valve, we can use the annulus measurements of the original
native valve to select the valve size. A BE valve within a SE valve can effectively treat, via a sealing effect,
moderate-to-severe paravalvular regurgitation by exploiting the increased radial strength of the BE™.
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Figure 3. TAVR-in-TAVR after ViV TAVR. A degenerated Carpentier-Edwards Perimount 27 mm bioprosthesis (Edwards Lifesciences,
Irvine, California, USA) treated with a first TAVR CoreValve Evolut R 29 mm (Medtronic, Minneapolis, Minnesota, USA) and a
subsequent Sapien3 Ultra 26 mm (Edwards Lifesciences, Irvine, California, USA), due to damage to CoreValve leaflets after post-
dilation by incomplete expansion with severe aortic regurgitation.

After TAVR, coronary treatment can be challenging, but it is reported with a good success rate in more than
90% of cases'™. The risk of coronary artery obstruction should be assessed similarly to that of a surgical BV
with particular caution regarding STJ height as mentioned above. Placement of a second TAVR, especially if
SE, can make access to the coronary arteries much more difficult, so it is even more important to perform a
correct implantation that respects the origin of the coronary ostia and the valve commissures'>”".

Finally, long-term outcome from the VIVID registry revealed an eight-year survival rate of 38.0% after ViV
TAVR with the main factors related to mortality and reintervention were small true ID, pre-existing severe
PPM and BE valve use™.

POST-IMPLANT VALVE THROMBOSIS

Subclinical leaflet thrombosis is defined as the presence of a reduced leaflet motion associated with
hypoattenuating lesions on CT and an increased number of transient ischemic attacks"”. Hypo-attenuated
leaflet thickening is an increase in the thickness of the bioprosthetic leaflets with typical meniscal
appearance in at least two different multiplanar projections, evidenced on contrast-enhanced CT scan, with
still unclear effects on patient outcome and on the long-term valve function””. A semi-quantitative
classification has been assumed by describing the percentage of leaflet involvement starting from its basal
insertion. Causes of leaflet thickening and reduced leaflet motion include leaflet thrombosis, endocarditis,
leaflet deterioration and valve frame expansion issues'®.

Reduction in leaflets motion caused by thrombosis has been noted in both TAVR and SAVR valves”™. Data
from the different registries show that reduced leaflet motion is a relatively common event involving 4% of
SAVR patients and 13% of TAVR patients”. Thrombosis of the transcatheter-implanted aortic valve rarely
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leads to heart failure because of increased transvalvular gradients (1%-3%)"**"..

In recent studies, subclinical leaflets thrombosis has been identified in a quarter of patients on antiplatelet
therapy, and there is evidence that oral anticoagulants prevent and can effectively regress leaflets thrombosis
with a significant reduction of valve gradient, although subclinical leaflets thrombosis may regress
spontaneously””***!. Some observational studies have shown an increase in thromboembolic events in
patients with subclinical leaflets thrombosis, but this has not been confirmed in the GALILEO trial and
other studies. The PARTNER-3-CT sub-study showed only a slightly higher valvular gradient when there
was present subclinical leaflets thrombosis at both 1 and 12 months'®,

ViV TAVR patients need to be considered at high risk of THV leaflets thrombosis for several reasons. In the
case of a very low implant, the THV will work with suboptimal hemodynamics with altered flow patterns,
creating a milieu for leaflet degeneration and, possibly, for thrombosis. Conversely, in the case of a very
high implant, which is requested in ViV procedures inside small surgical valves in order to achieve the
lowest possible gradient, there are ex-vivo bench-test data showing produced blood flow in some regions
between the two prostheses”*). From computational study with flow fields, one of the hypothesized
mechanisms underlying this phenomenon is considered to be the geometric confinement of TAVR leaflets
by failed bioprostheses, which promotes the slowing of blood flow and promotes leaflet thrombosis'™.
Thrombosis events were more commonly described in patients with Mosaic (Medtronic) and Hancock II
(Medtronic) compared with other prostheses (20.3% vs. 7.2%) in patients without anticoagulant therapy'®.
Among the hypotheses evaluated, it appears that this complication may result from design factors'®”.
Therefore, a more aggressive anticoagulation regimen after ViV TAVR is recommended, especially in
patient with high thrombotic risk and low hemorrhagic risk"”.

Nowadays, there are no robust randomized data on antiplatelet versus anticoagulation after ViV TAVR.
Based on recent studies and randomized controlled trials, a viewpoint document, that provides up-to-date
therapeutic insights into the peri- and post-TAVI antithrombotic treatment but with no particular
recommendations regarding ViV TAVR, was recently released”™. Finally, the optimal antithrombotic
regimen after ViV TAVR procedures should be based on the patient’s specific anatomical (e.g., higher risk
of leaflet thrombosis) and clinical (e.g., atrial fibrillation) characteristics"?..

STROKE RISK IN VIV TAVR

Stroke is an independent risk factor for increased mortality following TAVR™. Embolization is the main
etiopathogenetic mechanism in the periprocedural period, while late events may be either device related or
spontaneous. Despite the substantial decline in stroke rates after TAVR in the most recent trials, it remains
one of the most important adverse events'®.

Although degenerated surgical bioprostheses are often calcified and more fragile, no statistically significant
difference in stroke rates was identified between ViV TAVR and TAVR on native valve®'. Furthermore, as
reported in a recent meta-analysis by Macherey et al.”™, quantitative analysis demonstrated no statistically
significant difference in 30-day stroke rates, 30-day mortality, and 1-year mortality among ViV TAVR,
TAVR on native valve and redo SAVR"”.

Studies on cerebral embolic protection device (CEPD) have been conducted primarily on TAVR on native
valves and have been shown to reduce stroke rates but without reducing procedural complication rates or
length of stay. Debris material, thrombus, valve tissue, aortic wall or calcification, captured by a CEPD in
ViV TAVR, does not appear to be different from native TAVR procedures” . Therefore, CEPD use should
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be individualized based on operative risk factors (e.g., expected increase in catheter manipulation, multiple
repositioning maneuvers, pre- and post-dilatation/BVF, and BASILICA procedure)"”.

CONCLUSION

ViV TAVR is a safe, effective and well-established procedure supported by increasingly convincing data.
The procedure is a viable alternative treatment option for failed surgical bioprosthetic valves, currently
approved for patients judged to be at prohibitive risk for surgical redo. It is a complex procedure that can
present many pitfalls and therefore must be performed in high volume centers and with experienced
personnel because the risk of peri- and post-procedural complications is much higher than TAVR on native
valve. Techniques such as BASILICA or surgical prosthesis fracture have reduced the rate of postprocedural
complications such as elevated postprocedural gradients, coronary obstruction and leaflet thrombosis while
improving the safety and long-term outcomes of the procedure. Because of the opening of TAVR to
younger and younger patients, thus with a longer life expectancy than the durability of the bioprosthesis, the
next challenge will be the management of the lifetime strategy of patients with aortic stenosis, as the first
type of intervention will influence all future therapeutic choices of our patient.
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