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As transcatheter aortic valve replacement (TAVR) expands into a younger and lower risk cohort of patients,
many important clinical questions are raised, including the one of overall valve durability. Bioprosthetic valve
dysfunction (BVD) is a complex clinical issue, of which structural valve deterioration (SVD) is a subcategory.
Similar to surgical bioprosthesis, transcatheter heart valves (THVs) can fail over the years however, data
on long-term THVs durability is lacking, especially in the lower risk cohort. Surgical explant with open
aortic surgery or a second THYV, described as redo-TAVR, are feasible options when the first THV fails.
However long-term data in these patients is even more limited. Important clinical considerations such as
the mechanism(s) of THV dysfunction, the type and timing of the second procedure must be carefully
considered. There are also inherently important clinical concerns regarding redo-TAVR, such as coronary
access and higher post procedure gradients. In the present keynote lecture, we review the diagnosis of THV

dysfunction and transcatheter options available when SVD occurs.
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Introduction

Transcatheter aortic valve replacement (TAVR) is a well-
established treatment option for patients with severe
aortic stenosis (AS) and prohibitive/high to intermediate
risk for surgery (1-5). Recent trials have demonstrated
either non-inferiority or superiority of TAVR compared
with traditional surgical aortic valve replacement (SAVR)
for younger/lower risk patients (6,7). The expanding
indications for TAVR means that by 2025, 289,000
TAVR procedures are projected to be performed annually
across the globe (1). As this exponential growth in TAVR
continues, it is paralleled by the importance of a thorough
understanding of valve durability and the treatment options
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available when the transcatheter heart valve (THV) fails.
Indeed, similarly to surgical bioprosthesis, THVs can fail
over the years, particularly in a population of patients
with a longer life expectancy. Initial TAVR trials included
only a highly comorbid, elderly population and therefore,
long-term THYV durability was not a key early concern.
However, with the expansion of TAVR into a younger,
less comorbid population, the reality that the patient will
outlive their first THV and require reintervention becomes
a real concern. THV dysfunction will likely become a major
cause of cardiovascular morbidity and possibly mortality
in the future therefore, standardized definitions and early
recognition to evaluate the THV durability is mandatory.
Identifying patients with THV dysfunction early, with
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non-invasive tests and regular clinical follow-up, is best to
allow treatment planning as required and ultimately, avoid
catastrophic THV failure. Treatment options including
surgical aortic valve replacement or a transcatheter
approach, such as redo-TAVR, are dependent on the
underlying mechanism of THV dysfunction, patient’s
anatomy, as well as individualized clinical situation and
procedural risk.

In this review, we will discuss contemporary definitions
of bioprosthetic valve dysfunction (BVD), current data
on durability of surgical and THVs, evidence of different
treatment strategies for BVD and implications for overall
patient management.

Defining THV dysfunction

In order to try and standardize definitions of bioprosthetic
valve durability, a consensus document from the European
Association of Percutaneous Cardiovascular Interventions
(EAPCI), the European Society of Cardiology (ESC),
and the European Association of Cardiothoracic Surgery
(EACTS) was produced in 2017 (8). In this consensus
document, two types of structural valve deterioration (SVD)
were described, namely hemodynamic and morphological
SVD. Both types of SVD are assessed by echocardiography,
hemodynamic SVD is due to permanent changes in valve
function. Morphological SVD includes abnormalities in
leaflet integrity and function. A patient-focused clinical
endpoint called bioprosthetic valve failure (BVF) was added
to incorporate clinical endpoints, such as reintervention or
valve-related death. In 2018, Dvir ez al. proposed a different
definition of SVD focusing on the longitudinal deterioration
of bioprosthetic valves, this document was important as it
provided guidance on the timing of imaging during follow
up (9). It must be stated that the overall driver for SVD is
poorly understood and likely a complex process of which
leaflet calcification appears to be an integral part (10). The
Valve Academic Research Consortium (VARC) writing
group recently released their VARC-3 update (11). This
is the most up to date document regarding standardized
definitions and clinical endpoints on BVF for TAVR and
SAVR. See Figure 1 used with permission.

