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a b s t r a c t

Transcatheter aortic valve implantation (TAVI) led to the foundation of the subspecialty of structural
heart interventions and created an emerging area of clinical and technical issues. Soon after TAVI
introduction into clinical practice, boundaries were expanded with utilization of valve-in-valve (V-i-V)
techniques. V-i-V comprised a diverse subset of patients including TAVI within TAVI, TAVI within a
degenerated surgically implanted bioprosthesis, or even TAVI-in-TAVI-in-surgical bioprosthesis. In the
present review, we summarize the available literature and present initial experience on the field in
Greece.
© 2019 Hellenic Society of Cardiology. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. TEXT

In the past decade, the first steps of Transcatheter Aortic Valve
Implantation (TAVI) in clinical practice spread enthusiasm in the
cardiological community. Today, it is commonly accepted that TAVI
led to the foundation of the subspecialty of structural heart in-
terventions. Indeed, through this fascinating journey, a series of
clinical and technical issues regarding TAVI emerged.1e4

Various technical issues and complications urged pioneer
“structuralists” to discover solutions.5 For example, the lack of truly
repositionable and/or retractable devices was early recognized and
initially tackled with either utilization of off-label bailout maneu-
vers6e8 or implantation of a second valve within the first (Valve-in-
Valve; V-i-V). As expected, biomedical engineers soon provided the
community with bioprosthetic devices for transcatheter implan-
tation with upgraded capabilities.

However, the early V-i-V experience (literally TAVI-in-TAVI) had
already extended the field of potential indications. In early 2007, a
atis).
ty of Cardiology.

lishing services by Elsevier B.V. Thi
TAVI procedure for the treatment of a failing surgically implanted
aortic bioprosthesis was reported by Wenaweser, P. et al.9 Inter-
estingly, the same year, Ruiz C. et al announced proper bio-
prosthesis functionality after a three-year follow-up of a patient
treated (in a bailout basis) with TAVI-in-TAVI in 2005.10 Remark-
ably, according to the authors, at that time, this patient was the one
with the longest available follow-up after implantation of a self-
expandable aortic bioprosthesis (CoreValve).

Today, the advent of V-i-V procedures in clinical practice is more
than evident. Temporal trends indicate an increase in V-i-V utili-
zation,11 while the available data show that such procedures may
become the best option in the future. Technical concerns are yet to
be confronted and a significant responsibility lies over cardiac
teams that shalldin an individualized basisdmatch the proper
patient with the proper treatment.

It is important to understand that there is no typical candidate for
a V-i-V procedure. This population is highly heterogenic as each
patient has a different type of surgically implanted bioprosthesis
(size; stented vs. stentless; individual device characteristics), specific
patient-device characteristics (i.e., patient prosthesismismatch), and
a different mode of device failure (stenosis; regurgitation; mixed).
Indeed, V-i-V as ameans of TAVI-in-TAVI hasmostly been reported in
the acute setting as a rescue procedure for improper function of the
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initially implanted bioprosthesis. In the future, it is expected that
bioprosthesis implanted with TAVI will probably present with
characteristics of degeneration that require V-i-V.
2. Reintervention after SAVR: Initial TAVI-in-SAVR data

To date, the largest study to evaluate outcomes of V-i-V pro-
cedures is the “Valve-in-Valve International Data Registry” study.12

Dvir D. et al in a semi-prospective manner followed 459 patients
(age 78 years; 59% males; median Logistic EuroSCORE 29%) who
underwent V-i-V with a SAPIEN (54%; balloon expandable;
Edwards Lifesciences) or a CoreValve (46%; self-expandable; Med-
tronic) device. V-i-V procedure was required due to a failing bio-
prosthesis implanted surgically (surgical aortic valve replacement;
S-AVR) that presented as stenotic (39%), regurgitant (30%), or
mixed. Overall 1-year survival was ~83% (i.e., ~17% all-cause mor-
tality). Independent 1-year mortality predictors were as follows: a)
baseline stenotic surgical implant (HR 3.07), b) transapical V-i-V
access (HR 2.25), c) small surgically implanted valve (i.e., label
�21 mm; HR 2.04), and d) STS score (per 1% increment; HR, 1.01).
Survival was comparable between the two utilized devices (SA-
PIEN; CoreValve).

