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Valve-in-Valve Transcatheter Aortic Valve
Replacement Versus Redo Surgical Aortic
Valve Replacement for Failed Surgical Aortic
Bioprostheses: A Systematic Review and
Meta-Analysis
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BACKGROUND: In the absence of randomized controlled trials, reports from nonrandomized studies comparing valve-in-valve
implantation (ViV) to redo surgical aortic valve replacement (rAVR) have shown inconsistent results.

METHODS AND RESULTS: PubMed/MEDLINE, Google Scholar, and CENTRAL (Cochrane Central Register of Controlled Trials)
were searched through December 2021. Meta-Analysis of Observational Studies in Epidemiology guidelines were followed.
The protocol was registered at the International Prospective Register of Systematic Reviews. Random effects models were
applied. The primary outcomes of interest were short-term and midterm mortality. Secondary outcomes included stroke,
myocardial infarction, acute renal failure, and permanent pacemaker implantation, as well as prosthetic aortic valve regurgi-
tation, mean transvalvular gradient, and severe prosthesis-patient mismatch. Of 8881 patients included in 15 studies, 4458
(50.2%) underwent ViV and 4423 (49.8%) rAVR. Short-term mortality was 2.8% in patients undergoing ViV compared with
5.0% in patients undergoing rAVR (risk ratio [RR] 0.55 [95% ClI, 0.34-0.91], P=0.02). Midterm mortality did not differ in patients
undergoing ViV compared with patients undergoing rAVR (hazard ratio, 1.27 [95% CI, 0.72-2.25]). The rate of acute kidney
failure was lower following ViV, (RR, 0.54 [95% ClI, 0.33-0.88], P=0.02), whereas prosthetic aortic valve regurgitation (RR, 4.18
[95% CI, 1.88-9.3], P=0.003) as well as severe patient—prothesis mismatch (RR, 3.12 [95% Cl, 2.35-4.1], P<0.001) occurred
more frequently. The mean transvalvular gradient was higher following ViV (standard mean difference, 0.44 [95% CI, 0.15—
0.72], P=0.008). There were no significant differences between groups with respect to stroke (P=0.26), myocardial infarction
(P=0.93), or pacemaker implantation (P=0.21).

CONCLUSIONS: Results of this meta-analysis demonstrate better short-term mortality after ViV compared with rAVR. Midterm
mortality was similar between groups. Given the likely selection bias in these individual reports, an adequately powered mul-
ticenter randomized clinical trial with sufficiently long follow-up in patients with low-to-intermediate surgical risk is warranted.
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CLINICAL PERSPECTIVE
What Is New?

e |n this meta-analysis of 15 observational stud-
ies including 8881 patients with failed surgical
bioprosthetic aortic valves, redo surgical aortic
valve replacement was associated with similar
midterm mortality as compared with valve-in-
valve transcatheter aortic valve replacement
(ViV) despite a decreased short-term mortality
of ViV.

e The mean transvalvular gradient was higher in
patients who underwent ViV and prosthetic aor-
tic valve regurgitation as well as severe patient—
prothesis mismatch occurred more frequently
following ViV.

e There were no significant differences between
groups with respect to stroke, myocardial in-
farction, or pacemaker implantation, whereas
the rate of acute kidney failure was lower follow-
ing ViV.

What Are the Clinical Implications?

e ViVis a safe procedure with good clinical short-
term outcomes, whereas redo surgical aortic
valve replacement leads to better hemodynamic
performance.

e The early safety advantages of ViV should be
weighed against a potential midterm benefit of
redo surgical aortic valve replacement.

¢ In the absence of randomized controlled trials,
patients with failed surgical bioprosthetic aortic
valves should be treated at heart valve centers
with a muiltidisciplinary heart team approach
discussing the best treatment option for the in-
dividual patient.

Nonstandard Abbreviations and Acronyms

AS aortic stenosis
rAVR redo aortic valve replacement
Viv transcatheter valve-in-valve implantation

ortic stenosis (AS) is the most common valvular
Ageart disease in the Western world.! Aortic valve re-
lacement, with conventional surgical or transcath-
eter techniques, is the only effective treatment option in
symptomatic patients.>® The vast majority of patients
undergoing surgical valve replacement currently receive
a bioprosthesis, with an increasing number of biopros-
theses being implanted in younger patients.* Structural
valve deterioration leading to restenosis or regurgitation
or both is the main limitation of bioprosthetic valves, par-
ticularly in younger patients.>®
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Valve-in-Valve Versus Redo Valve Replacement

Two options currently exist to treat failed surgical
aortic bioprostheses: transcatheter valve-in-valve im-
plantation (ViV) or redo surgical aortic valve replace-
ment (rAVR). In the absence of randomized controlled
trials, reports from nonrandomized studies comparing
ViV to rAVR and previous meta-analyses have shown
inconsistent results, and thus evidence supporting one
strategy over the other is lacking.”?? Therefore, the
aim of this systematic review and meta-analysis is to
provide a comprehensive review of current evidence
focusing on the comparison of ViV to rAVR in patients
presenting with failed surgical bioprosthetic aortic
valves.

METHODS

The analysis can be accessed as an R Markdown doc-
ument from the first author upon request.

Based on guidelines for conducting Meta-Analysis
of Observational Studies in Epidemiology, three inves-
tigators (M.R., PT.B., D.K.) searched medical literature
databases of PubMed/Medline, CENTRAL (Cochrane
Central Register of Controlled Trials), and Google
Scholar through December 2021, using the Medical
Subject Headings terms Aortic Valve/abnormalities,
Aortic Valve/therapy, Heart Valve Prosthesis/adverse
effects, Reoperation/adverse effects, Reoperation/
methods, Reoperation/therapeutic use, Reoperation/
therapy, Bioprosthesis/therapy, and Transcatheter
Aortic Valve Replacement.?® Added search terms in
either title or abstract or keyword fields were (failure
or degeneration) and (valve-in-valve or reoperation
or rAVR), and aortic valve AND valve-in-valve OR re-
operation OR redo surgery. Key words used were
aortic valve, degeneration, failure, heart, prosthesis,
redo, reoperation, and valve-in-valve. Reference lists
from review articles and eligible studies were further
checked to identify additional citations. Studies eligi-
ble for inclusion compared ViV to rAVR in patients with
failed surgical bioprostheses and reported at least all-
cause mortality at <30days. No restrictions on publi-
cation date and language were applied (Figure 1). Risk
of overlapping groups of patients was present in 4
Studies.9,10,16,20

Data Acquisition and Outcome Measures
Data were independently extracted by 2 investigators
(M.R. and S.dW-T) using a standardized Microsoft
Excel spreadsheet. This included study characteristics,
baseline information, and outcome data. Discrepancies
between researchers were resolved by consensus.
The primary outcomes of interest were (1) short-
term mortality defined as operative, in-hospital, or
30-day all-cause mortality; and (2) midterm mortality
defined as all-cause mortality at the longest follow-up
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Records identified through database Additional records identified through other
searching sources
(n=3458) (n=135)

