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Background: Surgical reoperation is still a standard procedure performed for degenerated aortic bioprostheses.
On the other hand femoral minimally invasive valve-in-valve implantation (femTAVI-VIV) is an intriguing alter-
native. This clinical study was design to compare the early and late outcomes of redo-surgery (Redo-AVR) and
femTAVI-VIV procedures for failed aortic bioprostheses.
Methods:We retrospectively reviewed 108 patients with degenerated aortic bioprostheses qualified for isolated
Redo-AVR (n= 40) or femTAVI-VIV (n= 68) between 2003 and 2018. Both cohorts were divided into interme-
diate and high-risk groups according to the EuroSCORE II (4–9% and N9%). Propensity scorematching selected 20
pairs in Intermediate-risk group and 10 pairs in High-risk group for the final comparison.
Results: Patients qualified for femTAVI-VIV were older (79.2 vs 72.9 years, p b 0.001) and at higher risk
(EuroSCORE II 10.9 vs 7.8%, p = 0.005) than Redo-AVR subjects. Overall survival in femTAVI-VIV and Redo-
AVR was comparable at 30-days, 1- and 5-years, respectively (92.6% vs 92.5%, 85.2% vs 85.0% and 62.9% vs
72.5%, p = 0.287). After PSM no differences in mortality, myocardial infarction, pacemaker implantation, stroke
or acute renal insufficiencywere found. Transcatheter procedurewas associatedwith shorter hospital stay, lower
rate of blood products transfusions and higher incidence of mild paravalvular leaks.
Conclusion: Our study supports the opinion that transcatheter approach for treatment of patients with
degenerated aortic bioprostheses is a safe alternative to Redo-AVR procedures particularly for those at high-risk.

© 2020 Elsevier B.V. All rights reserved.
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1. Introduction

The first transcatheter aortic valve implantation was performed in
Rouen on April 16th, 2002 by Alan Cribier [1]. Seventeen years later
TAVI seems to be a routine procedure for inoperable, high-risk or even
intermediate-risk patients in most symptomatic aortic valve diseases
[2,3]. Greater experience with TAVI has resulted in an extension of its in-
dications. Also, the use of biological valves in aortic position in younger
patients has led to a growing number of degenerated prostheses, requir-
ing aortic valve re-interventions [4]. Surgical open-heart redo aortic valve
replacement (Redo-AVR) has been the standard procedure for many
years, although transfemoral transcatheter valve-in-valve (femTAVI-
Department of Cardiac Surgery,

ankowski).
VIV) implantation as a less invasive alternative seems to be a newmethod
of choice for at least high risk patients [5,6]. Up to nowmany reports com-
paring Redo-AVR to TAVI-VIV have been published but all of them ana-
lyzed only early outcomes (usually one year) [5–7]. Unfortunately, there
is a shortage of studies dealing with long-term outcomes.

The aim of this retrospective study was not only to compare early
mortality and morbidity of patients undergoing Redo-AVR and
femTAVI-VIV for failed aortic bioprostheses but also to estimate late
probability of late survival following these interventions.

2. Methods

2.1. Patients

Between March 2003 and April 2018, a total of 108 consecutive pa-
tients with failed aortic bioprostheses were qualified for the femTAVI-
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VIV implantation (n = 68;63%) or surgical isolated Redo-AVR (n =
40;37%) in the Department of Cardiac Surgery, Sana Heart-Center Cott-
bus, Germany. Individuals with acute endocarditis, requiring concomi-
tant cardiac procedures, having an approach other than femoral for
TAVI-VIV, with previously implanted mechanical or transcatheter
valves were excluded (Fig. 1). Institutional review board waived an in-
dividual patient's consent due to the retrospective nature of the study.
The Heart Team, consisting of a cardiac surgeon, a cardiologist, and an
anesthesiologist, always carefully discussed the treatment strategy.
Complete follow-up was performed mainly by family physicians with
a few interviews conducted by phone, with a mean period of 5.6 years
(12 months–16 years). Clinical study end-points were defined using
The Valve Academic Research Consortium-2 (VARC-2) [8].

2.2. Re-intervention

After careful qualification by “Heart Team” standard preoperative
preparation, surgical reoperation was performed under general anes-
thesia throughmedian re-sternotomyusing an oscillating saw. Standard
intrathoracic or femoral cannulation was used as an approach for
Fig. 1. Defining the s
cardio-pulmonary bypass (CPB) employment. The myocardium was
protected by antegrade warm blood-cardioplegia or cold crystalloid-
cardioplegia, injected into the aortic root or directly into the native cor-
onary and graft ostia. The new valve size was chosen by the surgeon on
the base of intraoperative inspection and measurements as well as di-
ameter of the previously implanted bioprosthesis (Appendix Table 1).

As for transfemoral approach for TAVI-VIV, themost common access
was through the right femoral artery (n = 66;97.1%). Conscious seda-
tion with local anesthesia was possible in 60 patients (88.2%). In all
cases, the balloon-expandable Medtronic (Medtronic, Minneapolis,
MN) valves were used. The size of the valves was chosen after an anal-
ysis of the multi-slice computed tomographywith dedicated OsiriX im-
aging software (Pixmeo, Geneva, Switzerland). Pre-balloon dilationwas
routinely performed in all patients and three patients required post-
dilatation due to the high residual gradient. Thirty four initial proce-
dures were performed with the Medtronic CoreValve, then with the
CoreValve Evolut R valves. Fourteen out of thirty-four patients with
CoreValve Evolut-R underwent repositioning of the prosthesis to opti-
mize the position and in 4 patients, the repositioning was performed
≥2 times.
tudy population.
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2.3. Statistical analysis

Continuous variableswere expressed asmeans± SD, while categor-
ical variables as number and percentages. For continuous data Student's
t-test orMann–Whitney'sU testwere used for between groups compar-
isons, while categorical variables were compared with Pearson-χ2 test.
To reduce the risk of selection due to the observational character of the
study, a propensity score (PS) matching was used between the groups
of patients with intermediate-risk and high-risk based on EuroSCORE
II(ESII), separately. In the intermediate risk patients, propensity scores
were generated from a logistic regression model based on age and
ESII, whereas in the high risk group, PS were generated from a logistic
regressionmodel based on age. Patients were thenmatched in 1:1 fash-
ion using caliper matching method without replacement with a caliper
width of 0.2 standard deviation of the logit of the PS (Fig. 1) [9,10]. The
balance of the covariateswas tested using standardizedmean difference
(SMD). Statistical guidelines suggest a meaningful covariate balance of
the variables used to generate the PS between the two groups to be be-
tween −0.1 b SMD b 0.1 [9]. Unadjusted and PS adjusted populations
were estimated using the Kaplan-Meier method and were expressed
as percentage. Log-rank test was used to compare the data. Statistical
significancewas defined as p-value ofb0.05.Statistical analysiswas com-
puted with STATISTICA ver.13 for Windows software (TIBCO StatSoft,
Inc., Tulsa, OK, USA).

3. Results

3.1. Baseline characteristics

All demographics and preoperative clinical data are presented in
Table 1. Overall, patients qualified for femTAVI-VIV were significantly
older and presented a higher operative risk. They were also burdened
with more comorbidities such as coronary artery disease and presented
worse kidney function, left ventricular ejection fraction and more often
mitral or tricuspid valve regurgitation. Patients referred for femTAVI-
VIV presented more often leading stenosis as the mean cause of re-
intervention. Severe prosthesis-patient mismatch(PPM) (ie., iEOA
≤0.65cm2/m2) after primary surgical aortic valve interventions was ob-
served in seven patients in the femTAVI-VIV group and in three patients
qualified for Redo-AVR. All patients with severe PPM had a valve with a
diameter ≤ 21mm.

Patientswere subsequently divided according to their ESII (Interme-
diate-risk 4–9% and High-risk N9%) and type of surgery. PSmatching se-
lected 20 matched pairs in intermediate-risk-group and 10 pairs in
high-risk group for final comparison. All demographics and preopera-
tive clinical data of the matched subgroups are similar except the
mean and peak transaortic gradients in intermediate-risk group.

3.2. Intraoperative data

One patient died during the femTAVI-VIV procedure due to acute
tamponade caused by the perforation of the left ventricle by the
guidewire and despite of the emergency conversion to full median re-
sternotomy. Mean skin-to-skin time was significantly shorter (N3-
fold) in the femTAVI-VIV group before and after matching. Transcathe-
ter interventions required a mean fluoroscopy time of 13.8 ± 7.5 min
and an average contrast load of 213.1 ± 83.8 mL. Over three quarters
of TAVIs were performed with an implantation level below 4 mm
below the neoannulus.