The prognostic impact of THV dysfunction

In the literature, SVD has been demonstrated to be
associated with worsening morbidity and mortality and,
a requirement for re-intervention. SVD can present in a
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variety of ways from subclinical changes only detected with
surveillance echocardiography to a significant deterioration
in clinical status or even, sudden cardiac death (12).
Reoperation/intervention is recommended in symptomatic
patients with a significant increase in trans prosthetic
gradient or severe regurgitation (Class I, Level of Evidence
C) and should be considered in asymptomatic patients with
significant THV dysfunction, provided they remain at low-
surgical risk (Class Ila, Level of Evidence C) (13) (Figure 2).

Imaging for BVD

The Valve Academic Research Consortium-3 (VARC-3)
consensus document suggests echocardiography as the
principal imaging modality for assessment of THV function
immediately before initial hospital discharge, at six months,
one year and annually, thereafter (11). Transcatheter valve
stenosis and regurgitation can be assessed using a number of
different imaging modalities and are associated with worse
clinical outcomes if they are present to varying degrees
(14,15). See Figure 3 for examples for SVD and non-SVD.

Multidetector computed tomography (MDCT) is
another complementary tool in the non-invasive work up of
suspected valve degeneration and pre-procedural planning.
MDCT offers excellent spatial resolution and is very
sensitive at detecting hypoattenuating leaflet thickening
(HALT), leaflet calcification, pannus as well as endocarditis
(see Figure 44-4D). MDCT may also be useful to assess the
mechanism of THV dysfunction including malposition or
under expansion. Currently, MDCT is unable to provide
hemodynamic data and is therefore, of reduced utility for
the diagnosis of SVD (16,17).

Durability of SAVR

The long-term outcomes and importance of SVD were
analysed in a contemporary cohort of all-comers undergoing
SAVR (18). In 672 consecutive patients with a mean age of
72 undergoing SAVR with a bioprosthetic implant from
2002-2004, echocardiographic and outcome data was
collected on 624 (93%) of the patients at discharge and
209 patients at ten years follow up (87% of the patients at
risk). SVD was defined as subclinical if there was an increase
>10 mmHg in mean aortic valve gradient and decreased
>0.3 cm’ in valve area and/or new-onset mild or moderate
aortic regurgitation (AR). SVD was clinically relevant if
there was an increase >20 mmHg in mean aortic gradient and
valve area decreased >0.6 cm’ and/or new-onset moderate-

Ann Cardiothorac Surg 2021;10(5):571-584 | https://dx.doi.org/10.21037/acs-2021-tviv-85



Annals of cardiothoracic surgery, Vol 10, No 5 September 2021

Type of bioprosthetic valve dysfunction?

573

i S:tr:cturatl \::Ive d;t?rlorlathn e Non-structural valve dysfunction Thrombosis subclinical: Endocarditis
.n vl;;nslc pzntnanen changes to the prosthetic valve, including: Any abnomality, not intrinsic to the prosthetic valve, (See Table 14) e e
ear and tear resulting in valve dysfunction. Imaging findings of HALT/ the following criteria:
 Leaflet disruption RLM with absent or mild (1) Fulfillment of the Duke
* Flail leaflet ¢ ¢ ¢ hemodynamic changes and endocarditis criteria
* Leaflet fibrosis and/or calcification Paravalvular Prosthesis- Other no symptoms/sequelae (2) Evidence of abscess,
« Strut fracture or deformation regurgitation patient May include: pus, or vegetation
see Table 16 mismatch leaflet Clinically significant: confirmed as secondary
i entrapment (See Table 15) to infection by histological
_ by pannus, (1) Clinical sequelae of or microbiological studies
tlis:::;’:?;:lrlitalf:; thromboembolic event or (3)%”".'39 re-o;;ergtlon
i vidence of abscess,
3 = i G worsening AS/AR and HVD 2 d
If BMI <30 kg/m' If BMI =30 kg/m siF;ing; MG || stage 2-3 or confirmatory pus, or vegetation
Sy Indexsgd EOA Sty Indsxezd EOA| | | of the aortic root imaging (HALT/RLM) confirmed on autopsy.
(om/m’) (om?/m’) after (2) In the absence of clinical
Insignificant >0.85 Insignificant >0.70 bioprostheses sequelae, both HVD stage
Moderate 0.85-0.66 Moderate 0.70-0.56 IOT aortic 3 and confirmatory imaging
valve sparin:
Severe <0.65 Severe <0.55 i p:; ar?d (RALARLY)
embolization
Hemodynamic changes?
Stage 1 Stage 2 Stage 3
Severe HVD:

Morphological valve deterioration:

Evidence of structural valve deterioration, non-structural valve
dysfunction (other than paravalvular regurgitation or prosthesis-
patient mismatch), thrombosis, or endocarditis without significant
hemodynamic changes.

Moderate hemodynamic valve deterioration (HVD):
Increase in mean transvalvular gradient =10 mmHg resulting
in mean gradient =20 mmHgt with concomitant decrease in
EOA =0.3 cm’ or >25% and/or decrease in Doppler velocity
index =0.1 or 220% compared to echocardiographic assessment
performed 1 to 3 months post-procedure,
OR

New occurrence o increase of =21 grade of intraprosthetic
AR resulting in =moderate AR.

Increase in mean transvalvular gradient =20 mmHg resulting

in mean gradient =30 mmHgt with concomitant decrease in

EOA >0.6 cm’ or 250% and/or decrease in Doppler velocity
index =0.2 or 240% compared to echocardiographic
assessment performed 1 to 3 months post-procedure,

OR

New occurrence, or increase of =2 grades, of intraprosthetic
AR resulting in severe AR.

Clinical consequences?

Figure 1 Bioprosthetic valve dysfunction and bioprosthetic valve failure.

to-severe AR. At ten years follow up, 423 (64.3%) of the
patients had died. Predictors of SVD included a certain
aortic bio-prosthesis and a large body mass index. The
incidence of clinically relevant SVD was 6.6%, and 30.1%
had subclinical SVD. Of those with clinically relevant SVD,
83% underwent aortic reintervention with nearly half (44%)
having a THV placed into the degenerated surgical valve,
also described as a ‘Valve-in-Valve’ (ViV) TAVR procedure.
This original study demonstrated a relatively high rate of
subclinical SVD, but a low rate of clinically relevant SVD.
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THV durability

Since the first TAVR valve was implanted in 2002 (19),
ongoing refinements to the procedure and complex
engineering of the THV’s has meant the TAVR procedure
has continued to evolve. A report from the PARTNER I
trial showed comparable echocardiographic parameters
for the balloon expandable SAPIEN valve (Edwards
Lifesciences, Irvine, CA, USA) and SAVR bioprosthesis
in patients who remained alive at five years (20). Of those
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Figure 2 Explanted gross and histologic bioprosthetic valve pathology. (A) New (non-implanted) 25 mm MitroFlow showing pristine

pericardial leaflets; (B) highly calcified explanted 27 mm MagnaEase (yellow arrows show calcific nodules; (C) highly calcified explanted

surgical bioprosthetic valve explant; (D) highly fibrotic valve-in-valve (26 mm SAPIEN in 27 mm Mosaic) (green arrows show fibrosis

restricting leaflets); (E) histological image showing calcification in the leaflet of a bioprosthetic valve as shown by Von Kossa staining (blue

arrow heads).