Records after duplicates removed
(n=1619)

Records screened
(n=1619)

Records excluded
(n=1424)

Full-text articles excluded
(n=180)

59 articles were single-arm studies
37 articles not available

Full-text articles assessed for eligibility
(n=196)

26 results did not enable differentiation
20 review articles

13 outside scope
13 conference abstracts included as articles
5 case series <10
4 editorials
3 not English
1 emergency case reported

Full-text articles included in systematic
review
(n=16)

15 studies included in meta-analysis

(1 study excluded due to regulatory limitations on data access)

Figure 1. Flow diagram of the study selection process.

available. Secondary outcomes of interest included
procedural outcome measures including stroke, myo-
cardial infarction, acute renal failure, and permanent
pacemaker implantation, as well as hemodynamic out-
come including prosthetic aortic valve regurgitation,
mean transvalvular gradient, and severe prosthesis-
patient mismatch (defined as indexed effective orifice
area <0.65cm?/m?). If a study performed propensity
score matching, data of the matched cohorts were in-
cluded for further analysis. Clinical events were ana-
lyzed according to study-specific definitions.

Statistical Analysis

Baseline characteristics containing demographics and
medical history were tabulated by treatment group for
each study. Continuous variables were summarized
as mean and SD or median and interquartile range
as they were reported originally for each study. Binary
outcomes were captured by calculating risk ratios (RR)
and 95% Cls. A treatment arm continuity correction
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was applied in studies with zero cell frequencies.?*
Mean transvalvular gradient was captured by calcu-
lating the standard mean difference using Hedges’ g.
The Sidik-Jonkman estimator was used to estimate
the between-study variance tau? and the Q-profile
method for Cl of tau? and tau.?>?% A random effects
meta-analysis was conducted with the Hartung-Knapp
method to adjust test statistics and Cls. Heterogeneity
was analyzed using Cochran’s Q-test and the I sta-
tistics. In addition, heterogeneity was assessed using
both outlier analysis and analysis of influential cases.
Studies with 95% ClI outside the 95% CI of the pooled
effect size were defined as outliers. Analysis of influ-
ential cases was conducted using the Leave-One-Out
method and Baujat plots. Possible publication bias was
evaluated using Egger’s test for funnel plot asymmetry
as well as Duval and Tweedie’s trim-and-fill-method.
Risk of bias was summarized for observational stud-
ies as recommended.?” Univariable meta-regressions
were performed using mixed effects considering
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relevant baseline patients characteristics. An alpha of
<0.1 was considered significant. Midterm survival was
evaluated using hazard ratios (HR) and 95% Cls, which
were estimated using methods by Parmar et al (1998) if
not reported in publications.?®

Statistical analysis was performed using base R
functions (R version 3.6.3) within RStudio (version
1.2.1153) as well as the following R packages: meta,
dmetar, metafor, robvis, tidyverse, knitr, and rmarkdown.

RESULTS

Characteristics of the Included Studies

In the absence of randomized trials, 16 observa-
tional studies published between 2015 and 2020 were
identified.”??> Ten studies reported midterm mortality
as Kaplan—Meier estimates. One study was excluded
owing to limited presentation of outcome data to the ob-
served absolute risk reduction in ViV versus rAVR, and
no further information on the actual event rates could
be obtained following contact with the correspond-
ing author because of local data privacy policies.??
Consequently, 15 studies were included in the meta-
analysis (Figure 1). Characteristics of each study are de-
picted in Table. Five studies were multicenter analyses
and 10 studies enrolled all patients at a single institu-
tion. Six studies performed propensity score matching.
Risk ratios were calculated for binary outcomes from the
number of events and sample sizes from adjusted or un-
adjusted data, depending on whether propensity score
matching was applied in the individual report. HRs used
were adjusted or unadjusted, depending on whether the
P values were derived from the log-rank tests originating
from propensity score matched cohorts.

A total of 8881 patients were included with 4458
(50.2%) undergoing ViV and 4423 (49.8%) who under-
went rAVR. Mean age was 77+2.5years in patients with
ViV and 70+6.0years in patients with rAVR. Baseline
characteristics of the individual studies are displayed in
Table S1. Outcome definitions of individual studies are
listed in Table S2. The overall risk of bias was moderate
(Figure S1).

Mortality
Short-term mortality was assessed at 30days in 10
studies, whereas 5 studies reported operative/inter-
ventional or in-hospital mortality (Table S2). Short-term
mortality was lower in patients undergoing ViV versus
those undergoing rAVR (2.8% versus 5.0%; RR, 0.55
[95% ClI, 0.34-0.91], P=0.02, Figure 2A). The predic-
tion interval for the result of a future trial ranged from
0.10 to 3.01 and the probability to observe a beneficial
effect in patients undergoing ViV was 78%.

Data on midterm mortality were reported in 10 stud-
ies, of which 1 could not be included because of a

J Am Heart Assoc. 2022;11:e7965. DOI: 10.1161/JAHA.121.024848

Valve-in-Valve Versus Redo Valve Replacement

log-rank P value of 1.0." The 9 studies analyzed con-
sisted of 2773 patients, with a maximum follow-up du-
ration of 5years (Table S2). Midterm mortality was not
different in patients with ViV as compared with rAVR
(HR, 1.27 [95% CI, 0.72-2.2], P=0.37; Figure 2B). The
prediction interval for the result of a future trial ranged
from 0.24 to 6.69 and the probability to observe a ben-
eficial effect in patients undergoing ViV was 37%.

Procedural Outcomes

Acute kidney injury occurred less frequently fol-
lowing ViV as compared with rAVR (RR, 0.54 [95% ClI,
0.33-0.88], P=0.01; Figure 3A). The reported incidence
of stroke was low for both groups, without significant
differences in patients undergoing ViV as compared
with those treated by rAVR (RR, 0.73 [95% Cl, 0.41-1.3],
P=0.26; Figure S2A). Similarly, the rate of myocardial
infarction (1.0% versus 1.1%, RR, 0.98 [95% ClI, 0.55—
1.70], P=0.93; Figure S2B), and permanent pacemaker
implantation (RR, 0.76 [95% CI, 0.48-1.19], P=0.21;
Figure S2C) did not differ between groups. Exclusion
of the influential study by Deharo et al resulted in lower
rates of pacemaker implantation in patients who had
ViV (RR, 0.64 [95% Cl, 0.43-0.95], P=0.03).1°

Hemodynamic Outcomes

At least mild prosthetic aortic valve regurgitation (RR,
418 [95% ClI, 1.88-9.3], P=0.003; Figure 3B) and se-
vere patient-prothesis mismatch (RR, 3.12 [95% CI,
2.35-41], P<0.001; Figure 3C) occurred more fre-
quently in patients with ViV compared with rAVR. The
mean aortic valve gradient was higher following ViV as
compared with rAVR (standard mean difference, 0.44
[95% ClI, 0.15-0.72], P=0.008; Figure 3D).