All patients survived the Redo-AVR. The mean CPB-time during
Redo-AVR was 114.1 ± 47.9 min and aortic cross-clamping time
76.1 ± 27.9 min. The types and sizes of the new valves are listed in
Appendix Table 1. Surgical re-exploration due to excessive postopera-
tive bleedingwasnecessary in three patients (7.5%). One patient needed
vacuum-assisted closure (VAC) therapy to treat the deep sternal wound
infection.
3.3. Overall femTAVI-VIV vs Redo-AVR

Five patients in transcatheter group and three patients in reoper-
ation group died during the first 30- days after the procedure
(Appendix Table 2). Mean length of intensive care unit (ICU) stay
and in-hospital stay were significantly longer after the Redo-AVR, re-
spectively. No significant differences were found between femTAVI-
VIV and Redo-AVR in post-procedural new dialysis rate, incidence of
multiple organ dysfunction syndrome (MODS), myocardial infarc-
tion, stroke or pacemaker implantation (Table 2). Patients treated
with transcatheter method compared with Redo-AVR, showed a
lower rate of new onset post procedural atrial fibrillation (5.7% vs
29.2%, p = 0.014). Femoral artery stent-graft implantation was re-
quired in four patients due to access-related vascular injury and
was the complications associated only with femoral transcatheter
approach. Moreover, the average amount of red blood cells (RBCs),
fresh frozen plasma(FFPs) and platelets(PLTs) were greater in the
redo-AVR group.

3.4. Intermediate risk group

No significant differences were found between groups before and
after matching in: 30-day mortality, ICU-stay, stroke, post-
procedural new dialysis rate, MODS, myocardial infarction and pace-
maker implantation. Hospital-stay was significant shorter in trans-
catheter groups. Patients after Redo-AVR presented greater rate of
new onset post procedural atrial fibrillation in the both unmatched
and matched cohorts. Before matching the average amount of
RBCs, FFPs and PLTs were greater after Redo-AVR, however after
PSM only the overall transfusion rate was significant different
(Table 2).

3.5. High risk group

High-risk patients who underwent femTAVI-VIV versus Redo-
AVR did not show significant differences in 30-day mortality, stroke,
post-procedural new dialysis rate, MODS, myocardial infarction, rate
of new onset post procedural atrial fibrillation and pacemaker im-
plantation, in both the unmatched and matched cohorts. Shorter
ICU and hospital-stay were observed in unmatched patients after
femTAVI-VIV. After matching, patients who underwent femTAVI-
VIV versus redo-AVR did not show significant differences in mean
length of intensive care unit, however in the Redo-AVR cohort pa-
tients required longer hospital stay. Furthermore, in the transcathe-
ter group, we detected a decreased need of transfusion rate in
transcatheter patients.

3.6. Post-procedural hemodynamic results

We observed a significant reduction of transvalvularmean and peak
gradients following both procedures and gradients were also compara-
ble postoperatively after femTAVI-VIV andRedo-AVR in unmatchedund
matched patients. Regardless of the procedure type, around 30% of pa-
tients had a postoperative transvalvular mean gradient over
20 mmHg. Four out of ten patients with severe PPM after the primary
surgery presented a high postoperative transvalvular gradient
N20 mmHg, three of them underwent femTAVI-VIV and one patient
got a new valve through re-sternotomy. All these patients survived
the follow-up period.

The implantation level proved to have no effect on the transvalvular
gradient (b4 mm vs 4–8 mm: 16.3 ± 8.4 vs 18.9 ± 9.3 mmHg, p =
0.560). Patients after femTAVI-VIV experienced paravalvular leakage
(PVL) more commonly than patients after Redo-AVR in intermediate-
to high-risk profile groups. Higher incidence of PVL after TAVI-VIV was
also observed in both matched groups (Table 2). However, almost all
these patients showed mild regurgitation, without clinical relevance



Table 1
Patient demographic characteristics and preoperative echocardiographic findings.

Clinical characteristicsa Overall Intermediate risk High risk

TAVI-VIV
(n = 68)

Redo-AVR
(n = 40)

p-value⁎ Before PSM After PSM Before PSM After PSM

TAVI-VIV
(n = 31)

Redo-AVR
(n = 29)

p-value TAVI-VIV
(n = 20)

Redo-AVR
(n = 20)

p-value SMD TAVI-VIV
(n = 37)

redo-AVR
(n = 11)

p-value TAVI-VIV
(n = 10)

redo-AVR
(n = 10)

p-value SMD

Age, years 79.2 ± 5.7 72.9 ± 7.2 b0.001 77.0 ± 4.7 71.9 ± 8.1 0.004 75.7 ± 4.4 75.8 ± 4.3 0.971 0.010 81.0 ± 5.9 75.6 ± 3.5 b0.001 75.8 ± 3.6 75.8 ± 3.6 1.000 0.000
Male 28 (41.2%) 25 (62.5%) 0.032 14 (45.2%) 20 (69.0%) 0.063 8 (40%) 14 (70%) 0.057 14 (37.8%) 5 (45.5%) 0.650 3 (30%) 5 (50%) 0.361
BMI, kg/m2 27.2 ± 4.2 28.6 ± 4.0 0.095 27.2 ± 4.1 28.5 ± 4.2 0.255 27.3 ± 4.6 28.5 ± 4.5 0.855 27.2 ± 4.3 29.0 ± 3.6 0.226 29.8 ± 3.9 28.9 ± 3.8 0.603
EuroSCORE II, % 10.9 ± 6.2 7.8 ± 4.3 0.005 5.9 ± 1.3 5.5 ± 1.6 0.315 5.8 ± 1.5 5.8 ± 1.4 0.934 −0.03 15.2 ± 5.4 13.7 ± 3.4 0.387 15.8 ± 5.3 13.6 ± 3.6 0.299
Preoperative NYHA Class III/IV 63 (92.6%) 34 (85%) 0.376 26 (83.9%) 24 (82.8%) 0.908 16 (80%) 17 (75%) 0.677 27 (73.0%) 10 (90.9%) 0.064 10 (100%) 9 (90%) 0.305

Preoperative clinical data
CAD 41 (60.3%) 14 (35.0%) 0.011 16 (51.6%) 9 (31.0%) 0.106 10 (50%) 8 (40%) 0.525 25 (67.6%) 5 (45.5%) 0.184 8 (80%) 5 (50%) 0.160
Previous CABG 26 (38.2%) 8 (20.0%) 0.049 12 (38.7%) 5 (17.2%) 0.065 8 (40%) 4 (20%) 0.168 14 (37.8%) 3 (27.3%) 0.483 7 (70%) 3 (30%) 0.074
Previous cardiac surgery N 1 5 (7.4%) 0 (0%) 0.079 2 (6.5%) 0 (0%) 0.164 2 (10%) 0 (0%) 0.147 3 (8.1%) 0 (0%) 0.330 1 (10%) 0 (0%) 0.305
Previous pacemaker 16 (23.5%) 5 (12.5%) 0.161 4 (12.9%) 3 (10.3%) 0.758 4 (20%) 2 (10%) 0.376 12 (32.4%) 2 (18.2%) 0.361 2 (20%) 2 (20%) 1.000
Atrial fibrillation 33 (48.5%) 16 (40.0%) 0.390 13 (41.9) 10 (34.5%) 0.553 7 (35%) 9 (45%) 0.519 20 (54.1%) 6 (54.5%) 0.977 3 (30%) 6 (60%) 0.178
TIA 2 (2.9%) 1 (2.5%) 0.892 2 (6.5%) 1 (3.4%) 0.594 1 (5%) 1 (5%) 1.000 0 (0%) 0 (0%) 1.000 0 (0%) 0 (0%) 1.000
Stroke 7 (10.3%) 2 (5.0%) 0.336 3 (9.7%) 1 (3.4%) 0.334 2 (10%) 1 (5%) 0.548 4 (10.8%) 1 (9.1%) 0.870 3 (30%) 1 (10%) 0.264
PAD 11 (16.1%) 2 (5.0%) 0.085 1 (3.2%) 1 (3.4%) 0.962 1 (5%) 1 (5%) 1.000 10 (27.0%) 1 (9.1%) 0.214 3 (30%) 1 (10%) 0.264
Carotis stenosis N 50% 5 (7.4%) 5 (12.5%) 0.373 1 (3.2%) 1 (3.4%) 0.962 0 (0%) 1 (5%) 0.311 4 (10.8%) 4 (36.4%) 0.046 2 (20%) 3 (30%) 0.606
Severe pulmonary hypertension 3 (4.4%) 3 (7.5%) 0.499 0 (0%) 1 (3.4%) 0.329 0 (0%) 1 (5%) 0.311 3 (8.1%) 2 (18.2%) 0.337 0 (0%) 2 (20%) 0.136
Renal impairment 64 (94.1%) 28 (70.0%) b0.001 27 (87.1%) 17 (58.6%) 0.013 17 (85%) 13 (65%) 0.144 37 (100%) 11 (100%) 1.000 10 (100%) 10 (100%) 1.000
Moderate 30 (44.1%) 16 (40.0%) 23 (74.2%) 11 (37.9%) 13 (65%) 8 (40%) 7 (18.9%) 5 (45.4%) 1 (10%) 4 (40%)
Severe 32 (47.1%) 12 (30%) 4 (12.9%) 6 (20.7%) 4 (20%) 5 (25%) 28 (75.7%) 6 (54.4%) 8 (80%) 6 (60%)
Dialysis 2 (2.9%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (5.4%) 0 (0%) 1 (10%) 0 (0%)
COPD 11 (16.2%) 8 (20.0%) 0.614 4 (12.9%) 6 (20.7%) 0.419 3 (15%) 5 (25%) 0.429 4 (12.9%) 2 (20.7%) 0.956 4 (40%) 2 (20%) 0.329
Active smoker 6 (8.8%) 2 (5.0%) 0.464 3 (9.7%) 1 (3.4%) 0.334 2 (10%) 1 (5%) 0.548 3 (8.1%) 1 (9.1%) 0.918 1 (10%) 1 (10%) 1.000
Arterial hypertension 63 (92.6%) 36 (90.0%) 0.631 29 (93.5%) 26 (89.7%) 0.586 18 (90%) 19 (95%) 0.548 34 (91.9%) 10 (90.9%) 0.918 9 (90%) 9 (90%) 1.000
Diabetes mellitus 23 (33.8%) 18 (45.0%) 0.248 6 (19.4%) 10 (34.5%) 0.185 4 (20%) 7 (35%) 0.289 17 (45.9%) 8 (72.7%) 0.119 7 (70%) 7 (70%) 1.000
Insulin dependent diabetes
mellitus