who were alive at five years, 86 TAVR and 48 SAVR
patients had their post implant echocardiogram; and five-
year echocardiographic results matched using a paired
t-test. Those that had TAVR had stable AV mean gradient
post implant at five years, 11.5+5.4 and 11.0£6.3 mmHg
(P=0.41), respectively. Long-term evaluation of the SAVR
cohort showed similar trends and there was a low rate of
adverse events in those still alive in both groups. Analysis of
five-year data is similar when looking at the self-expanding
valve CoreValve (Medtronic Inc., Minneapolis, Minnesota)
showing a low rate of BVD at 1.4% (21). Only patients
that had consecutive five-year follow-up data were included
(353 patients) from June 2007-August 2009. All outcomes
were reported as per the then current VARC (Valve
Academic Research Consortium)-1 criteria. With regard to
echocardiographic follow-up, the mean aortic valve gradient
at five years was 12.8+10.9 mmHg in the TAVR group.
Late BVD was reported in five (1.4%) cases, two (0.56%)
patients had redo TAVR for restenosis and the remaining
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three had no further intervention. Ten (2.8%) patients
had late mild stenosis with a mean transaortic gradient
>20 mmHg. No other cases of SVD or non-SVD were
observed, late valve embolization and valve thrombosis were
unfortunately not reported. Overall, it was shown the use of
the self-expanding CoreValve (Medtronic Inc., Minneapolis,
Minnesota) for severe AS in a high-risk population has
durable results out to five years in those patients who remain
alive. In the Nordic Aortic Valve Intervention (NOTION)
trial (22), all comers with severe AS and low surgical
risk were randomized 1:1 to TAVR [139] using the self-
expanding CoreValve (Medtronic, Minneapolis, Minnesota)
or SAVR [135]. Moderate/severe SVD was defined as a
mean gradient >20 mmHg, an increase in mean gradient
>10 mmHg three months post-procedure, or more than
mild intra-prosthetic valve leak either new or progressive
from three months post-procedure. Non-SVD was defined
as moderate/severe patient-prosthesis mismatch at three
months or moderate/severe paravalvular leakage. BVF was
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Figure 3 (A,B) TTE demonstrating a SAPIEN 3 in the aortic position with calcification of THV leaflets (A) with high post implant gradient
at one year (B), consistent with hemodynamic SVD. TEE demonstrating mild, moderate and severe PVL on long axis and short axis imaging
consistent with non-SVD (C-H) (yellow arrows depict location leak). TTE, transthoracic echocardiography; THYV, transcatheter heart valve;
SVD, structural valve deterioration; TEE, transoesophageal echocardiography; PVL, paravalvular leak.
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Figure 4 Computed tomography demonstrating structural and non-structural valve degeneration. (A) HALT on the aortic surface of a 23 mm

Sapien THV (white arrow). (B) Calcification of Sapien 23 mm THYV leaflets seven years post implant (white arrow). (C) Circumferential pannus

at the inflow of a Sapien XT 23 mm (white arrow). (D) Hypoattenuating tissue adherent to the ventricular surface of the THV leaflet consistent

with possible endocarditis (white arrow). THV, transcatheter heart valve; HALT, hypoattenuating leaflet thickening.

defined as valve-related death, aortic reintervention or
severe hemodynamic SVD. At six years follow-up, SVD
was higher in the SAVR group compared with TAVR (24%
vs. 4.8%; P<0.001), there were no differences in non-SVD
(58% wvs. 54%; P=0.052) or endocarditis (5.9% wvs. 5.8%;
P=0.95). BVF was similar in SAVR and TAVR at six years
(6.7% vs. 7.5%; P=0.89).

The FRANCE-2 registry (FRench Aortic National
CoreValve and Edwards) is the largest high-surgical risk
registry to date (23). This multicentre prospective registry
of 4,201 patients with severe AS felt to be at prohibitive risk
for SAVR were treated with TAVR across thirty-four sites

© Annals of Cardiothoracic Surgery. All rights reserved.

in France and Monaco from Jan 2010-Jan 2012. Follow
up consisted of regular echocardiographic surveillance
and clinical review. All-cause mortality was high at five
years at 60.8%, reflecting this high-risk population.
Echocardiographic follow-up data was available in
459 patients at the five-year follow-up. There was little
change in the aortic valve mean gradients over the five
years, with a mean change of 3 mmHg (9 to 12 mmHg) (23).
Moderate SVD occurred in 6.9% at one year and 12.4%
at four to five years of follow-up. Severe SVD (n=60)
was present in only 1.4% at one year, increasing to 2.9%
between four and five years. There was no clinically
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significant difference between THYV platforms (balloon
expandable versus self-expanding) in the rates of SVD
(P=0.756). This data does show favourable valve durability
with only 2.9% of the surviving patients at five years being
diagnosed with severe SVD. It was observed that smaller
valve sizes were associated with higher rates of SVD.
Unfortunately, no data were presented on the rates of
reintervention for BVE