Propensity Score Matched Analyses

In 6 studies, propensity score matching was performed
resulting in 7476 matched patients. Analyses limited to
matched cohorts confirmed the results with respect
to mortality. Short-term mortality was 2.6% in patients
who underwent ViV versus 5.5% in patients with rAVR
(RR, 0.45 [95% ClI, 0.29-0.69], P=0.005, Figure S3A).
Data on midterm mortality in matched patients were
available for 3 studies. Midterm mortality did not differ
between groups (HR, 1.04 [95% ClI, 0.5-2.2], P=0.82),
(Figure S3B).

Metaregression on Short-Term Mortality

Using univariable metaregression including a detailed
set of baseline parameters (Table S3), only the per-
centage of patients with rAVR and prior myocardial in-
farction (coefficient of beta=—0.0624, P=0.056; P value
of residual heterogeneity=0.15) and the year of publi-
cation (coefficient of beta=-0.2868, P=0.047; P value
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Table. Characteristics of the Included Studies
Number of patients
according to treatment
strategy n (%)
Year of )
Study publication Center Country Design Enrollment period viv rAVR
Cizmic et al’ 2021 Single center Germany Nonmatched 2009-2019 73/90 (81) 17/90 (19)
Dokollari et al® 2021 Single center Canada Nonmatched 2010-2018 31/88 (37) 57/88 (63)
Hirji et al® 2020 Multicenter United States* PMS 2012-2016 2181/4362 2181/4362
(50) (50)
Deharo et al'® 2020 Multicenter France! PMS 2010-2019 717/1434 (50) 717/1434 (50)
Malik et al' 2020 Multicenter United States* PMS 2012-2016 710/1420 (50) 710/1420 (50)
Patel et al'? 2020 Single center United States Nonmatched 2012-2019 187/273 (69) 86/273 (31)
Woitek et al'® 2020 Single center Germany No-matched 2006-2017 147/258 (57) 111/258 (43)
Stankowski 2020 Single center Germany PMS 2003-2018 30/60 (50) 30/60 (50)
et al
Sedeek et al'® 2019 Single center United States Nonmatched 2008-2018 90/350 (26) 260/350 (74)
Spaziano et al'® 2017 Multicenter Canada and PMS 2007-2015 78/156 (50) 78/156 (50)
Europe®
Grubitzsch 2017 Single center Germany Nonmatched 2010-2015 27/52 (52) 25/52 (48)
etal”
Silaschi et al'® 2016 Multicenter Germany Nonmatched 2002 (rAVR)/2008 71/130 (55) 59/130 (45)
and United (Viv)-2015
Kingdomll
Ejiofor et al'® 2016 Single center United States PMS 2002-2015 22/44 (50) 22/44 (50)
Erlebach et al?° 2015 Single center Germany Nonmatched 2001-2014 50/102 (49) 52/102 (51)
Santarpino 2016 Single center Germany Nonmatched 2010-not reported 6/14 (43) 8/14 (57)
et al!

PMS indicates propensity-score matching; rAVR, redo aortic valve replacement; and ViV, transcatheter valve-in-valve implantation.

*Nationwide based on National Readmission Database.

fFrench Programme de Médicalisation des Systémes d’Information (Mandatory Administrative Database).

*National Inpatient Sample Database.

SAntwerp, Belgium; Catania, Italy; Munich, Germany; Lille, France; Copenhagen, Denmark; Montreal, Canada; Bonn, Germany.

ILondon, United Kingdom; Hamburg, Germany.

of residual heterogeneity=0.37) remained inversely as-
sociated with the effect size considering short-term
mortality. The coefficients did not change much in a
metaregression considering both covariables.

DISCUSSION

Our meta-analysis of 15 cohort studies investigating
clinical outcome of ViV versus rAVR in patients with
failed surgical bioprosthetic aortic valves indicates
lower short-term mortality following ViV versus rAVR.
The incidence of acute renal failure was also lower in
patients who underwent ViV, whereas postinterven-
tional aortic valve regurgitation and severe patient-
prosthesis mismatch occurred more frequently, and
mean aortic valve gradients were higher, in the group
with ViV. No differences with respect to stroke, myo-
cardial infarction, and pacemaker implantation were
observed. Despite the decreased short-term mortality,
midterm survival did not differ.

AS is the most common valvular disease in devel-
oped countries.! Because of the rising age of the popu-
lation, the incidence of AS is increasing. If left untreated,
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the prognosis of patients with symptomatic severe AS
is dismal.?® Therefore, current guidelines recommend
surgical or transcatheter aortic valve replacement
using mechanical or bioprosthetic valves in symptom-
atic patients, as well as asymptomatic patients with
specific risk factors.>® Each type of valve prosthesis
has associated risks and benefits. Mechanical valves
require lifelong anticoagulation, which increases the
risk of hemorrhage and thromboembolism, whereas
bioprosthetic valves are associated with a higher risk of
severe hemodynamic valve dysfunction due to struc-
tural valve deterioration.®°

Based on reports of improved durability of biologi-
cal prostheses and changing patient preferences, the
treatment of AS has shifted favoring bioprostheses.
The majority of patients undergoing surgical valve re-
placement in developed countries currently receives
a bioprosthesis, with limited prosthesis durability.3'-32
In addition, the largest growth in bioprosthetic use
has been observed in younger patients, who are at
increased risk of subsequent structural valve dete-
rioration.®"3% Finally, quoted bioprosthetic structural
valve deterioration rates historically obtained from
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Test for overall effect: t13 = -2.59 (P =.02)

B Viv
Source

Redo

Test for overall effect: tg = 0.96 (P = .37)

A Viv Redo
Source Deaths Total Deaths Total RR (95% ClI) Favours ViV Favours rAVR
Hirji et al. 2020° 61 2181 109 2181 0.56 [0.41; 0.76]
Deharo et al. 2020'° 26 717 52 717 0.50[0.32; 0.79] -
Malik et al. 2020" 7 710 35 710 0.20[0.09; 0.45] ——
Patel et al. 20202 3 187 1 86 1.38[0.15; 13.07] — =
Woitek et al. 20202 7 147 5 111 1.06[0.34; 3.24] _.’—I:
Sedeek etal. 2019"° 2 90 7 260 0.83[0.17; 3.90] :
Spaziano etal. 2017'® 3 78 5 78 0.60[0.15; 2.42] —a—
Cizmic et al. 20217 0 73 3 17 0.06[0.01; 0.64] =
Silaschi etal. 2017'® 3 71 3 59  0.83[0.17; 3.96] —
Stankowski et al. 2020™* 1 30 3 30 0.33[0.04; 3.03] -
Erlebach et al. 2015%° 2 50 0 52  5.08[0.26; 100.82] =
Dokollari et al. 20212 0 31 4 57  0.14[0.00; 4.16] = :
Grubitzsch et al. 2017"7 3 27 2 25 1.39[0.25; 7.64] -
Ejiofor et al. 2016"° 0 22 1 22  0.33[0.01; 7.75] -
Total 4414 4405 0.55[0.34; 0.91] -
Prediction Interval [0.10; 3.01] I_I—I —
Heterogeneity: xf3:16.16(P:.24), I? = 20% 0.01 0.1 051 2 10 20

Deaths Total Deaths Total HR (95% CI)

Deharo et al. 2020 170 717 147 717 1.22[1.01; 1.47] 0.040 .