10 (14.7%) 3 (7.3%) 0.266 1 (3.2%) 1 (3.4%) 0.962 0 (0%) 0 (0%) 1.000 9 (24.3%) 2 (18.2%) 0.670 4 (40%) 1 (10%) 0.121

Hyperlipoproteinemia 51 (75.0%) 26 (65.0%) 0.267 23 (74.2%) 19 (65.5%) 0.464 16 (80%) 15 (75%) 0.705 28 (75.7%) 7 (63.6%) 0.430 9 (90%) 6 (60%) 0.121
Elective procedureb 57 (83.8%) 31 (77.5%) 0.414 29 (93.5%) 26 (89.7%) 0.586 19 (95%) 19 (95%) 1.000 28 (75.7%) 5 (45.4%) 0.576 8 (80%) 5 (50%) 0.160
Urgent procedurec 6 (8.8%) 7 (17.5%) 0.180 1 (3.2%) 2 (6.9%) 0.514 0 (0%) 0 (0%) 1.000 5 (13.5%) 5 (45.4%) 0.022 1 (10%) 4 (40%) 0.121
Emergency procedured 5 (7.4%) 2 (5.0%) 0.631 1 (3.2%) 1 (3.4%) 0.962 1 (5%) 1 (5%) 1.000 4 (10.8%) 1 (9.1%) 0.870 1 (10%) 1 (10%) 1.000
Preoperative intubation 2 (2.9%) 0 (0.0%) 0.274 0 (0%) 0 (0%) 1.000 0 (0%) 0 (0%) 1.000 2 (5.4%) 0 (0%) 0.341 0 (0%) 0 (0%) 1.000
Time after previous AVR, years 9.5 ± 4.2 8.0 ± 4.2 0.068 9.5 ± 4.3 8.6 ± 4.6 0.423 8.5 ± 4.5 8.2 ± 5.1 0.807 9.6 ± 4.2 6.4 ± 2.8 0.023 7.5 ± 1.6 6.5 ± 2.9 0.361
Degenerated valve ≤ 21 mm 28 (41.2%) 10 (25.0%) 0.089 12 (38.7%) 7 (24.1%) 0.225 10 (50%) 6 (30%) 0.197 16 (43.2%) 3 (27.3%) 0.342 6 (60%) 2 (20%) 0.068
Severe PPM after previous
surgery

7 (10.3%) 3 (7.5%) 0.629 2 (6.5%) 1 (3.4%) 0.594 2 (10%) 1 (5%) 0.548 5 (13.5%) 2 (18.2%) 0.700 3 (30%) 1 (10%) 0.264

True ID of failed bioprosthesis,
mm

19.8 ± 2.7 20.8 ± 3.3 0.077 19.8 ± 2.7 20.7 ± 3.2 0.221 19.6 ± 3.1 20.3 ± 2.8 0.503 19.7 ± 2.7 20.8 ± 3.5 0.263 18.5 ± 2.3 21.1 ± 3.6 0.073

Preoperative echocardiographic parameters
Aortic prosthesis patology
Leading stenosis 52 (76.5%) 23 (57.5%) 0.039 25 (80.6%) 16 (55.2%) 0.034 18 (90%) 13 (65%) 0.058 27 (73.0%) 7 (63.6%) 0.550 8 (80%) 6 (60%) 0.329
Leading regurgitation 16 (23.5%) 17 (42.5%) 0.039 6 (19.4%) 13 (44.8%) 0.034 2 (10%) 7 (35%) 0.058 10 (27.0%) 4 (36.4%) 0.550 2 (20%) 4 (40%) 0.329

AV meanPG, mmHg 41.9
± 19.3

40.1
± 20.9

0.646 47.1
± 19.7

37.8
± 16.6

0.053 48.9
± 21.4

33.4
± 11.7

0.007 37.6
± 18.2

46.2
± 29.7

0.243 46.8
± 16.2

42.3
± 28.2

0.667

AV peakPG, mmHg 71.7
± 29.3

66.2
± 29.5

0.354 79.2
± 30.2

65.6
± 26.9

0.071 80.9
± 31.2

59.4
± 19.1

0.012 65.4
± 27.3

67.2
± 37.0

0.810 77.6
± 22.2

60.6
± 29.7

0.165

EOA, cm2 0.74
± 0.32

0.75
± 0.33

0.901 0.76
± 0.36

0.82
± 0.36

0.548 0.74
± 0.36

0.78
± 0.21

0.676 0.72
± 0.29

0.56
± 0.12

0.146 0.59 ± 0.2 0.58
± 0.12

0.946

MV stenosis ≥ 2° 1 (1.5%) 0 (0%) 0.441 0 (0%) 0 (0%) 1.000 0 (0%) 0 (0%) 1.000 1 (2.7%) 0 (0%) 0.582 0 (0%) 0 (0%) 1.000
MV regurgitation ≥ 2° 32 (47.1%) 10 (25%) 0.023 9 (29.0%) 8 (27.6%) 0.901 4 (20%) 7 (35%) 0.289 23 (62.2%) 2 (18.2%) 0.010 4 (40%) 2 (20%) 0.329
TV regurgitation ≥ 2° 15 (22.1%) 3 (7.3%) 0.049 2 (6.5%) 1 (3.4%) 0.594 1 (5%) 1 (5%) 1.000 13 (35.1%) 2 (18.2%) 0.287 1 (10%) 2 (20%) 0.531
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(survival at 5 years- 69.9%, all survivorswere in NYHAclass I or II).Mod-
erate regurgitation occurred only in one patient following femTAVI-VIV
procedure and he survived the follow-up period, but with NYHA III
class.

Twenty-eight patients in femTAVI-VIV group and ten patients in the
Redo-AVR group with small degenerated bioprostheses (diame-
ter ≤ 21 mm) were analyzed in this study. We did not observe any dif-
ferences between mean postoperative gradients after both procedures
(femTAVI-VIV:20.3 ± 10.7 vs Redo-AVR:22.2 ± 9.6 mmHg, p= 0.631).

3.7. Follow-up period

During the follow-up period died 35 patients. Fourteen of them died
after Redo-AVR and twenty-one following femTAVI-VIV procedures.We
did not find any significant differences in one-, and five- year cumula-
tive survival rates between the groups (femTAVI-VIV vs Redo-AVR: 1-
year:85.2% vs 85.0%, 5-year:62.9% vs 72.5%) (Fig. 2A). Similar results
were observed in intermediate and high-risk profile: femTAVI-VIV vs
Redo-AVR 1-year: 83.9% vs 89.7%, 5-year: 61.7% vs 80.4% and 1-year:
86.5% vs 72.7%, 5-year: 64.4% vs 51.9% (Fig. 2C,E). Propensity score
matching did not significant change the survival curves: 1-year: 90.0%
vs 85.0%, 5-year: 55.5% vs 71.9% and 1-year: 80.0% vs 70.0%, 5-year:
70.0% vs 46.7% (Fig. 2D,F).