Durability of TAV-in-SAV (ViV) as an alternative to
repeat SAVR

If the SAVR valve fails, the possibility of THV into the
SAVR valve (ViV) is a well-established treatment option
in selected patients (24). There is reassuring medium-
term evidence to show that ViV is safe and as reliable
as re-do SAVR, however, long-term results are not yet
available. Registry data has shown that in certain high-
risk patients ViV with a balloon expandable device for
BVF is a safe procedure with low mortality, improved valve
hemodynamics and overall patient quality of life at thirty-
day and one-year follow-up (24). Patients with symptomatic
degeneration of surgically implanted bioprosthetic valve
were prospectively enrolled in the multicentre PARTNER
(Placement of Aortic Transcatheter Valves) 2 ViV trial
and continued access registries. ViV procedures were
performed in 365 patients (96 in the initial registry and
269 in continued access patients). The mean age was 78.9+
10.2 years and the Society of Thoracic Surgeons Predicted
Risk of Mortality score (STS) was 9.1%+4.7%. Adverse
events were low at thirty-days, with all-cause mortality at
2.7%, stroke 2.7%, major vascular complication rate of
4.1%, conversion to surgery 0.6% and coronary occlusion
only 0.8%. At one-year, all-cause mortality was 12.4% and
this mortality rate was notably lower in the continued access
registry indicating a learning curve with the procedure. At
the one-year mark, only 1.9% of the ViV TAVR patients
had greater than mild paravalvular regurgitation and
the mean gradient (MG) across the aortic prosthesis was
17.6 mmHg.

Similar findings were seen with The CoreValve U.S.
Expanded Use Study in patients with BVF at prohibitive
risk for redo surgery (25). The CoreValve U.S. Expanded
Use Study enrolled 233 patients with symptomatic
BVF unfit for redo surgery. Thirty-day and one-year
outcomes were analysed, BVF was due to stenosis in 56%,
regurgitation in 22% or a combination in 22%. A total of
227 patients underwent attempted ViV which was successful
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in 225 (99.1%). Patients were elderly (76.7+10.8 years),
STS of 9%+6.7% and were highly symptomatic with >86%
having New York Heart Association functional class > III.
Moderate AR occurred in 3.5% of patients at thirty days
and 7.4% at one year. The mean aortic valve gradient was
17+8.8 mmHg at thirty days and 16.6+8.9 mmHg at one
year. Overall, as mentioned there was significantly improved
valve hemodynamics, and greatly improved quality of life
and low rates of moderate AR.

Further data from a nationwide study from France
has shown the ViV compared with redo SAVR has more
favourable results in the short term but there were no
observed differences in major cardiovascular outcomes
during long term follow up (26). From 2010-2019, registry
data was collected in France of 4,327 patients who had
ViV or redo SAVR for failed aortic bioprosthesis. After
propensity matching, 717 patients were analysed in each
arm. At thirty days, ViV had lower rates of the composite of
all-cause mortality, all cause stroke, myocardial infarction
(MI) and major or life-threatening bleeding (OR 0.62;
0.44-0.88, P=0.03). Median follow up was 516 days there
was no difference in the composite endpoint of the same
variables as well as rehospitalization for heart failure (OR
1.18; 0.99-1.41; P=0.26). If rehospitalization for heart
failure and pacemaker rates were analysed as separate
outcomes, they were more frequent in the ViV group (26).
Lastly, a recent meta-analysis comparing the outcomes
of ViV vs. redo SAVR for failed bioprosthetic aortic
valves demonstrated a similar risk of all-cause mortality,
cardiovascular mortality, MI, permanent pacemaker
implantation and > moderate paravalvular leak (OR 1.15;
95% CI: 0.93 to 1.43; P=0.21), (27).