Patel et al. 20202 6 187 3 86 0.70[0.19; 2.60] 0.600 -

Woitek et al. 2020 13 147 11 111 0.88[0.40; 1.96] 0.760 -

Sedeek etal. 2019 19 90 49 260 1.18[0.62; 2.23] — E

Spaziano et al. 2017 9 78 10 78  0.89[0.36; 2.19] 0.800 :

Erlebach et al. 2015%° 7 50 2 52  8.97[2.43; 33.13] < 0.001 : —a—
Silaschi etal. 2017'® 5 46 4 51 1.000 §

Dokollari et al. 2021® 5 31 4 57  2.99[0.81;11.06] 0.100 : »

Stankowski et al. 2020'* 14 30 14 30 0.67[0.32; 1.40] 0.287 B

Grubitzsch et al. 2017"7 5 27 4 25 1.23[0.33; 4.53] 0.760 =

Total 1403 1467 1.27[0.72; 2.25] _—

Prediction Interval [0.24; 6.69] : : : : : |
Heterogeneity: y2 = 15.04 (P = .06), I* = 47% 0.2 05 1 2 5 10 20

RR (95% Cl)

P-value Favours ViV Favours rAVR

HR (95% Cl)

Figure 2. Risk estimates of mortality for ViV versus rAVR.

Forest plots show results for short-term (A) and midterm mortality (B). HR indicates hazard ratio; rAVR, redo aortic valve replacement;

RR, risk ratio; and ViV, transcatheter valve-in-valve implantation.

retrospective studies may underestimate the true
incidence of severe hemodynamic valve failure.3
Consequently, an increasing number of patients will
require rAVR or ViV treatment in the coming years.

Similar to the treatment of native AS, the therapeutic
options to replace the failed surgical aortic valve in-
clude surgical rAVR as well as the transcatheter-based
approach of ViV. Despite the increasing number of ViV
procedures that are being performed, evidence with
respect to safety and efficacy of ViV versus rAVR in
failed surgical aortic bioprostheses is limited to ex-
treme and high surgical risk patients with no surgical
option. In the absence of randomized clinical trials, de-
cision making in patients with failed surgical aortic bio-
prosthesis remains based on local expertise, individual
patient and valve characteristics, and shared decision
making.?3

J Am Heart Assoc. 2022;11:e7965. DOI: 10.1161/JAHA.121.024848

The current finding of a lower mortality rate within
the first 30days after ViV was observed even though
patients with ViV were older and had a higher preva-
lence of comorbidities in nonmatched studies. This un-
derlines the safety of the ViV procedure, whereas rAVR
has a greater upfront risk owing to the more invasive
nature of surgery. The lower rate of acute kidney failure
in patients with ViV supports this assumption.

Other periprocedural outcome parameters such as
stroke, myocardial infarction, or need for permanent
pacemaker implantation did not differ between groups.
In contrast, we observed better hemodynamic perfor-
mance of rAVR as compared with ViV with a more than
2-fold decrease of prosthetic aortic valve regurgitation
and a more than 3-fold decrease of severe patient—
prothesis mismatch and significantly lower mean aortic
valve gradients in the early peri-interventional period.
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A Viv Redo
Source Failure Total Failure Total RR (95% CI) Favours ViV Favours rAVR
Hirji et al. 2020° 451 2181 495 2181 0.91[0.81; 1.02]
Malik et al. 2020 95 710 155 710 0.61[0.49; 0.77] ]
Patel et al. 2020'2 2 187 3 86  0.31[0.05; 1.80] e
Woitek et al. 2020™ 8 147 19 111 0.32[0.14; 0.70] .
Sedeek etal. 2019'° 4 90 49 260 0.24[0.09; 0.64] —
Spaziano et al. 2017 3 78 9 78  0.33[0.09; 1.19] —m——
Cizmic et al. 20217 25 73 5 17 1.16[0.52; 2.60] -’
Silaschi etal. 2017'® 2 71 8 59  0.21[0.05; 0.94] ——
Stankowski et al. 2020™* 0 30 3 30 0.14[0.01; 2.65] -
Erlebach et al. 2015%° 6 50 1 52 6.24[0.78; 50.00] —
Dokollari et al. 2021° 3 31 9 57  0.61[0.18; 2.10] —a—
Grubitzsch et al. 2017"7 4 27 8 25 0.46[0.16; 1.35] .
Ejiofor et al. 2016'° 2 2 1 22 2.00[0.20; 20.49] =
Santarpino et al. 2016' 0 2 6 8 0.12[0.00; 7.80]
Total 3699 3696 0.54[0.33; 0.88] -
Prediction Interval [0.10; 3.04] [ : ‘ _‘ I ‘
Heterogeneity: x2; = 35.66 (P <.001), /2 = 64% 0.01 0.1 051 2 10 25
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Figure 3. Risk estimates of secondary nonfatal clinical and hemodynamic outcome for ViV versus rAVR.

Forest plots show results for acute renal failure (A), prosthetic aortic valve regurgitation (B), severe patient-prosthesis
mismatch (C), and mean aortic valve gradient (D). rAVR indicates redo aortic valve replacement; RR, risk ratio; SMD,
standard mean difference; and ViV, transcatheter valve-in-valve implantation.
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This appears to be explained by differing technical
approaches: whereas the sewing ring of the failed
bioprosthesis is used to anchor the stent of a tran-
scatheter prosthesis, rAVR allows complete explanta-
tion of the failed prosthesis including the sewing ring
and struts. Theoretically, this could translate into a net
benefit with regard to patients’ outcomes in the longer
term because of the favorable hemodynamic perfor-
mance of rAVR. We therefore sought to compare mid-
term mortality following the acute peri-interventional
period in the 2 groups of patients.