At the end of the follow-up period 41 out of 47 survivors(87.2%)
after femTAVI-VIV and 22 out of 26 survivors(84.6%) after Redo-AVR
were found in NYHA I or II classes(p = 0.755). Four patients after
femTAVI-VIV and three patients after Redo-AVR remaining in the
NYHA III had mean transvalvular gradient at discharged over
20 mmHg. Neither one of survivors was found in NYHA class IV at the
end of the follow-up.

Additionally, in a special subgroup of patients with small
degenerated bioprostheses, one-, and five- year survival rates after
both therapeutic methods were similar (femTAVI-VIV vs Redo-AVR: 1-
year survival rate: 89.3% vs 80.0%, 5-year survival rate: 63.4% vs 70.0%,
p = 0.793)(Fig. 2B). Four out of twenty one survivors with small failed
bioprosthesis in transcatheter group remained in NYHA III class and all
survivors after surgical redo were found in NYHA II class.

One patient required TAVI-Valve-in-Valve-in-Valve (1.47%) for aor-
tic valve dysfunction after 7 years post femTAVI-VIV and survived the
further follow-up period uneventful. No patients after Redo-AVR
needed re-intervention.

4. Discussion

The potential benefits of the transcatheter valve re-intervention are
less surgical trauma, local anesthesia, lower risk ofwound infection, and
absence of extracorporeal circulation; however, the conventional surgi-
cal solution allows performing concomitant procedures, avoiding the
fluoroscopy, radiation or contrast load, and more cost-effective [11].
Cardiac surgeons and cardiologists are still debating which treatment
ensures the most favorable hemodynamic outcomes with simulta-
neously reduced mortality. Data are limited to several studies with
small groups of patients and the optimal strategy for patients with
degenerated xenograft bioprostheses is still controversial. In our
paper, we focused on the less invasive approach of transcatheter
methods, that is the femoral TAVI and then compared the results with
a conventional open chest reintervention [12–14].

We can currently observe a higher risk profile of patients qualified
for TAVI-VIV; however, the mortality rate appears comparable to that
in the conventional reoperation [15,16]. In our paper, one patient died
intraprocedural during femTAVI-VIV and all patients survived the con-
ventional Redo-AVR. Mortality rates of our subjects at 30- days after
the procedures were comparable to those presented in the literature
(TAVI-VIV:3.9–8.4% vs Redo-AVR:0.0–16.4%) [5,15,17–20].

Three meta-analyses performed by Tam et al. [14], Nalluri et al. [15],
and Takagi et al. [21] that compared Redo-AVR with TAVI-VIV revealed



Table 2
Procedure-related variables.

Overall Intermediate risk High risk

Clinical
characteristicsa

TAVI-VIV
(n = 68)

Redo-AVR
(n = 40)

p-value⁎ Before PSM After PSM Before PSM After PSM

TAVI-VIV
(n = 31)

Redo-AVR
(n = 29)

p-value TAVI-VIV
(n = 20)

Redo-AVR
(n = 20)

p-value TAVI-VIV
(n = 37)

Redo-AVR
(n = 11)

p-value TAVI-VIV
(n = 10)

Redo-AVR
(n = 10)

p-value

Technical indices
Anesthetic management

General anesthesia 8 (11.8%) 40 (100%) b0.001 3 (9.7%) 40 (100%) b0.001 3 (15%) 40 (100%) b0.001 5 (13.5%) 40 (100%) b0.001 1 (10%) 40 (100%) b0.001
Local anesthesia 60 (88.2%) 0 (0%) b0.001 28 (90.3%) 0 (0%) b0.001 17 (85%) 0 (0%) b0.001 32 (86.5%) 0 (0%) b0.001 9 (90%) 0 (0%) b0.001

Operative time, min 58.7 ± 34.9 194.8 ± 62.8 b0.001 60.8 ± 45.3 195.1 ± 67.6 b0.001 63.8 ± 53.7 210.1 ± 73.7 b0.001 56.9 ± 23.4 194.1 ± 50.6 b0.001 63.0 ± 33.6 194.0 ± 53.3 b0.001
CPB time, min – 90.0 ± 37.6 – 93.8 ± 40.9 – 98.6 ± 45.0 – 80.1 ± 25.9 – 78.1 ± 26.4
Cross clamp time, min – 79.8 ± 30.8 – 85.4 ± 33.5 – 88.9 ± 34.6 – 64.7 ± 14.7 – 63.5 ± 14.9
Contrast load, mL 213.1 ± 83.8 – 217.4 ± 94.7 – 221.0 ± 110.6 – 209.3 ± 74.1 – 222.5 ± 13.1 –
Fluoroscopy time, min 13.8 ± 7.5 – 14.8 ± 8.1 – 15.5 ± 8.9 – 13.0 ± 7.0 – 81.0 ± 5.4 –
Pre-dilatation 68 (100%) – 31 (100%) – 20 (100%) – 37 (100%) – 10 (100%) –
Post-dilatation 3 (4.4%) – 1 (3.2%) – 0 (0%) – 2 (5.4%) – 0 (0%) –
Evolut R Repositioning 14/34 (41.2%) – 5/13 (38.5%) – 2/7 (28.6%) – 9/21 (42.9%) – 0/1 (0%) –
Implantation level

b4 mm 52 (76.5%) – 25 (80.6%) – 17 (85%) – 27 (73.0%) – 7 (70%) –
N4 b 8 mm 16 (23.5%) – 6 (19.4%) – 3 (15%) – 10 (27.0%) – 3 (30%) –

Postoperative echocardiography
AV meanPG, mmHg 16.8 ± 8.6 19.0 ± 11.3 0.278 17.9 ± 8.7 19.9 ± 11.4 0.461 18.3 ± 9.3 17.1 ± 5.9 0.650 16.0 ± 8.5 17.0 ± 11.1 0.748 21.9 ± 12.0 17.1 ± 11.7 0.378
AV peakPG, mmHg 29.8 ± 15.0 35.3 ± 18.5 0.103 30.4 ± 15.2 36.7 ± 17.7 0.159 30.9 ± 17.2 32.4 ± 9.8 0.760 29.2 ± 14.9 32.0 ± 20.7 0.627 39.4 ± 21.0 32.0 ± 21.8 0.449
Paravalvular leaks 24 (35.3%) 1 (2.5%) b0.001 8 (25.8%) 0 (0%) 0.003 6 (30%) 0 (0%) 0.008 16 (43.2%) 1 (9.1%) 0.038 5 (50%) 1 (10%) 0.050

Mild 23 (33.8%) 1 (2.5%) 7 (22.6%) 0 (0%) 5 (25%) 0 (0%) 16 (43.2%) 1 (9.1%) 5 (50%) 1 (10%)
Moderate 1 (1.5%) 0 (0%) 1 (3.2%) 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Severe 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

MV stenosis ≥ 2° 1 (1.5%) 0 (0%) 0.441 0 (0%) 0 (0%) 1.000 0 (0%) 0 (0%) 1.000 1 (2.7%) 0 (0%) 0.582 0 (0%) 0 (0%) 1.000
MV regurgitation ≥ 2° 18 (26.5%) 5 (12.5%) 0.087 4 (12.9%) 3 (10.3%) 0.758 2 (10%) 3 (30%) 0.633 14 (37.8%) 2 (18.2%) 0.225 5 (50%) 2 (20%) 0.160
TV regurgitation ≥ 2° 9 (13.2%) 1 (2.5%) 0.063 2 (6.5%) 0 (0%) 0.164 2 (10%) 0 (0%) 0.147 7 (18.9%) 1 (9.1%) 0.443 1 (10%) 1 (10%) 1.000
LV EF, % 52.4 ± 9.4 53.1 ± 6.0 0.675 55.2 ± 6.5 52.8 ± 6.0 0.170 54.7 ± 7.2 53.4 ± 6.0 0.569 50.0 ± 10.8 53.8 ± 6.4 0.274 51.1 ± 11.4 52.5 ± 4.9 0.724