Durability of redo-TAVR

Redo-TAVR for patients with a failing THV may become
an established treatment option in the future. Currently
there is limited long-term data in patients who have
undergone redo-TAVR. In the Redo-TAVR registry, data
was collected from thirty-seven TAVR centres to evaluate
safety and efficacy of redo-TAVR (28). The patients in
the registry were classified as either probable TAVR
failure if they presented within one year of the implant or
probable THYV failure if they presented after one year of
their index TAVR procedure. There was a large number
of TAVR implants totalling 63,876, of which 212 (0.33%)
were redo-TAVR procedures. Seventy-four implants were
within one year of the index event and the majority of 138
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implants were completed >1 year after the index TAVR.
Of the probable THYV failure group the mean time of
TAVR to redo-TAVR was five years (three to six years). If
the redo-TAVR was done within the first year (probable
TAVR failure) the main reason was due to regurgitation
(n=54, 72.9%). When the redo-TAVR was completed
after one year (probable THYV failure) the majority were
due to AS (n=51, 37%) followed by a combination of AS/
AR (n=45, 32.6%) and lastly isolated AR (n=41, 29.7%).
The implantation of the second THV was successful in
180 patients (85.1%) as per the previous VARC-2 criteria,
with high residual gradients being the most common
cause for failure. Importantly at thirty-day and one-year
follow up residual gradients were stable at 12.6+7.5 and
12.9£9.0 mmHg, respectively. In terms of risk to the
patients, the complication rate of redo-TAVR was low with
three strokes, two coronary obstructions and seven device
malpositions. Twenty new permanent pacemakers were
required. The was no mortality related to the procedure
and importantly there was a significant improvement in
patient quality of life. It is important to mention that this
is a multicentre registry and no information was given to
the number of patients declined for redo-TAVR by their
respective heart teams, i.e., this was a highly selected group
of redo-TAVR patients and caution should be taken when
interpreting the rates of complications.

This is the largest registry to date for redo-TAVR in
failing THYV valves. Survival at thirty days and at one year
was high in both groups (probable TAVR and THYV failure).
The rates of survival at thirty days were 94.6% and 98.5%
(P=0.101) and 83.6% and 88.3% (P=0.335) at one year for
patients presenting with early and late valve dysfunction,
respectively (28). It would appear from the registry data that
this is a safe and effective option for a selected cohort of

patients with both late and early TAVR dysfunction.

Bench testing—a way to explore valve durability
and feasibility

The data from Landes ez 4/. (28), provides excellent insights
into the potential for redo-TAVR in patients with failed
THYV, however, once again long-term follow up is not yet
available. In an attempt to explore this further, bench testing
has become a novel way to try and understand the durability
of THVs and some of the technical aspects involved with
redo-TAVR. An early study explored the durability of both
nominally and non-nominally deployed balloon expandable
THVs to one billion cycles (approximately twenty-five

© Annals of Cardiothoracic Surgery. All rights reserved.

Chatfield et al. Redo TAVR options for TAVR dysfunction

years) with accelerated wear testing compared with Magna
Ease surgical valves (29). The results showed very small
percentages of THVs having a significant regurgitant
fraction, demonstrating excellent THV durability to the
equivalent of twenty-five years of wear. A recently published
bench study again by Dr. Sathananthan et a/. (30), assessed
the safety and feasibility of various THV platforms, sizes
and implant locations in the setting of redo-TAVR. The
authors found that the majority of THV combinations
they studied demonstrated favourable hydrodynamic
performance. As expected, the first THV implant (design
and size) is vitally important when considering the design,
implant location, size and hemodynamic implications of the
second THV (30).