Here, we observed that survival did not differ be-
tween patients, possibly indicating a late catch-up of
events. Based on the total hazard ratio, these data
demonstrate that it is entirely possible that rAVR may
outperform ViV in the longer term. The prediction inter-
val, on the other hand, shows a wide range of potential
outcome scenarios, again confirming the lack of high-
quality data currently available. The main challenge in
comparing these 2 interventions lies in the dissimilarity
between the groups, in which higher risk patients—
older with more comorbidities—are those who have
been considered for ViV. Although propensity score
matching was performed in the majority of the lat-
est publications, complete elimination of the inherent
selection bias cannot be achieved by any statistical
method but a randomized clinical trial.

Another possible explanation may be worse he-
modynamic performance associated with ViV proce-
dures. Previous studies have shown an association
between prosthetic aortic valve regurgitation as well
as severe patient—prothesis mismatch and late mor-
tality.®>3 Nevertheless, the duration of follow-up in the
current analysis was limited, with half of the included
studies reporting follow-up at <1 year, which may not
be long enough to observe the full spectrum of late
events due to the worse hemodynamic profile in pa-
tients with ViV. The largest study giving insight into
midterm outcome included 1434 matched patients
with an intermediate operative risk (EuroSCORE I
4.7%) and a median follow-up duration of 516 days.!°
At 2years, the survival curves of patients with ViV
and rAVR for all-cause death crossed. This resulted in
lower, although statistically nonsignificant, event rates
for rAVR at the end of follow-up despite better early
outcomes in patients who underwent ViV. The early
safety advantages of ViV should therefore be weighed
against a potential midterm benefit of rAVR. This is a
well-known clinical scenario in cardiovascular care be-
cause interventional, less invasive therapeutic strate-
gies tend to be associated with improved short-term
outcome, whereas the greater upfront risk of surgical
approaches may be attenuated or even converted into
a net benefit in the long term. When 2 treatment op-
tions with different hazard risk profiles exist, properly
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designed randomized clinical trials are warranted in
order to guide therapeutic decisions.3”

Several meta-analyses have been performed com-
paring ViV with rAVR. The current analysis, however,
is the most recent and includes all available data.
Further, it demonstrates similar survival at midterm fol-
low-up, possibly indicating a late catch-up of events. If
this is because of the worse baseline profile of patients
with ViV or also related to impaired hemodynamic per-
formance of ViV remains unclear. We believe that we
need a randomized clinical trial before applying ViV as
a treatment option in patients with failed aortic bio-
prostheses at low to intermediate surgical risk.

In contrast to our observations, a recent meta-analysis
by Sé et al demonstrated lower rates of stroke and pace-
maker implantation in patients who underwent ViV ver-
sus rAVR.®8 Further, prosthetic aortic valve regurgitation
did not differ between groups. We could not include the
analysis of Tam et al owing to local policies at the in-
vestigating institution. In addition, we provide a detailed
insight into hemodynamic performance of ViV and rAVR
(eg, mean aortic valve gradient) as well as clinical out-
come (eg, midterm, subanalyses of matched cohorts).

Current international guidelines state that ViV is
a reasonable alternative to rAVR in patients with in-
creased surgical risk.>® However, the class of recom-
mendation as well as the level of evidence is moderate
(European guidelines lla C, American guidelines 2a
B-NR). Further, it is recommended that these pro-
cedures ought to be performed at comprehensive
heart valve centers and that a multidisciplinary heart
team discusses every patient and chooses the best
individualized approach. The current findings support
these recommendations. They also emphasize that
an adequately powered randomized trial in patients of
low-to-intermediate surgical risk with sufficiently long
follow-up is warranted.

Limitations

The current meta-analysis includes nonrandomized
retrospective studies and is subject to the inherent
weaknesses of observational data. The results should
therefore be interpreted with caution. Further, defini-
tions of secondary outcome parameters such as acute
renal failure and stroke as well as prosthetic aortic valve
regurgitation varied among the individual studies or
were not reported. In addition, clinically relevant valve-
related factors such as valve size, design, or mode
of deterioration were rarely reported and may have
influenced the results. There was no adjudication of
clinical events by an independent clinical events com-
mittee and echocardiographic results were assessed
at the local institutions without analyses at core labo-
ratories. Finally, a possible double counting of events
by 2 larger studies may affect the interpretation of the
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results, especially the conclusion of similar short-term
outcomes.”® Regarding both the primary and second-
ary outcomes of interest, however, the analysis of influ-
ential cases (see Methods) did not reveal either study
as an influential case, that is, leaving out these studies
would not significantly change the results.

CONCLUSIONS

In patients with failed surgical bioprosthetic aortic
valves, ViV is superior to rAVR with respect to short-
term clinical outcome. At midterm follow-up, however,
survival does not seem to differ, possibly indicating
a late catch-up of events following ViV, which could
be attributed to better hemodynamic performance
of rAVR. A properly designed randomized controlled
trial with sufficiently long follow-up comparing these 2
treatment strategies is warranted in lower risk patients
with failed aortic bioprostheses.

ARTICLE INFORMATION
Received November 25, 2021; accepted October 4, 2022.

Affiliations

Heart Center Leipzig at University of Leipzig, Department of Cardiac Surgery,
Leipzig, Germany (M.R., S.dW., PT.B.,, M.A.B); Smidt Heart Institute,
Department of Interventional Cardiology, Cedars-Sinai Medical Center,
Los Angeles, CA (M.R., N.F,, D.K., R.M.); Department of Cardiac Surgery,
University Hospital Wuppertal, Wuppertal, Germany (D.H.); Institute of Medical
Biometry and Statistics, Faculty of Medicine and Medical Center, University
of Freiburg, Germany (G.S.); Tel Aviv Sourasky Medical Center affiliated to the
Sackler faculty of Medicine, Department of Cardiology, Tel Aviv University, Tel
Aviv, Israel (N.F.); Department of Medicine, Khon Kaen University, Khon Kaen,
Thailand (D.K.); Shaare Zedek Medical Center, Hebrew University, Jerusalem,
Israel (D.D.); Department of Cardiac Surgery, University of Michigan, Ann
Arbor, MI (G.A)); and Heart Center Leipzig at University of Leipzig, Department
of Cardiology, Leipzig, Germany (M.A., H.T)).

Sources of Funding
None.

Disclosures

M.A.B. declares that his hospital receives speakers’ honoraria and/or con-
sulting fees on his behalf from Edwards Lifesciences, Medtronic, Abbott, and
Cryolife (ie, modest relationship). M.A.W. declares that his hospital receives
speakers’ honoraria and/or consulting fees on his behalf from Edwards
Lifesciences, Medtronic, Abbott, and CryoLife (ie, modest relationship). R.M.
has received grant support from Edwards Lifesciences; has served as a
consultant for Abbott Vascular, Cordis, and Medtronic; and owns equity in
Entourage Medical. The remaining authors have no disclosures to report. Dr
Makkar has received grant support from Edwards Lifesciences; has served
as a consultant for Abbott Vascular, Cordis, and Medtronic; and owns equity
in Entourage Medical.