Postoperative complications
Intraoperative mortality 1 (1.5%) 0 (0%) 0.441 1 (3.2%) 0 (0%) 0.297 1 (5%) 0 (0%) 0.311 0 (0%) 0 (0%) 1.000 0 (0%) 0 (0%) 1.000
30-days mortality 5 (7.4%) 3 (7.5%) 0.978 2 (6.5%) 3 (10.3%) 0.697 1 (5%) 3 (15%) 0.292 3 (8.1%) 0 (0%) 0.330 0 (0%) 0 (0%) 1.000
ICU stay, days 1.5 ± 1.1 3.5 ± 5.9 b0.001 1.3 ± 0.7 3.3 ± 6.6 0.084 1.2 ± 0.8 4.0 ± 7.8 0.096 1.7 ± 1.4 3.9 ± 4.2 0.008 1.7 ± 1.5 4.2 ± 4.3 0.097
Hospital stay, days 7.1 ± 2.2 11.4 ± 10.3 0.001 7.1 ± 2.4 10.0 ± 6.9 0.031 6.9 ± 2.3 10.6 ± 8.1 0.041 7.1 ± 2.1 15.3 ± 16.0 0.003 7.0 ± 1.1 16.1 ± 16.6 0.044
New dialysis 1 (1.5%) 3 (7.5%) 0.109 0 (0%) 1 (3.4%) 0.329 0 (0%) 2 (10%) 0.147 1 (2.7%) 1 (9.1%) 0.352 0 (0%) 1 (10%) 0.305
Post-procedural MODS 2 (2.9%) 2 (5%) 0.584 1 (3.2%) 1 (3.4%) 0.962 1 (5%) 1 (5%) 1.000 1 (2.7%) 1 (9.1%) 0.352 0 (0%) 1 (10%) 0.305
Myocardial infarction 1 (1.5%) 1 (2.5%) 0.701 1 (3.2%) 1 (3.4%) 0.962 1 (5%) 1 (5%) 1.000 0 (0%) 0 (0%) 1.000 0 (0%) 0 (0%) 1.000
Femoral artery stentgraft 4 (5.9%) 0 (0%) 0.118 3 (9.7%) 0 (0%) 0.086 2 (10%) 0 (0%) 0.147 1 (2.7%) 0 (0%) 0.582 0 (0%) 0 (0%) 1.000
First episode of AF 2/35 (5.7%) 7/24 (29.2%) 0.014 1/18 (5.6%) 6/19 (31.6%) 0.043 1/13 (7.7%) 5/11 (45.5%) 0.033 1/17 (5.9%) 1/5 (20%) 0.334 0/7 (0%) 1/4 (25%) 0.165
Need for PM 4 (5.9%) 2 (5%) 0.847 1 (3.2%) 1 (3.4%) 0.962 1 (5%) 0 (0%) 0.311 3 (8.1%) 1 (9.1%) 0.918 1 (10%) 1 (10%) 1.000
Stroke 3 (4.4%) 3 (7.5%) 0.499 2 (6.5%) 2 (6.9%) 0.945 2 (10%) 1 (5%) 0.548 1 (2.7%) 1 (9.1%) 0.352 0 (0%) 1 (10%) 0.305
Blood transfusion 7 (10.3%) 26 (65%) b0.001 2 (6.5%) 17(58.6%) b0.001 2 (10%) 12 (60%) 0.037 5 (13.5%) 9 (81.8%) b0.001 2 (20%) 8 (80%) 0.007

RBC, U/patient 0.26 ± 0.94 1.95 ± 3.02 b0.001 0.23 ± 0.96 1.31 ± 2.05 0.010 0.35 ± 1.82 1.35 ± 2.03 0.065 0.30 ± 0.94 3.64 ± 4.41 b0.001 0.20 ± 0.42 3.90 ± 4.56 0.020
FFP, U/patient 0.12 ± 0.76 1.48 ± 2.91 b0.001 0.19 ± 1.08 1.07 ± 1.53 0.013 0.30 ± 1.34 1.25 ± 1.68 0.056 0.05 ± 0.33 2.55 ± 4.97 0.003 0.00 ± 0.00 2.80 ± 5.16 0.103
Platelets, U/patient 0.03 ± 0.24 0.53 ± 1.17 0.001 0.06 ± 0.36 0.45 ± 0.83 0.022 0.10 ± 1.45 0.35 ± 0.75 0.206 0.00 ± 0.00 0.73 ± 1.85 0.018 0.00 ± 0.00 0.80 ± 1.93 0.207

Abbreviations: AF= atrial fibrillation; AV=aortic valve; CBP=cardiopulmonary bypass; FFP= fresh frozen plasma; LV EF= left ventricular ejection fraction; ICU= intensive care unit;MODS=Multiple organ dysfunction syndrome;MV=mitral
valve; PG = pressure gradient; PM = pacemaker; PSM = propensity score matching; SD = standard deviation; TAVI-VIV = transcatheter aortic valve implantation - valve-in-valve; RBC = red blood cell; TV = tricuspid valve.
⁎ p value b0.05 considered as of statistical significance.
a Continuous variables are presented as the means ± SD whereas categorical data as the numbers (n) with percentages (%).
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that both techniques were equal to one another in terms of their mid-
term survival, however the long-term follow-up is still missing. The
multicenter investigation performed by Guimarães et al. [22] deter-
mined the long-term clinical outcomes after TAVI-VIV in consecutive
patients undergoing TAVI-VIV in nine heart centers between 2009 and
2015. Five-year survival rate was 67.9%, what is comparable to results
in our study. The PARTNER 2-VIV registry provided most recent data
on long-term outcomes after TAVI-VIV and suggest the favorable out-
comes [23]. At 3-year follow-up, the all-cause mortality was 32.7%,
Fig. 2.A: Kaplan-Meier survival curve of all patients. B: Patients with small degenerated valves. C
High-risk after PSM.
which is similar to the results presented in our investigation and data
delivered by Guimarães et al. [22,23].

It is worth noting that patients qualified for transcatheter treatment
in our study population were significantly older with preoperative
worse kidney function, which are widely known risk factors associated
with increased mortality [22]. Nonetheless, we did not observe any sig-
nificant differences in all-cause 1-, 3-, and 5-year mortality rates after
both methods. Moreover, regardless of treatment strategy, around 90%
of survivors experienced significant reduction in NYHA class, being in
: Intermediate-risk before PSM. D: Intermediate-risk after PSM. E: High-risk before PSM. F:
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class I or II. The sustained improvement of functional status was simi-
larly observed in PARTNER 2-VIV trial [23].

The old frame of the degenerated valve seems to have a protective
function for the conduction system during the Valve-in-Valve proce-
dure [24]. These findings were confirmed by meta-analyses performed
by Nalluri et al. [15], Neupane et al. [25], Tam et al. [16], and Gozdek
et al. [6]. Notwithstanding, our investigation recorded a similar need
for a new heart rhythm device implantation after transcatheter- and
redo procedure (5.9% vs 5.0%, p = 0.847).

The catheter procedure was less invasive, shorter, and required sig-
nificantly shorter hospital stay, furthermore, 73% of surviving TAVI pa-
tients left the ICU within the first 24 h after the procedure and 62% of
our TAVIs were discharged during the first postoperative week. The re-
duction of the invasiveness of the procedure and of the body traumahad
observable consequences in the need for transfusions of all types of
blood products [26].

The main challenge of reoperation is adhesions, aggressive prepara-
tions of which may result in catastrophic complications. Every chest
reopening is associated with increased risk of life-threatening adverse
events compared to the primary procedures [4]. On the other hand
open chest surgery gives the opportunity to perform additional proce-
dures. Furthermore, reoperation is a risk factor of reoperation for bleed-
ing. Although particular attention was paid to this aspect of redo
surgeries in about 7.5% of our patients rethoracotomy due to postoper-
ative bleedingwas not avoided. Although this rate seems to be relatively
high it is less than that previously reported byOnorati et al. (15.3%) [27].
Additionally, redo operation is a well-known risk factor of deep sternal
wound infection (DSWI). Luckily, only one patient in our group devel-
oped such complication and required vacuum-assisted closure that con-
sidered as effective therapeutic option in DSWI cases [28].

The most controversial issue in failed aortic valves are still the
hemodynamical outcomes after re-interventions and available data
are conflicting. Most studies suggest a favorable postoperative mean
gradient after a conventional reoperation [5–7,29], whereas meta-
analyses performed by Tam et al. [16] and Gozdek et al. [6] did not con-
firm previous findings. Our study is the first single-center analysis that
also revealed comparable mean postoperative gradients and similar
rate of such gradients over 20 mmHg after both procedures. During
Redo-AVR the aortic root is usually stiffer and more calcified than a
few years earlier which consequently leads to use a valve of the same
or even smaller size [30]. This fact can explain comparable gradients
after Redo-AVR and TAVI-VIV.