Sequence of valve intervention in younger
patients

The randomized trials of TAVR as described above initially
started with patients that were not eligible for surgery and
in-fact TAVR was a last resort. Within the last ten years the
trial data has shown that TAVR is non-inferior to surgery.
With a more patient centred approach in medicine patients
are frequently wanting TAVR rather than surgery due to its
less invasive nature and quicker recovery time. As younger
patients (<seventy-five years old) are being discussed for
aortic valve replacement, all potential options need to be
considered. Pasala et 4. (31), suggested that a ‘paradigm
shift’ in the treatment algorithm for younger patients
needing aortic valve intervention would be required in the
future with the changing landscape of transcatheter option
and indications. They propose that younger patients in
discussion with the heart team first have TAVR, the TAVR
may last ten years taking the patients though to age appx
sixty to eighty years of age at which point SAVR and then
if the SAVR fails the patient may be eligible for ViV TAVR
in their later years i.e., >eighty years of age (Figure 5). This
intervention algorithm would negate the need for long term
anticoagulation and the number of open-heart procedures
would be kept to a minimum. Some patients requiring
aortic intervention will continue to require SAVR due to
an indication for other conditions such as coronary artery
disease, root enlargement or concomitant valve disease.

An important point to note in above proposed algorithm
is some of the inherent difficulties of surgical explant of
a failed TAVR valve. A large analysis on TAVR explant
using registry data from the Society of Thoracic Surgeons
national database was reported in 2020 (32). The registry
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Severe aortic stenosis in young patients

Shared-decision making
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Figure 5 A potential treatment options of the long-term management of aortic stenosis (used with permission).

included all patients with a previous TAVR and then
underwent SAVR anytime at least one day after the TAVR
valve from 313 centres. From 2011-2018, 782 patients
with TAVR explant were identified. The median age was
seventy-four [interquartile range (IQR), 67-81]. 39% were
female and 55% had > NYHA III symptoms. The majority
(n=437, 55%) underwent a concomitant procedure at the
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time of TAVR explant, aortic repair was the most common
(n=200; 46%). The main reason of THV failure and
therefore indication for TAVR explant was due to a failed
repair/positioning/sizing issue (27%), followed next by AR
or paravalvular leak (22%), stenosis (20%), endocarditis
(18%), SVD (7%) and remained uncertain in 7%. There
was a high overall thirty-day mortality rate at 19.4%,
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isolated SAVR patients had an ST score of 13.1%. Overall,
this is the largest registry of patients who underwent TAVR
explant with subsequent SAVR. There are limitations
interpreting the number of explants relative to the actual
number of TAVR implants and the exact time from
THYV implant to explant in a large number of cases (32).
It was noted this is a very uncommon procedure and
most surgeons only performed one to three of these cases
throughout the registry time period. This may lend to
developing specialized high-volume explant centres as the
number of patients requiring this type of surgical procedure
increases.

Coronary access when considering redo-TAVR

The chances of coronary obstruction are very low in both
native TAVR at 0.5% (33), and as previously mentioned at
0.7% in the redo-TAVR study (28). However, despite being
rare, challenges with coronary access (CA) in patients after
redo-TAVR is well established and a potentially devastating
concern. Whilst complete coronary artery obstruction
has a high mortality, a less dramatic but no less important
situation is difficulty trying to get selective CA through
the second THV frame when indicated for diagnostic
or interventional purposes. Difficulties in engaging the
coronary artery may be due to the new position of the
native aortic leaflets or hindered by the prosthetic leaflets,
metallic cells or the commissural post of the THV (34). If
the outflow of the first THV is at or near the Sino tubular
junction (STJ), the second THV could ‘prop’ the first THV
leaflets up against the STJ and sequester the aortic sinus
and completely impede blood flow into the aortic sinus (35).
The largest risk factor for causing difficulties with CA is
a pre-existing bioprosthetic valve, other important issues
include anatomy of the aortic root and coronary heights
(Figure 6) (36). With experienced heart teams and pre-
procedural MDCT and therefore appropriate patient
selection, issues with CA should be a largely avoidable
complication.

Case examples of THV reintervention
Case 1

A ninety-year-old female presented with recurrent heart
failure hospitalisations and severe mixed SVD of a 23 mm
Sapien XT THYV, implanted six years prior. Pre-procedure
trans-thoracic echocardiography (T'TE) showed an elevated
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trans-aortic gradient of 49 mmHg and moderate valvular
AR (Figure 7A4,7B). Pre-procedural CT demonstrated no
HALT, mildly under-expanded Sapien XT prothesis (average
diameter =21.6 mm). A trans-femoral redo-TAVR was
performed with pre-dilatation using a 23 mm True balloon
followed by a 23 mm Sapien 3 THV. Post-deployment
aortogram demonstrated no PVL and TTE demonstrate a
trans-aortic mean gradient of 6 mmHg.