Supplemental Material

Tables S1-S3
Figures S1-S3

REFERENCES

1. Ramos J, Monteagudo JM, Gonzalez-Alujas T, Fuentes ME, Sitges M,
Pena ML, Carrasco-Chinchilla F, Echeverria T, Bouzas A, Forteza Alberti
JF, et al. Large-scale assessment of aortic stenosis: facing the next
cardiac epidemic? Eur Heart J Cardiovasc Imaging. 2018;19:1142-1148.
doi: 10.1093/ehjci/jex223

J Am Heart Assoc. 2022;11:e7965. DOI: 10.1161/JAHA.121.024848

18.

Valve-in-Valve Versus Redo Valve Replacement

Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ, lung
B, Lancellotti P, Lansac E, Rodriguez Munoz D, et al. 2017 ESC/EACTS
guidelines for the management of valvular heart disease. Eur Heart J.
2017;38:2739-2791. doi: 10.1093/eurheartj/ehx391

Otto CM, Nishimura RA, Bonow RO, Carabello BA, Erwin JP I, Gentile
F, Jneid H, Krieger EV, Mack M, McLeod C, et al. 2020 ACC/AHA guide-
line for the management of patients with valvular heart disease: a report
of the American College of Cardiology/American Heart Association joint
committee on clinical practice guidelines. Circulation. 2021;143:35—
e71. doi: 10.1161/CIR.0000000000000932

Brown JM, O'Brien SM, Wu C, Sikora JA, Griffith BP, Gammie JS.
Isolated aortic valve replacement in North America comprising 108,687
patients in 10years: changes in risks, valve types, and outcomes in the
Society of Thoracic Surgeons National Database. J Thorac Cardiovasc
Surg. 2009;137:82-90. doi: 10.1016/j.jtcvs.2008.08.015

Rahimtoola SH. Choice of prosthetic heart valve in adults an update. J
Am Coll Cardiol. 2010;55:2413-2426. doi: 10.1016/j.jacc.2009.10.085
Bourguignon T, Bouquiaux-Stablo AL, Candolfi P, Mirza A, Loardi C, May
MA, El-Khoury R, Marchand M, Aupart M. Very long-term outcomes of
the Carpentier-Edwards Perimount valve in aortic position. Ann Thorac
Surg. 2015;99:831-837. doi: 10.1016/j.athoracsur.2014.09.030

Cizmic A, Kuhn E, Eghbalzadeh K, Weber C, Rahmanian PB, Adam
M, Mauri V, Rudolph T, Baldus S, Wahlers T. Valve-in-valve TAVR ver-
sus redo surgical aortic valve replacement: early outcomes. Thorac
Cardiovasc Surg. 2021. Online ahead of print.

Dokollari A, Cameli M, Mandoli GE, Kalra DS, Poston R, Coku L,
Pernoci M, Miri M, Bonacchi M, Gelsomino S. Early and midterm clin-
ical outcomes of transcatheter valve-in-valve implantation versus redo
surgical aortic valve replacement for aortic bioprosthetic valve degen-
eration: Two faces of the same medal. J Cardiothorac Vasc Anesth.
2021;35:3223-3231. doi: 10.1053/j.jvca.2021.05.029

Hirji SA, Percy ED, Zogg CK, Malarczyk A, Harloff MT, Yazdchi F,
Kaneko T. Comparison of in-hospital outcomes and readmissions
for valve-in-valve transcatheter aortic valve replacement vs. reopera-
tive surgical aortic valve replacement: a contemporary assessment of
real-world outcomes. Eur Heart J. 2020;41:2747-2755. doi: 10.1093/
eurheartj/ehaa252

Deharo P, Bisson A, Herbert J, Lacour T, Etienne CS, Porto A, Theron
A, Collart F, Bourguignon T, Cuisset T, et al. Transcatheter valve-in-valve
aortic valve replacement as an alternative to surgical Re-replacement. J
Am Coll Cardiol. 2020;76:489-499. doi: 10.1016/j.jacc.2020.06.010
Malik AH, Yandrapalli S, Zaid S, Shetty SS, Aronow WS, Ahmad H,
Tang GHL. Valve-in-valve transcatheter implantation versus redo sur-
gical aortic valve replacement. Am J Cardiol. 2020;125:1378-1384. doi:
10.1016/j.amjcard.2020.02.005

Patel PM, Chiou E, Cao Y, Binogo J, Guyton RA, Leshnower B, Grubb
KJ, Chen EP. Isolated redo-aortic valve replacement versus valve-in-
valve transcatheter valve replacement. Ann Thorac Surg. 2021;112:539—
545. doi: 10.1016/j.athoracsur.2020.08.048

Woitek FJ, Stachel G, Kiefer P, Haussig S, Leontyev S, Schiotter F,
Mende M, Hommel J, Crusius L, Spindler A, et al. Treatment of failed
aortic bioprostheses: an evaluation of conventional redo surgery and
transfemoral transcatheter aortic valve-in-valve implantation. Int J
Cardiol. 2020;300:80-86. doi: 10.1016/j.ijcard.2019.09.039
Stankowski T, Aboul-Hassan SS, Seifi Zinab F, Herwig V, Stepinski P,
Grimmig O, Just S, Harnath A, Muehle A, Fritzsche D, et al. Femoral
transcatheter valve-in-valve implantation as alternative strategy for failed
aortic bioprostheses: a single-centre experience with long-term fol-
low-up. Int J Cardiol. 2020;306:25-34. doi: 10.1016/j.ijcard.2020.02.035
Sedeek AF, Greason KL, Sandhu GS, Dearani JA, Holmes DR Jr, Schaff
HV. Transcatheter valve-in-valve vs surgical replacement of failing
stented aortic biological valves. Ann Thorac Surg. 2019;108:424-430.
doi: 10.1016/j.athoracsur.2019.03.084

Spaziano M, Mylotte D, Theriault-Lauzier P, De Backer O, Sondergaard
L, Bosmans J, Debry N, Modine T, Barbanti M, Tamburino C, et al.
Transcatheter aortic valve implantation versus redo surgery for failing
surgical aortic bioprostheses: a multicentre propensity score analysis.
Eurolntervention. 2017;13:1149-1156. doi: 10.4244/E1J-D-16-00303
Grubitzsch H, Zobel S, Christ T, Holinski S, Stangl K, Treskatsch S,
Falk V, Laule M. Redo procedures for degenerated stentless aortic xe-
nografts and the role of valve-in-valve transcatheter techniques. Eur J
Cardiothorac Surg. 2017;51:653-659. doi: 10.1093/ejcts/ezw397
Silaschi M, Wendler O, Seiffert M, Castro L, Lubos E, Schirmer
J, Blankenberg S, Reichenspurner H, Schafer U, Treede H, et al.