In a meta-analysis by Chen H-L and Liu K,13 published in 2016,
861 patients from 17 studies were analyzed. Except for the inter-
national V-i-V registry (459 patients), the rest of the studies
included �50 patients. Findings in most of the included studies
were in line with the aforementioned results. Thirty-day mortality
was relatively consistent among the reported results. Awider range
was observed in one-year mortality.

In the same direction, in May 2017, the results of the PARTNER II
registry were published.14 In this prospective, multicenter registry,
a total of 365 patients were treatedwith transcatheter implantation
of a balloon expandable bioprosthesis for a failing surgically
implanted aortic bioprosthesis. Additionally, this was the first study
in which echocardiographic follow-up was assessed at a core lab-
oratory. Thirty-day all-cause mortality was ~3% vs. an STS score
predicted mortality of ~9%. While one-year all-cause mortality was
~12% (vs.17% in the international V-i-V registry12). At 1-year follow-
up decrease in aortic valve mean gradient and effective orifice area
were durable. Patient prosthesis mismatch criteria were fulfilled in
more than half of the patients at 1-year, but no correlation with
mortality was observed in this study. Moreover, patient functional
status and self-assessed quality of life was significantly improved at
1-year follow up. It is interesting that a higher mortality was
observed in the first ~100 patients who were included in the study
(30 days: 8% vs. 0.7%, p < 0.0001; 1 year: 20% vs. 10%; p¼0.006). The
authors attributed it to the existence of a learning curve. Still, these
patients were also reported to be frailer and have higher logistic
EuroSCORE levels.
Table 1
Metanalyses of studies comparing V-i-V and re-SAVR after SAVR

Year, First Author Studies Included, n Patients, n

2018, Tam D.Y. et al16 6
21e26

498

2018, Gozdek M. et al17 5
21,22,24e26

342

2018, Nalluri N. et al18 6
21e26

594

2018, Takagi H. et al19 6
21e26

498

2018, Neupane S. at al.20 4
21,22,25,26

489

BE: Balloon- Expandable (vs. Self-Expandable), RS: Redo Surgery.
More recently, the results of the Swiss-TAVI Registry were also
published.15 Ferrari E. et al studied 1-month and 1-year outcomes
of patients undergoing V-i-V TAVI procedures for failing surgically
implanted bioprostheses.15 These registry data from 15 centers in
Switzerland included 157 V-i-V cases (age 78 years; logistic Euro-
SCORE 28%; 106 patients due to bioprosthesis stenosis and 51 pa-
tients due to bioprosthesis regurgitation) vs. 4599 patients
undergoing native TAVI. Аll-cause and cardiovascular mortality at
1-month was ~2%, and at 1-year follow up was ~7%.15

3. Reintervention after S-AVR: Comparison of V-i-V versus
Redo S-AVR

In 2018, five meta-analyses comparing transcatheter aortic
valve-in-valve implantation to conventional redo-aortic valve
replacement for the treatment of a failed bioprosthesis were pub-
lished.16e20 All five meta-analyses incorporated data from retro-
spective studies.21e26 Safety and efficacy at the follow-up ranging
from 6 to 36 months were reported. Key findings of the afore-
mentioned studies are presented in Tables 1 and 2.

In the enrolled studies21e26 all recruited patients demonstrated
comparable baseline characteristics (sex, diabetes mellitus, coro-
nary artery disease, baseline NYHA class � III and baseline ejection
fraction). In the V-i-V group, however patients were older (from
2.816 years to 5 years17) with a higher CAD, CABG, and CKD prev-
alence. Furthermore, they had higher predicted surgical risk (23%
higher predicted mortality risk-16). Additionally, it should be noted
that more patients with smaller valve profiles (�21 mm) were
included in the redo-SAVR groups.16