Case 2

A eighty-eight-year old female presented with NYHA class
III symptoms and severe stenotic degeneration of a 21 mm
Perimount surgical bioprosthesis implanted twelve years
prior. Heart team consensus recommended a redo-TAVR
procedure given very high estimated surgical risk (STS
20.4%). Pre-procedural CT demonstrated high risk of
sinus sequestration simulating a 23 mm THV (Figure 8§4),
therefore a 20 mm Sapien 3 was chosen. Immediately after
implantation, the patient experienced cardiac standstill and
aortogram demonstrated sinus sequestration (Figure 8B).
With urgent Extracorporeal membrane oxygenation
support a ‘chimney stent’ was implanted restoring coronary
flow (Figure 8C). She recovered well and was discharged
day four after the procedure. As one-year follow-up, she
remains active with NYHA class II symptoms, no HF
rehospitalization or bleeding events, and satisfactory THV
hemodynamic function (trans-aortic MG of 21 mmHg).
MDCT demonstrated a patent left main stem chimney
stent (Figure 8D).

Case 3

A seventy-eight-year-old female presented with acute
coronary syndrome six months after TAVR with 26 mm
Evolut R THV (Medtronic Inc., Minneapolis, Minnesota).
Pre-TAVR coronary angiogram and post-procedure THV
function were normal. Direct engagement of the left
main stem was challenging. An urgent cardiac computed-
tomography scan showed extensive pannus on the THV
frame expanding up to the level of the left main stem and
revealed the THV commissure post was in front of the left
main coronary ostia.

Case 4

An eighty-five-year-old male presented with severe
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Figure 6 Treatment of severe AS in younger/lower risk patients and considerations for coronary access with redo-TAVR (used with

permission). AS, aortic stenosis; TAVR, transcatheter aortic valve replacement.
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Figure 7 Severely elevated mean gradient across the Sapien XT THV (A). Moderate valvular regurgitation (B). THYV, transcatheter heart

valve.
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Figure 8 Pre-procedural CT demonstrating risk of sinus sequestration simulating a 23 mm THYV (A). Sinus sequestration after a 20 mm

Sapien 3 implantation causing cardiac arrest (B). Chimney stent implantation under extracorporeal membrane oxygenation support (C).

Post-procedural CT demonstrates the THV within the surgical valve and a patent chimney stent 30 days post procedure (D). THV,

transcatheter heart valve.

regurgitant degeneration of a 27 mm freestyle aortic
bioprosthesis and ascending aortic replacement fifteen years
prior. Heart team consensus recommended a ViV procedure
with a trans-apical approach given significant angulation
at the junction of the previous aortic replacement site.
Using trans-apical access with fluoroscopic and TEE
guidance, a nominal 26 mm Sapien 3 THV implanted in
the 27 mm freestyle bioprosthesis. Post-deployment TTE
demonstrated well positioned THV with a MG of 12 mmHg

at one-month.

Conclusions

Currently, the future is very exciting for the management
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of AS, as the field expands with newer THV platforms
and the trials demonstrate non-inferior outcomes for
younger, lower risk patients. A fundamental component
of all successful TAVR programs has been the adoption
of the ‘heart team’ concept which pulls together experts
and identifies suitable patients and importantly predicts
potential complications. As the use of TAVR expands
into lower risk patients the lifetime management of an
individual’s AS needs to be considered. Two key components
in the patient’s management need to be considered upfront;
the concept of THV durability and the complexities of a
redo-TAVR procedure, if required. The treatment of the
patient’s AS needs to be decided in context of their overall
life expectancy, concomitant intervention, the possibility of
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re-intervention and coronary access in the future. Current
evidence suggests favourable mid-term outcomes for redo-
TAVR. Ultimately, despite favourable reports from registry
data, larger long-term studies are required to assess the

durability and repeatability of redo-TAVR.
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