The paravalvular leak is the known “Achilles' heel” of the TAVI pro-
cedure and was widely described in the literature [5,31]. Our investiga-
tion confirms this finding. We observed significantly more PVL after
TAVI-VIV, but only one out of twenty five PVL was moderate. The rate
of PVL (35%) appears higher than what has previously been reported
after TAVI-VIV procedures (Tam et al. 21.1% [16]), however 95% of PVL
were mild without affecting mortality or NYHA class in survivors. The
currently available evidence is not strong enough to suggest or claim
an inferiority of hemodynamical results after transcatheter intervention
compared to the surgical Redo-AVR.
T
So
So
Femoral TAVI-VIV has become a preferred treatment option for
high-risk patients to avoid general anesthesia and any injuries during
reopening of the chest. The new valve anchor within the frame of the
old prosthesis means that the implantation is technically simple but
carries the risk of coronary ostia obstruction and is limited by the
valve size. Surgical Redo-AVR offers much many more options to treat
a small root and has decreased its complication rate over the past de-
cade. Some authors suggest considering the surgical solution as the
first line treatment in patientswith small-caliber degenerated biological
aortic valves [18].We compared the results of femTAVI-VIV and reoper-
ation in these challenging patients with the valve diameter ≤ 21 mm.
However, despite more mild PVL cases, no other hemodynamic conse-
quenceswere noted. Moreover, this aforementioned fact did not impact
negatively on survival probability. Most valves, except Medtronic Han-
cock and St. Jude Trifecta, could be fractured. However, the use of frac-
turing in the TAVI-VIV strategy has not been extensively investigated,
the evidence is based on several small case-studies and with risks, in-
cluding aortic root damage or coronary obstruction but may improve
the hemodynamic results [32–36].

There are grave concerns about coronary obstruction, which occurs
in 2.3% patients after TAVI-VIV procedure [37,38]. In our analysis, only
one patient (1.5%) died suddenly three days after the percutaneous in-
tervention probably because of coronary obstruction. However, the
cause of death remained unknown as autopsy was not performed.
This patient had a failed Sorin Mitroflow (21 mm diameter), which
due to its long leaflets mounted externally over the stent, could stop
the free-flow due to the coronary ostia. There are some technical tricks
to protect from this severe adverse event such as the Chimney or Basil-
ica technique; however, the evidence is veryweak and the effectiveness
of these techniques has not yet been confirmed [38].We did not use any
coronary obstruction protection techniques. All other four in-hospital
deaths were caused by technical intraprocedural complications or
poor preoperative condition.
5. Study limitations

It is a single center studywith relatively small sample size. Themain
limitations of this study are the lack of randomization, retrospective na-
ture of this investigation and the absence of echocardiographic results
during follow-up period.
6. Conclusions

Our study supports the transcatheter approach for treatment of pa-
tients with degenerated aortic bioprostheses as a safe alternative to
Redo-AVR, particularly for those at high-risk. Although TAVI-VIV proce-
dures may result in paravalvular leaks, residual transvalvular gradients
and the limited possibility of performing other cardiac interventions,
long-term outcomeswith respect to functional status and survival prob-
ability are comparable to surgical Redo-AVRs.
Appendix A
Appendix Table 1

Type of degenerated bioprosthesis and new implanted valves.
Clinical Overall Intermediate risk

characteristics*
High risk
TAVI-VIV
(n = 68)
Redo-AVR
(n = 40)
Before PSM
 After PSM
 Before PSM
 After PSM
TAVI-VIV
(n = 31)
Redo-AVR
(n = 29)
TAVI-VIV
(n = 20)
Redo-AVR
(n = 20)
TAVI-VIV
(n = 37)
redo-AVR
(n = 11)
TAVI-VIV
(n = 10)
Redo-AVR
(n = 10)
ype of failing surgical bioprosthesis

rin Mitroflow
 19 (27.9%)
 10 (25%)
 8 (25.8%)
 8 (27.6%)
 7 (35%)
 6 (30%)
 11 (29.7%)
 2 (18.2%)
 5 (50%)
 2 (20%)

rin Freedom
SOLO
7 (10.3%)
 7 (17.5%)
 3 (9.7%)
 5 (17.2%)
 2 (10%)
 3 (15%)
 4 (10.8%)
 2 (18.2%)
 0 (0%)
 2 (20%)
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ppendix Table 1 (continued)
Clinical
characteristics*
So
M

P
SJ
SJ
B
M
Sh
SJ

Si
1
1
2
2
2
2
2
2
2

N
M

SJ
So
M

So

P
Li

Li

C
C

N
1
2
2
2
2
2
2
3

1
2
3
4
5

1
2

Overall
 Intermediate risk
 High risk
TAVI-VIV
(n = 68)
Redo-AVR
(n = 40)
Before PSM
 After PSM
 Before PSM
 After PSM
TAVI-VIV
(n = 31)
Redo-AVR
(n = 29)
TAVI-VIV
(n = 20)
Redo-AVR
(n = 20)
TAVI-VIV
(n = 37)
redo-AVR
(n = 11)
TAVI-VIV
(n = 10)
Redo-AVR
(n = 10)
rin Soprano
 7 (10.3%)
 3 (7.5%)
 2 (6.5%)
 1 (3.4%)
 1 (5%)
 1 (5%)
 5 (13.5%)
 2 (18.2%)
 3 (30%)
 1 (10%)

edtronic
Hancock
18 (26.5%)
 12 (30%)
 8 (25.8%)
 9 (31.0%)
 7 (35%)
 6 (30%)
 10 (27.0%)
 3 (27.3%)
 2 (20%)
 3 (30%)
erimount
 10 (14.7%)
 1 (2.5%)
 5 (16.1%)
 1 (3.4%)
 1 (5%)
 1 (5%)
 5 (13.5%)
 0 (0%)
 0 (0%)
 0 (0%)

M Epic Supra
 3 (4.4%)
 1 (2.5%)
 3 (9.7%)
 1 (3.4%)
 1 (5%)
 1 (5%)
 0 (0%)
 0 (0%)
 0 (0%)
 0 (0%)

M Toronto SPV
 0 (0%)
 2 (5%)
 0 (0%)
 2 (6.9%)
 0 (0%)
 1 (5%)
 0 (0%)
 0 (0%)
 0 (0%)
 0 (0%)

axter
 1 (1.5%)
 2 (5%)
 1 (3.2%)
 1 (3.4%)
 1 (5%)
 0 (0%)
 0 (0%)
 1 (9.1%)
 0 (0%)
 1 (10%)

edtronic Mosaic
 1 (1.5%)
 1 (2.5%)
 0 (0%)
 0 (0%)
 0 (0%)
 0 (0%)
 1 (2.7%)
 1 (9.1%)
 0 (0%)
 1 (10%)

elhigh
 1 (1.5%)
 1 (2.5%)
 0 (0%)
 1 (3.4%)
 0 (0%)
 1 (5%)
 1 (2.7%)
 0 (0%)
 0 (0%)
 0 (0%)

M Biocor
 1 (1.5%)
 0 (0%)
 1 (3.2%)
 0 (0%)
 0 (0%)
 0 (0%)
 0 (0%)
 0 (0%)
 0 (0%)
 0 (0%)
ze of failing surgical bioprosthesis

8 mm
 0 (0%)
 1 (2.5%)
 0 (0%)
 0 (0%)
 0 (0%)
 0 (0%)
 0 (0%)
 1 (9.1%)
 0 (0%)
 0 (0%)

9 mm
 3 (4.4%)
 1 (2.5%)
 0 (0%)
 1 (3.4%)
 0 (0%)
 0 (0%)
 3 (8.1%)
 0 (0%)
 1 (10%)
 0 (0%)

0 mm
 3 (4.4%)
 2 (5%)
 1 (3.2%)
 1 (3.4%)
 1 (5%)
 1 (5%)
 2 (5.4%)
 1 (9.1%)
 1 (10%)
 1 (10%)

1 mm
 22 (32.4%)
 6 (15%)
 11 (35.4%)
 5 (17.2%)
 9 (45%)
 5 (25%)
 11 (29.7%)
 1 (9.1%)
 4 (40%)
 1 (10%)

2 mm
 3 (4.4%)
 0 (0%)
 0 (0%)
 0 (0%)
 0 (0%)
 0 (0%)
 3 (8.1%)
 0 (0%)
 2 (20%)
 0 (0%)

3 mm
 22 (32.4%)
 17 (42.5%)
 13 (41.9%)
 12 (41.4%)
 5 (25%)
 9 (45%)
 9 (24.3%)
 5 (45.5%)
 2 (20%)
 5 (50%)

5 mm
 10 (14.7%)
 9 (22.5%)
 3 (9.7%)
 7 (24.1%)
 2 (10%)
 4 (20%)
 7 (18.9%)
 2 (18.2%)
 0 (0%)
 2 (20%)

7 mm
 3 (4.4%)
 2 (5%)
 2 (6.5%)
 2 (6.9%)
 2 (10%)
 0 (0%)
 1 (2.7%)
 0 (0%)
 0 (0%)
 0 (0%)