Available meta-analyses provide consistent data (as more or less
expected since they -at large - analyzed the same raw studies).
Mortality (in-hospital; 30-day; 1-year) is the outcome of interest
for all the meta-analyses and was shown to be comparable in the
two groups despite the higher baseline operative risk of V-i-V
patients.16e20

Comparing the 30-day mortality of V-i-V patients presented in
the meta-analyses16e20 to this reported by the Valve-in Valve In-
ternational Data (VIVID) Registry,12 arise similarities, with a non-
significant tendency for higher 30-day mortality in VIVID Registry
(7,6 vs 4,4%, p > 0.0516). This may be attributed to the higher
mortality risk of the enrolled patients. With regard to long-term
survival, only Gozdek M. et al reported better survival rate for re-
SAVR patients at 18months (H.R.1.91, 95% C.I. 1.03-3.57: p¼0.03917).

Data regarding other clinical outcomes are available in 4 of 5
metanalyses,16e20 because Takagi H. et al focused mainly on mor-
tality and on baseline group characteristics, providing only a
summary-statistics from the individual studies.19 Stroke, MI, and
AKI without the need of dialysis were similar between V-i-V and re-
SAVR patients, whereas V-i-V TAVI was associated with a signifi-
cantly lower rate of permanent pacemaker implantation according
RS, % V-i-V, % V-i-V
Type

Follow up, months

49 51 54% BE 6-36

49 51 60% BE 12-36

57 43 54% BE � 12

49 51 54% BE 6-36

54 46 51% BE � 12



Table 2
Basic outcomes of metanalyses comparing V-i-V and re-SAVR after SAVR

Tam D.Y. et al16 Gozdek M. et al17 Nalluri N. et al18 Takagi H. et al19 Neupane S.
et al20

V-i-V,
%

RS,
%

V-i-V,
%

RS,
%

V-i-V,
%

RS,
%

V-i-V,
%

RS,
%

V-i-V,
%

RS,
%

Procedural mortality 4 6 2 4 2 4 ** ** ** **
30-day mortality 4 6 5 4 5 5 ** ** 5 4
1 year mortality ** ** * * 14 10 ** ** n/r n/r
MI 2 <1 3 1 2 <1 n/r n/r 2 1
Stroke 2 3 2 4 1 2 n/r n/r 2 2
New pacemaker 8* 15* 7* 19* 9* 16* n/r n/r 9* 15*
Atrial fibrillation 16* 44* n/r n/r n/r n/r n/r n/r n/r n/r
Vascular Compl. 7 2 12* 3* 12* 2* n/r n/r n/r n/r
Major bleeding 12 27 10* 28* 12 27 n/r n/r n/r n/r
Dialysis 3* 10* ** ** n/r n/r n/r n/r 7 10
AKI 8 12 8 12 7 12 n/r n/r n/r n/r
PVL 21* 6* 21* 6* 20 5 n/r n/r n/r n/r
Severe PPM 14* 3* 16* 4* n/r n/r n/r n/r n/r n/r
Post procedural aortic valve gradients ** ** 28* 5* 29 8 n/r n/r n/r n/r
ICU stay, days Dþ2* Dþ3* n/r n/r n/r n/r n/r n/r
Hospital stay, days Dþ5* Dþ4* n/r n/r n/r n/r n/r n/r
Hospital readmission n/r n/r ** ** 17 11 n/r n/r n/r n/r

AKI: Acute Kidney Injury, ICU: Intensive Care Unit, PVL: Paravalvular Regurgitation, MI: Myocardial Infarction, n/r: Not Reported, PPM: Patient Prosthesis Mismatch.
D: RS e V-i-V.
*statistically significant difference between the two groups.
**comparable findings between the two groups.
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to the aforementioned metanalyses. In addition, more vascular
complications and fewer bleeding events were recorded for V-i-V
patients by Nalluri N. et al and Gozdek M. et al.17,18