https://doi.org//10.1093/ehjci/jex223
https://doi.org//10.1093/eurheartj/ehx391
https://doi.org//10.1161/CIR.0000000000000932
https://doi.org//10.1016/j.jtcvs.2008.08.015
https://doi.org//10.1016/j.jacc.2009.10.085
https://doi.org//10.1016/j.athoracsur.2014.09.030
https://doi.org//10.1053/j.jvca.2021.05.029
https://doi.org//10.1093/eurheartj/ehaa252
https://doi.org//10.1093/eurheartj/ehaa252
https://doi.org//10.1016/j.jacc.2020.06.010
https://doi.org//10.1016/j.amjcard.2020.02.005
https://doi.org//10.1016/j.athoracsur.2020.08.048
https://doi.org//10.1016/j.ijcard.2019.09.039
https://doi.org//10.1016/j.ijcard.2020.02.035
https://doi.org//10.1016/j.athoracsur.2019.03.084
https://doi.org//10.4244/EIJ-D-16-00303
https://doi.org//10.1093/ejcts/ezw397

Raschpichler et al

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

J Am Heart Assoc. 2022;11:e7965. DOI: 10.1161/JAHA.121.024848

Transcatheter valve-in-valve implantation versus redo surgical aortic
valve replacement in patients with failed aortic bioprostheses. Interact
Cardiovasc Thorac Surg. 2017;24:63-70. doi: 10.1093/icvts/ivw300
Ejiofor JI, Yammine M, Harloff MT, McGurk S, Muehlschlegel JD,
Shekar PS, Cohn LH, Shah P, Kaneko T. Reoperative surgical aor-
tic valve replacement versus transcatheter valve-in-valve replace-
ment for degenerated bioprosthetic aortic valves. Ann Thorac Surg.
2016;102:1452-1458. doi: 10.1016/j.athoracsur.2016.05.086

Erlebach M, Wottke M, Deutsch MA, Krane M, Piazza N, Lange R,
Bleiziffer S. Redo aortic valve surgery versus transcatheter valve-in-
valve implantation for failing surgical bioprosthetic valves: consecutive
patients in a single-center setting. J Thorac Dis. 2015;7:1494-1500. doi:
10.3978/j.issn.2072-1439.2015.09.24

Santarpino G, Pietsch LE, Jessl J, Pfeiffer S, Pollari F, Pauschinger M,
Fischlein T. Transcatheter aortic valve-in-valve implantation and suture-
less aortic valve replacement: two strategies for one goal in redo pa-
tients. Minerva Cardioangiol. 2016;64:581-585.

Tam DY, Dharma C, Rocha RV, Ouzounian M, Wijeysundera HC, Austin
PC, Chikwe J, Gaudino M, Fremes SE. Transcatheter ViV versus redo
surgical AVR for the management of failed biological prosthesis: early
and late outcomes in a propensity-matched cohort. JACC Cardiovasc
Interv. 2020;13:765-774. doi: 10.1016/j.jcin.2019.10.030

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D,
Moher D, Becker BJ, Sipe TA, Thacker SB. Meta-analysis of observa-
tional studies in epidemiology: a proposal for reporting. Meta-analysis
of observational studies in epidemiology (MOOSE) group. JAMA.
2000;283:2008-2012. doi: 10.1001/jama.283.15.2008

Sweeting MJ, Sutton AJ, Lambert PC. What to add to nothing? Use
and avoidance of continuity corrections in meta-analysis of sparse data.
Stat Med. 2004;23:1351-1375. doi: 10.1002/sim.1761

IntHout J, loannidis JP, Borm GF. The Hartung-Knapp-Sidik-Jonkman
method for random effects meta-analysis is straightforward and con-
siderably outperforms the standard DerSimonian-Laird method. BMC
Med Res Methodol. 2014;14:25. doi: 10.1186/1471-2288-14-25
Viechtbauer W. Confidence intervals for the amount of heterogeneity in
meta-analysis. Stat Med. 2007;26:37-52. doi: 10.1002/sim.2514

Sterne JA, Hernan MA, Reeves BC, Savovic J, Berkman ND,
Viswanathan M, Henry D, Altman DG, Ansari MT, Boutron |, et al.
ROBINS-I: a tool for assessing risk of bias in non-randomised studies of
interventions. BMJ. 2016;355:i4919.

Parmar MK, Torri V, Stewart L. Extracting summary statistics to perform
meta-analyses of the published literature for survival endpoints. Stat
Med. 1998;17:2815-2834. doi: 10.1002/(SICI)1097-0258(19981230)17:
24<2815::AID-SIM110>3.0.C0O;2-8

Leon MB, Smith CR, Mack M, Miller DC, Moses JW, Svensson LG,
Tuzcu EM, Webb JG, Fontana GP, Makkar RR, et al. Transcatheter

30.

31.

32.

33.

34.

35.

36.

37.

38.

Valve-in-Valve Versus Redo Valve Replacement

aortic-valve implantation for aortic stenosis in patients who cannot
undergo surgery. N Engl J Med. 2010;363:1597-1607. doi: 10.1056/
NEJMoa1008232

Chiang YP, Chikwe J, Moskowitz AJ, ltagaki S, Adams DH, Egorova NN.
Survival and long-term outcomes following bioprosthetic vs mechan-
ical aortic valve replacement in patients aged 50 to 69years. JAMA.
2014;312:1323-1329. doi: 10.1001/jama.2014.12679

Isaacs AJ, Shuhaiber J, Salemi A, Isom OW, Sedrakyan A. National
trends in utilization and in-hospital outcomes of mechanical versus
bioprosthetic aortic valve replacements. J Thorac Cardiovasc Surg.
2015;149:1262-1269 e3.

Etnel JRG, Huygens SA, Grashuis P, Pekbay B, Papageorgiou G, Roos
Hesselink JW, Bogers A, Takkenberg JUM. Bioprosthetic aortic valve
replacement in nonelderly adults: a systematic review, meta-analysis.
Microsimulation Circ Cardiovasc Qual Outcomes. 2019;12:e005481.
doi: 10.1161/CIRCOUTCOMES.118.005481

Dunning J, Gao H, Chambers J, Moat N, Murphy G, Pagano D, Ray
S, Roxburgh J, Bridgewater B. Aortic valve surgery: marked increases
in volume and significant decreases in mechanical valve use--an anal-
ysis of 41,227 patients over Syears from the society for cardiotho-
racic surgery in Great Britain and Ireland National database. J Thorac
Cardiovasc Surg 2011;142:776-782 3.