9 mm
 2 (2.9%)
 2 (5%)
 1 (3.2%)
 1 (3.4%)
 1 (5%)
 1 (5%)
 1 (2.7%)
 1 (9.1%)
 0 (0%)
 1 (10%)
ew implanted valves type

edtronic
Hancock
–
 25 (62.5%)
 –
 17 (58.6%)
 –
 13 (65%)
 –
 8 (72.7%)
 –
 8 (80%)
M Epic Supra
 –
 10 (25%)
 –
 8 (27.6%)
 –
 4 (20%)
 –
 2 (18.2%)
 –
 2 (20%)

rin Mitroflow
 –
 2 (5%)
 –
 2 (6.9%(
 –
 2 (10%)
 –
 0 (0%)
 –
 0 (0%)

edtronic
Freestyle
–
 1 (2.5%)
 –
 1 (3.4%)
 –
 0 (0%)
 –
 0 (0%)
 –
 0 (0%)
rin Freedom
SOLO
–
 1 (2.5%)
 –
 0 (0%)
 –
 0 (0%)
 –
 1 (9.1%)
 –
 0 (0%)
erimount
 –
 1 (2.5%)
 –
 1 (3.4%)
 –
 1 (5%)
 –
 0 (0%)
 –
 0 (0%)

vaNova
Perceval
–
 0 (0%)
 –
 0 (0%)
 –
 0 (0%)
 –
 0 (0%)
 –
 0 (0%)
vaNova Crown
PRT
–
 0 (0%)
 –
 0 (0%)
 –
 0 (0%)
 –
 0 (0%)
 –
 0 (0%)
oreValve
 34 (50%)
 –
 18 (58.1%)
 –
 13 (65%)
 –
 16 (43.2%)
 –
 9 (90%)
 –

oreValve Evolut
R

34 (50%)
 –
 13 (41.9%)
 –
 7 (35%)
 –
 21 (56.8%)
 –
 1 (10%)
 –
ew implanted valves size

9 mm
 0 (0%)
 2 (5%)
 0 (0%)
 2 (6.9%)
 0 (0%)
 2 (10%)
 0 (0%)
 0 (0%)
 0 (0%)
 0 (0%)

1 mm
 0 (0%)
 14 (35%)
 0 (0%)
 9 (31.0%)
 0 (0%)
 5 (25%)
 0 (0%)
 5 (45.5%)
 0 (0%)
 4 (40%)

3 mm
 35 (51.5%)
 17 (42.5%)
 16 (51.6%)
 13 (44.8%)
 12 (60%)
 11 (55%)
 19 (51.4%)
 4 (36.4%)
 7 (70%)
 4 (40%)

5 mm
 0 (0%)
 2 (5%)
 0 (0%)
 1 (3.4%)
 0 (0%)
 1 (5%)
 0 (0%)
 1 (9.1%)
 0 (0%)
 1 (10%)

6 mm
 27 (39.7%)
 0 (0%)
 12 (38.7%)
 0 (0%)
 6 (30%)
 0 (0%)
 15 (40.5%)
 0 (0%)
 3 (30%)
 0 (0%)

7 mm
 0 (0%)
 3 (7.5%)
 0 (0%)
 2 (6.9%)
 0 (0%)
 0 (0%)
 0 (0%)
 1 (9.1%)
 0 (0%)
 1 (10%)

9 mm
 3 (4.4%)
 2 (5%)
 2 (6.5%)
 2 (6.9%)
 1 (5%)
 1 (5%)
 1 (2.7%)
 0 (0%)
 0 (0%)
 0 (0%)

1 mm
 1 (1.5%)
 0 (0%)
 1 (3.2%)
 0 (0%)
 1 (5%)
 0 (0%)
 0 (0%)
 0 (0%)
 0 (0%)
 0 (0%)

4 mm
 2 (2.9%)
 0 (0%)
 0 (0%)
 0 (0%)
 0 (0%)
 0 (0%)
 2 (5.4%)
 0 (0%)
 0 (0%)
 0 (0%)
3
Appendix Table 2

Causes of early death.
Type of surgery
 Urgency
 Age [years]
 EuroSCORE II
 LV-EF
 Failed bioprosthesis
 New valve
 Survival
[days]
Cause of death
TAVI-VIV
 Elective
 78
 4.11%
 55%
 Mitroflow [21 mm]
 CoreValve [26 mm]
 0
 LV-Perforation

TAVI-VIV
 Elective
 84
 6.27%
 60%
 Mitroflow [21 mm]
 Evolut R [23 mm]
 3
 Sudden cardiac death

TAVI-VIV
 Emergency
 80
 20.16%
 45%
 Freedom Solo [27 mm]
 Evolut R [34 mm]
 4
 Sepsis, MODS

TAVI-VIV
 Elective
 83
 10.46%
 60%
 Mitroflow [21 mm]
 Evolut R [23 mm]
 5
 Pulmonary Embolism

TAVI-VIV
 Elective
 85
 14.5%
 50%
 Hancock II [25 mm]
 CoreValve [26 mm]
 6
 Intracranial

hemorrhage

Redo-AVR
 Elective
 76
 5.07%
 60%
 Freedom Solo [23 mm]
 Hancock II [23 mm]
 2
 Sudden cardiac death

Redo-AVR
 Elective
 81
 5.96%
 69%
 Hancock II [21 mm]
 Hancock II [21 mm]
 3
 Heart failure

Redo-AVR
 Elective
 77
 7.21%
 70%
 Mitroflow [21 mm]
 SJM Epic [23 mm]
 27
 Sepsis, MODS
3
Abbreviations: LV EF = left ventricular ejection fraction; MODS= Multiple organ dysfunction syndrome.



34 T. Stankowski et al. / International Journal of Cardiology 306 (2020) 25–34
References

[1] A. Cribier, H. Eltchaninoff, A. Bash, et al., Percutaneous transcatheter implantation of
an aortic valve prosthesis for calcific aortic stenosis: first human case description,
Circulation. 106 (24) (2002) 3006–3008.

[2] V. Falk, H. Baumgartner, J.J. Bax, et al., ESC/EACTS Guidelines for the management of
valvular heart disease, Eur J Cardiothorac Surg. 52 (4) (2017) 616–664.

[3] R.A. Nishimura, C.M. Otto, R.O. Bonow, et al., AHA/ACC focused update of the 2014
AHA/ACC guideline for the management of patients with valvular heart disease: a
report of the American College of Cardiology/American Heart Association Task
Force on Clinical Practice Guidelines, Circulation 135 (25) (2017) e1159–e1195.

[4] S. Leontyev, M.A. Borger, P. Davierwala, et al., Redo aortic valve surgery: early and
late outcomes, Ann. Thorac. Surg. 91 (4) (2011) 1120–1126.

[5] M. Erlebach, M. Wottke, M.A. Deutsch, et al., Redo aortic valve surgery versus trans-
catheter valve-in-valve implantation for failing surgical bioprosthetic valves: con-
secutive patients in a single-center setting, J Thorac Dis. 7 (9) (2015) 1494–1500.

[6] M. Gozdek, G.M. Raffa, P. Suwalski, et al., Comparative performance of transcatheter
aortic valve-in-valve implantation versus conventional surgical redo aortic valve re-
placement in patients with degenerated aortic valve bioprostheses: systematic re-
view and meta-analysis, Eur. J. Cardiothorac. Surg. 53 (3) (2018) 495–504.

[7] M. Silaschi, O. Wendler, M. Seiffert, et al., Transcatheter valve-in-valve implantation
versus redo surgical aortic valve replacement in patients with failed aortic
bioprostheses, Interact. Cardiovasc. Thorac. Surg. 24 (1) (2017) 63–70.

[8] A.P. Kappetein, S.J. Head, P. Généreux, et al., Updated standardized endpoint defini-
tions for transcatheter aortic valve implantation: the valve academic research
Consortium-2 consensus document, Eur. Heart J. 33 (19) (2012) 2403–2418.

[9] U. Benedetto, S.J. Head, G.D. Angelini, E.H. Blackstone, Statistical primer: propensity
score matching and its alternatives, Eur. J. Cardiothorac. Surg. 53 (6) (2018)
1112–1117.

[10] P.C. Austin, Optimal caliper widths for propensity-score matching when estimating
differences inmeans and differences in proportions in observational studies, Pharm.
Stat. 10 (2) (2011) 150–161.

[11] D.J. Murdoch, J.G. Webb, Transcatheter valve-in-valve implantation for degenerated
surgical bioprostheses, J Thorac Dis. 10 (Suppl. 30) (2018) S3573–S3577.

[12] S. Bleiziffer, M. Krane, M.A. Deutsch, et al., Which way in? The necessity of multiple
approaches to transcatheter valve therapy, Curr. Cardiol. Rev. 9 (4) (2013) 268–273.

[13] M.B. Leon, C.R. Smith,M.J. Mack, et al., Transcatheter or surgical aortic-valve replace-
ment in intermediate-risk patients, N. Engl. J. Med. 374 (17) (2016) 1609–1620.