Regarding valve hemodynamics and total hospitalization,
comparable data are provided only by 3 out of 5 meta-analy-
ses.16e18 Yam et al found a higher incidence of severe patient-
prosthesis mismatch and greater paravalvular leak was reported
in V-i-V patients, without significant changes in postoperative
aortic valve gradients.16 Nalluri et al agreed with Tam D.Y. et al
regarding postoperative aortic valve gradient, without, however,
recording any significant difference in PVL.18 According to Tam D.Y.
et al, these worse hemodynamic parameters were not translated
into a mortality benefit for the redo-SAVR group. This could
potentially be explained by the fact that re-SAVR patients suffered
more frequently from atrial fibrillation, permanent pacemaker
implantation, and new onset of dialysis (shown after the inclusion
of the propensity score match study). Additionally, the effects of
patient-prosthesis mismatch on short- and long-term survival
remained controversial with conflicting studies in the surgical
literature.16

In contrast, Gozdek M. et al reported an increase in post-
operative prosthesis gradients in the V-i-V group after the exclu-
sion of the study by Grutzbich H. et al.17 In this study, only patients
with surgically implanted degenerated stentless bioprostheses
were enrolled, leading to lower postoperative prostheses’ gradients
after V-i-V TAVI.21 After excluding this patient subset, the risk of
higher postoperative AV gradient (>20 mmHg) was nearly 10-fold
greater in the V-i-V TAVI patients (R.R. 9.74, 95% C.I. 3.62-26.19;
p < 0.001). However, there is currently no evidence supporting that
lower postprocedural gradients are associated with improved
clinical outcomes.18

Finally, both intensive care unit and total hospitalization were
significantly lower for the V-i-V group according to the aforemen-
tioned metanalyses,16,17 whereas hospital readmissions remained
comparable between the two groups.17,18

The small sample size, the large heterogeneity especially of V-i-
V group, and the lack of randomization characterize all the above
metanalyses. Therefore, the risk of bias and underpowering the
true clinical effects of the measured outcomes are increased. Yet,
there is convergence that the V-i-V approach can serve as a safe
and feasible alternative to re-SAVR technique, offering an effective
and less invasive treatment for high surgical risk patients with
failed aortic valve bioprosthesis. Re-SAVR should remain the
standard of care, particularly in low-risk population as it offers
superior hemodynamic outcomes with similar mortality rates. One
should be aware that frequently these patient subsets feature
specific anatomical and clinical characteristics that do not fit in the
common rules and need to be evaluated by cardiac teams on a one-
by-one basis.16,17

4. Reintervention after TAVI: TAVI-in-TAVI

As already mentioned, the first published case of TAVI-in-TAVI is
attributed to Ruiz C. et al.10 Since then, a series of cases have been
reported. Indeed, issues regarding proper terminology occurred
with “valve-in-valve”, “Russian doll concept” and “TAV(I)-in-TAV(I)”
alternatively appearing in the literature.5

Data from the two major available randomized controlled trials
will be summarized here. In the PARTNER (“Placement of AoRTic
TraNscathetER Valve Trial
Edwards SAPIEN Transcatheter Heart Valve”) trial multiple valve
implantation was required in 1-2% (Cohort B: 1.1% - 2 of 179 pa-
tients27; Cohort A: 2% - 7 out of 348 patients28). In the CoreValve
U.S. Pivotal Trial multiple valves were implanted in 3.5 - 4.5%
(Extreme Risk Cohort: 3.5% - 17 out of 486 patients29; High Risk
Cohort: 4.1% - 16 out of 389 patients - data provided in study's
supplementary appendix30).

In a comprehensive review, Witkowsky A. et al,31 summarized
the available published cases up to May 2013. According to them, a
total of 149 cases (39 with CoreValve; 110 with SAPIEN) had been
reported at that time. TAVI-in-TAVI has mostly been used as a
means of acute management of suboptimal function of the bio-
prosthesis during a TAVI procedure. Aortic regurgitation (of para-
valvular or transvalvular etiology) was the main reason for
implantation of a second bioprosthesis within the first.