[14] L. Biasco, E. Ferrari, G. Pedrazzini, et al., Access sites for TAVI: patient selection
criteria, technical aspects, And Outcomes. Front Cardiovasc Med. 5 (2018) 88.

[15] N. Nalluri, V. Atti, A.B. Munir, et al., Valve in valve transcatheter aortic valve implan-
tation (ViV-TAVI) versus redo-surgical aortic valve replacement (redo-SAVR): a sys-
tematic review and meta-analysis, J. Interv. Cardiol. 31 (5) (2018) 661–671.

[16] D.Y. Tam, T.X. Vo, H.C. Wijeysundera, D. Dvir, J.O. Friedrich, S.E. Fremes, Transcathe-
ter valve-in-valve versus redo surgical aortic valve replacement for the treatment of
degenerated bioprosthetic aortic valve: a systematic review and meta-analysis,
Catheter. Cardiovasc. Interv. 92 (7) (2018) 1404–1411.

[17] D. Dvir, J. Webb, S. Brecker, et al., Transcatheter aortic valve replacement for degen-
erative bioprosthetic surgical valves: results from the global valve-in-valve registry,
Circulation. 126 (19) (2012) 2335–2344.

[18] D. Attias, M. Nejjari, F. Nappi, J. Dreyfus, M.F. Eleid, C.S. Rihal, How to treat severe
symptomatic structural valve deterioration of aortic surgical bioprosthesis: trans-
catheter valve-in-valve implantation or redo valve surgery? Eur. J. Cardiothorac.
Surg. 54 (6) (2018) 977–985.

[19] T. Eitz, D. Fritzsche, G. Kleikamp, A. Zittermann, D. Horstkotte, R. Körfer, Reoperation
of the aortic valve in octogenarians, Ann. Thorac. Surg. 82 (4) (2006) 1385–1390.

[20] P. Naji, B.P. Griffin, J.F. Sabik, et al., Characteristics and outcomes of patients with se-
vere bioprosthetic aortic valve stenosis undergoing redo surgical aortic valve re-
placement, Circulation. 132 (21) (2015) 1953–1960.
[21] H. Takagi, S. Mitta, T. Ando, Meta-analysis of valve-in-valve transcatheter versus
redo surgical aortic valve replacement, Thorac. Cardiovasc. Surg. 67 (4) (2019)
243–250.

[22] L. de Freitas Campos Guimarães, M. Urena, H.C. Wijeysundera, et al., Long-term out-
comes after transcatheter aortic valve-in-valve replacement, Circ Cardiovasc Interv.
11 (9) (2018), e007038.

[23] J.G. Webb, D.J. Murdoch, M.C. Alu, et al., 3-year outcomes after valve-in-valve trans-
catheter aortic valve replacement for degenerated bioprostheses: the PARTNER 2
Registry, J Am Coll Cardiol. 73 (21) (2019) 2647–2655.

[24] J.M. Paradis, M. Del Trigo, R. Puri, J. Rodés-Cabau, Transcatheter valve-in-valve and
valve-in-ring for treating aortic and mitral surgical prosthetic dysfunction, J. Am.
Coll. Cardiol. 66 (18) (2015) 2019–2037.

[25] S. Neupane, H. Singh, J. Lämmer, et al., Meta-analysis of transcatheter valve-in-valve
implantation versus redo aortic valve surgery for bioprosthetic aortic valve dysfunc-
tion, Am. J. Cardiol. 121 (12) (2018) 1593–1600.

[26] M. Ranucci, E. Baryshnikova, S. Castelvecchio, G. Pelissero, Group SaCORS, Major
bleeding, transfusions, and anemia: the deadly triad of cardiac surgery, Ann. Thorac.
Surg. 96 (2) (2013) 478–485.

[27] F. Onorati, F. Biancari, M. De Feo, et al., Mid-term results of aortic valve surgery in
redo scenarios in the current practice: results from the multicentre European
RECORD (REdo Cardiac Operation Research Database) initiative, Eur J Cardiothorac
Surg. 47 (2) (2015) 269–280(discussion 280).

[28] M.A. Borger, V. Rao, R.D.Weisel, et al., Deep sternal wound infection: risk factors and
outcomes, Ann. Thorac. Surg. 65 (4) (1998) 1050–1056.

[29] M. Spaziano, D. Mylotte, P. Thériault-Lauzier, et al., Transcatheter aortic valve im-
plantation versus redo surgery for failing surgical aortic bioprostheses: a
multicentre propensity score analysis, EuroIntervention. 13 (10) (2017)
1149–1156.

[30] P.M. Davierwala, M.A. Borger, T.E. David, V. Rao, M.Maganti, T.M. Yau, Reoperation is
not an independent predictor of mortality during aortic valve surgery, J. Thorac.
Cardiovasc. Surg. 131 (2) (2006) 329–335.

[31] J.I. Ejiofor, M. Yammine, M.T. Harloff, et al., Reoperative surgical aortic valve replace-
ment versus transcatheter valve-in-valve replacement for degenerated
bioprosthetic aortic valves, Ann. Thorac. Surg. 102 (5) (2016) 1452–1458.

[32] K.B. Allen, A.K. Chhatriwalla, D.J. Cohen, et al., Bioprosthetic valve fracture to facili-
tate transcatheter valve-in-valve implantation, Ann. Thorac. Surg. 104 (5) (2017)
1501–1508.

[33] A.K. Chhatriwalla, K.B. Allen, J.T. Saxon, et al., Bioprosthetic valve fracture improves
the hemodynamic results of valve-in-valve Transcatheter aortic valve replacement,
Circ. Cardiovasc. Interv. 10 (7) (2017).

[34] F.J. Woitek, G. Stachel, P. Kiefer, et al., Treatment of failed aortic bioprostheses: an
evaluation of conventional redo surgery and transfemoral transcatheter aortic
valve-in-valve implantation, Int. J. Cardiol. 300 (2020) 80–86.

[35] A. Chatterjee, W.B. Hillegass, “Expanding the frame” for valve-in-valve therapy in
small bioprostheses: encouraging signs for the road ahead, Catheter. Cardiovasc.
Interv. 92 (3) (2018) 555–556.

[36] T. Stankowski, S.S. Aboul-Hassan, F. Seifi-Zinab, et al., Severe structural deterioration
of small aortic bioprostheses treated with valve-in-valve transcatheter aortic valve
implantation, J. Card. Surg. 34 (1) (2019) 7–13.

[37] A. Latib, M. Pagnesi, Tearing down the risk for coronary obstruction with transcath-
eter aortic valve replacement, JACC Cardiovasc Interv. 11 (7) (2018) 690–692.

[38] H.B. Ribeiro, J. Rodés-Cabau, P. Blanke, et al., Incidence, predictors, and clinical out-
comes of coronary obstruction following transcatheter aortic valve replacement for
degenerative bioprosthetic surgical valves: insights from the VIVID registry, Eur.
Heart J. 39 (8) (2018) 687–695.

http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0005
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0005
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0005
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0010
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0010
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0015
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0015
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0015
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0015
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0020
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0020
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0025
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0025
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0025
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0030
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0030
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0030
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0030
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0035
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0035
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0035
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0040
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0040
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0040
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0045
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0045
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0045
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0050
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0050
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0050
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0055
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0055
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0060
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0060
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0065
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0065
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0070
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0070
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0075
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0075
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0075
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0080
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0080
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0080
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0080
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0085
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0085
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0085
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0090
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0090
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0090
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0090
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0095
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0095
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0100
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0100
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0100
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0105
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0105
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0105
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0110
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0110
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0110
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0115
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0115
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0115
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0120
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0120
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0120
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0125
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0125
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0125
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0130
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0130
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0130
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0135
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0135
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0135
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0135
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0140
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0140
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0145
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0145
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0145
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0145
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0150
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0150
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0150
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0155
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0155
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0155
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0160
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0160
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0160
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0165
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0165
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0165
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0170
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0170
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0170
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0175
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0175
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0175
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0180
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0180
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0180
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0185
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0185
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0190
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0190
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0190
http://refhub.elsevier.com/S0167-5273(19)34886-7/rf0190

	Femoral transcatheter valve-�in-�valve implantation as alternative strategy for failed aortic bioprostheses: A single-�cent...
	1. Introduction
	2. Methods
	2.1. Patients
	2.2. Re-intervention
	2.3. Statistical analysis

	3. Results
	3.1. Baseline characteristics
	3.2. Intraoperative data
	3.3. Overall femTAVI-VIV vs Redo-AVR
	3.4. Intermediate risk group
	3.5. High risk group
	3.6. Post-procedural hemodynamic results
	3.7. Follow-up period

	4. Discussion
	5. Study limitations
	6. Conclusions
	Appendix A
	References