In the same year, Makkar R.R. et al32 analyzed a large dataset of
patients who underwent TAVI with a SAPIEN bioprosthesis
comprising patients from the PARTNER trial and patients from
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accompanying non-randomized registries. In a total of 2,554
consecutive patients, TAVI-in-TAVI was required for ~2.5% of the
population. In most cases, TAVI-in-TAVI was required intra-
procedurally (89%), while the rest were required up to 4 months
post procedurally (1 patient at 2 months; 1 patient at 4 months; the
rest earlier). Regarding etiology, almost 50% of the cases were
attributed to technical factors, 15% to anatomical factors, 8% to the
need for cardiopulmonary resuscitation, while no cause was iden-
tified in 27%. Aortic regurgitationwas practically the only indication
for TAVI-in-TAVI accounting for 97% of the cases (the only other
indication was “unstable prosthesis positioning”). Interestingly,
50% of these referred to trans-valvular, 36% para-valvular and 13%
mixed aortic regurgitation. The authors attributed this high inci-
dence of post-TAVI trans-valvular insufficiency to technical char-
acteristics of the (older) SAPIEN bioprosthesis model that was used
at that time and that was tackled in the subsequent models.

The authors did not observe any relationship between TAVI-in-
TAVI utilization and operators' learning curve; indeed, they
comment that an experienced operator might be more confident in
utilizing such techniques, if deemed so.32 Finally, TAVI-in-TAVI was
related to higher cardiovascular mortality despite no difference in
intermediate term valve functioning. However, these early results,
which are largely derived from, rescue TAVI-in-TAVI procedures
shall not be extrapolated to future patient populations. One should
note that the pathophysiological substrate will be different in
future indications. It may refer to elective TAVI-in-TAVI for degen-
erated bioprostheses’, which will have completed their life cycle.

Currently, published case reports literally depict the great vari-
ation in clinical scenarios that structuralists will be required to
confront. For example, Kaneko H. et al conducted TAVI-in-TAVI as
the first valve was implanted for off-label treatment of native aortic
regurgitation.33 Further, Eftychiou C. et al have recently described a
TAVI-in-TAVI procedure for device failure (~8 years post initial
implantation) with both procedures conducted under a transapical
approach.34 Additionally, TAVI-in-TAVI-in-SAVR either in the acute
setting35,36 or in an elective basis (new TAVI procedure up to 4 years
after TAVI-in-SAVR)37,38 has also been reported.

5. Technical Issues

Major considerations regarding V-i-V approaches involve the
following three issues: bioprosthesis malpositioning and defor-
mation, critical coronary flow obstruction, and residual elevated
transvalvular gradients.39

In a computational study by Martin C. and Sun W.,40 regarding
issues for bioprosthesis’ (transcatheter) within bioprosthesis (sur-
gical) deformation, they suggest that leaflet configuration and
function are affected by valve underexpansion and consequently
the expected device durability may decline. The authors also
illustrate the need for bioprostheses primarily designed for V-i-V
utilization, so that deformation concerns are addressed. Until then,
screening in view of valve profile selection and plan for positioning
meticulous pre-procedural should be meticulously conducted. The
effects of a balloon valvuloplasty on the degenerated bioprosthesis
prior to TAVI have not been studied. However, such an approach is
considered high risk for creating acute aortic insufficiency of the
bioprosthetic valve or creating systemic emboli.41 Undeniably,
newer TAVI systems with smaller crossing profiles and reposi-
tioning capabilities may minimize the potential negative effects of
such procedures. Further, available data on performance post V-i-V
show that - whilst potentially less favorable than those after native
TAVI or after redo-SAVR e hemodynamics are acceptable and do
not imply any mortality differences.15e18,42,43
With regard to coronary artery ostia protection during V-i-V
procedures, except for meticulous choice of the TAVI system, that it
best fits the given patient anatomy, different strategies have been
reported. The technical characteristics and the anatomical di-
mensions (inner diameter, height of leaflets, etc.) of the pre-
existing prosthesis are of paramount importance in order to
select the appropriate TAVI valve and safely perform the procedure.
The best preventive strategy, according to our opinion, seems to be
the insertion, but not deployed unless required, of a stent into the
coronary artery at risk. This can be easily deployed for abrupt ostial
obstruction.44

With regard to patient prosthesis mismatch (too small effective
orifice area in relation to patient body size45), V-i-V in such cases
may almost be considered as futile (or even harmful). The resulted
gradient after V-i-V cannot be less than the initially obtained after
surgery. However, special procedural maneuvers (e.g., small
transcatheter heart valve selection and/or supra-valvular implan-
tation; note a high dislodgment risk) may lead to acceptable re-
sults.39,46 The heart valve team shall make final decision bearing in
mind that a surgical redo -if feasible-would potentially be the most
appropriate approach. Last but not least, one should remember that
high but stable gradients of a surgically replaced aortic valve may
indicate prosthesis with patient prosthesis mismatch and not bio-
prosthesis degeneration (i.e., this residual gradient may be present
from the first post-surgical day).47

Another patient group that needs to carefully be identified is
those who present with aortic regurgitation attributed to a signif-
icant paravalvular leak. In the multinational V-i-V registry signifi-
cantly more residual paravalvular leaks were observed in such
patients.12 A potential explanation for this is an erroneous choice of
treatment.12 Thorough pre-procedural screening, guided by multi-
modal imaging, including multislice CT and trans-esophageal
echocardiography plays a pivotal role.48 Indeed, transcatheter
paravalvular leak closure with special devices is feasible, yet tech-
nically demanding, for prosthesis implanted through a surgical or a
transcatheter procedure.49e51

Special care should also be taken for cases of a co-existing mitral
prosthesis. This special population had been excluded from the
major randomized controlled trials; therefore, such data are sparse.
In a literature review by our team, published in 2014, a total of 27
TAVI procedures in such a case have been reported at that time.52

Indeed, 2 of these cases were V-i-V cases (i.e., TAVI in SAVR in a
patient with co-existent mitral prosthesis). The rule of V-i-V here
remains the samedindividualization and comprehensive pre-
procedural screening and planning in order to avoid interference
of the lower part of the inserted aortic valve with the pre-existing
mitral prosthesis.

Moreover, optimal antiplatelet and/or anticoagulation treat-
ment in TAVI patients has been a point of discussion.53e55 Conse-
quently, such a unique -and heterogeneous-patient population like
V-i-V patients would intensify the debate. Indeed, relative blood
stasis within the final complex multiple bioprosthetic structure
could be anticipated46; therefore, the need for anticoagulation
could probably be reasonable. Further, in an MRI study by Eitan A.
et al, it has been shown that subclinical asymptomatic micro-
embolisms that has been observed in native TAVI procedures are
also present in V-i-V procedures, but with a lower incidence.56

Indeed, in view of the recent (2017), ACC/AHA focused update in
the guidelines for the management of patients with valvular heart
disease, which suggests anticoagulation in the first post (single)
TAVI trimester (Class: IIb; LoE: NR57), the answer for V-i-V patients
could bemore straightforward. The duration of treatment would be
another Gordian knot.
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6. Future considerations

Greason KL in a recent editorial commentary underlines that V-
i-V therapeutics were officially approved by Food and Drug
Administration (FDA) prior to adequate documentation from
in vitro and/or in vivo trials, demonstrating a clear paucity of
translational research in the field.58 This issue has been discussed in
a Food and Drug Administration viewpoint article for medical de-
vice clinical trials, published in the New England Journal of Medi-
cine.59 Interestingly, transcatheter valve therapeutics are presented
as a landmark example of rapid expansion of official indications
based on real-word data, prior to the results of formal trials.59

It is remarkable that the case of V-i-V evolution delineates a field
where clinical needs (and in some instances, even patient prefer-
ence) not only push the limits of the available technology but
actively interact with the future. As presented in the current review
article, there is much that is currently redefined in a real-life lesson
fashion, while there is also need for long-term follow up of V-i-V
patients. Even though, a clear trend for surgical implantation of
biological (vs. mechanical) valves in younger ages (in whom aging
valve deterioration should be considered) is preferred.60 This in-
dicates a sound claim - and a certainty - that bioengineering may
and will provide the community with the needed solutions. As
Albert Einstein would note “I never think of the future - it comes
soon enough”.
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