Salaun E, Mahjoub H, Girerd N, Dagenais F, Voisine P, Mohammadi
S, Yanagawa B, Kalavrouziotis D, Juni P, Verma S, et al. Rate, timing,
correlates, and outcomes of hemodynamic valve deterioration after bio-
prosthetic surgical aortic valve replacement. Circulation. 2018;138:971—
985. doi: 10.1161/CIRCULATIONAHA.118.035150

Pibarot P, Weissman NJ, Stewart WJ, Hahn RT, Lindman BR,
McAndrew T, Kodali SK, Mack MJ, Thourani VH, Miller DC, et al.
Incidence and sequelae of prosthesis-patient mismatch in transcathe-
ter versus surgical valve replacement in high-risk patients with severe
aortic stenosis. J Am Coll Cardiol. 2014,64:1323-1334. doi: 10.1016/].
jacc.2014.06.1195

Kodali S, Pibarot P, Douglas PS, Williams M, Xu K, Thourani V, Rihal CS,
Zajarias A, Doshi D, Davidson M, et al. Paravalvular regurgitation after
transcatheter aortic valve replacement with the Edwards sapien valve
in the PARTNER trial: characterizing patients and impact on outcomes.
Eur Heart J. 2015;36:449-456. doi: 10.1093/eurheartj/ehu384

Borger MA, Raschpichler M, Makkar R. Repeat aortic valve surgery or
transcatheter valve-in-valve therapy: we need a randomized trial. J Am
Coll Cardiol. 2020;76:500-502. doi: 10.1016/j.jacc.2020.06.049

Sa M, Van den Eynde J, Simonato M, Cavalcanti LRP, Doulamis IP,
Weixler V, Kampaktsis PN, Gallo M, Laforgia PL, Zhigalov K| et al. Valve-
in-valve transcatheter aortic valve replacement versus redo surgical
aortic valve replacement: an updated meta-analysis. JACC Cardiovasc
Interv. 2021;14:211-220. doi: 10.1016/j.jcin.2020.10.020

10


https://doi.org//10.1093/icvts/ivw300
https://doi.org//10.1016/j.athoracsur.2016.05.086
https://doi.org//10.3978/j.issn.2072-1439.2015.09.24
https://doi.org//10.1016/j.jcin.2019.10.030
https://doi.org//10.1001/jama.283.15.2008
https://doi.org//10.1002/sim.1761
https://doi.org//10.1186/1471-2288-14-25
https://doi.org//10.1002/sim.2514
https://doi.org//10.1002/(SICI)1097-0258(19981230)17:24<2815::AID-SIM110>3.0.CO;2-8
https://doi.org//10.1002/(SICI)1097-0258(19981230)17:24<2815::AID-SIM110>3.0.CO;2-8
https://doi.org//10.1056/NEJMoa1008232
https://doi.org//10.1056/NEJMoa1008232
https://doi.org//10.1001/jama.2014.12679
https://doi.org//10.1161/CIRCOUTCOMES.118.005481
https://doi.org//10.1161/CIRCULATIONAHA.118.035150
https://doi.org//10.1016/j.jacc.2014.06.1195
https://doi.org//10.1016/j.jacc.2014.06.1195
https://doi.org//10.1093/eurheartj/ehu384
https://doi.org//10.1016/j.jacc.2020.06.049
https://doi.org//10.1016/j.jcin.2020.10.020

SUPPLEMENTAL MATERIAL



TABLES

Table $1 Baseline characteristics according to treatment strategy reported in the individual studies
Hirji et al.® Deharo et al."® Malik et al."! Patel et al."? Woitek et al.”

Viv rSAVR p Viv rSAVR p Viv rSAVR p Viv rSAVR p Viv rSAVR p
Age, years 78.018 77.415 0.58 74.949.7 74.5+£8.2 0.33 73.7£10.4 73.3£8.6 0.73 73+13.1 61.3£14.8 <0.0001 76.2+8.0 58.5+14.4 <0.05
Male gender, % 50 56 0.52 56.1 57.7 0.52 52.8 54.9 0.71 67.9 66.3 0.79 62.6 59.9 >0.05
Cardiovascular risk factors
Arterial Hypertension, % 72 73 1.00 79.4 77.8 0.48 83.1 78.2 0.26 93.6 83.7 0.01 98.0 86.5 >0.05
Hyperlipidaemia, % - - 54.1 52.9 0.63 - - - - - - - - -
Diabetes Mellitus, % 19 15 0.67 31.7 30.3 0.57 324 33.1 0.9 39 34.9 0.51 36.1 16.2 <0.05
Current Smoking, % - - - 13.8 15.2 0.45 - - - - - - - - -
BMI, kg/m? - - - - - - - - - - - - - - -
Medical history
Prior stroke, % 9 12 0.79 5.3 5 0.81 - - - - - - 8.8 7.2 <0.05
Prior PCI, % - - - 14.4 13.5 0.65 - - - - - - 14.3 6.3 -
Prior CABG, % 31 23 0.37 24.8 223 0.26 - - - - - - 32.7 9.9 <0.05
Renal insufficiency, % - - - 15.9 15.2 0.72 26.8 26.8 >0.999 5.9 3.5 0.56 26.6 7.2 <0.05
LV ejection fraction, % - - - - - - - - - - - - 54.5+13.9 | 57.4+£10.2 >0.05
Risk scores
Log EuroSCORE 22.1+16 22.1+18.3 0.99 - - - - - - - - - - - -
EuroScore I - - - 4.7+1 4.7+1 0.46 - - - - - - - - -
STS PROM score 7.2+4.9 5.8+4.6 0.09 - - - - 8.4+7.6 5.5+4.6 0.005 8.316.1 2.842.1 <0.05
Procedural characteristics
Transfemoral access, % 54 - - - - - - - - 84 - - 100 - -
Transapical access, % 31 - - - - - - - - 6 - - 0 - -
Transaortic access, % - - - - - - - - - 1 - - 0 - -
Subclavian access, % - - - - - - - - - - - - 0 - -
Procedure duration, min - - - - - - - - - - 145442 - - - -
CPB time, min - - - - - - - - - - - - - - -
Cross clamp time, min - - - - - - - - - - 105129 - - -

replacement; STS-PROM=Society of Thoracic Surgeons — Predicted Risk of Mortality; ViV=transcatheter valve-in-valve implantation.

BMI=body mass index; CABG=coronary artery bypass grafting; CPB=cardiopulmonary bypass; LV=left ventricular; PCl=percutaneous coronary intervention; rAVR=redo aortic valve




Table $1 Baseline characteristics according to treatment strategy reported in the individual studies (continued
Sedeek et al."® Spaziano et al.'® Silaschi et al."® Erlebach et al.?°

Viv rSAVR p Viv rSAVR p Viv rSAVR p Viv rSAVR p
Age, years 79 (76-83) 72 (63-77) <0.001 78.0+8 77 .45 0.58 78.617.5 72.916.6 0.06 78.1+6.7 66.2+13.1 <0.001
Male gender, % 73 (81) 177 (68) 0.02 50 56 0.52 57.7 61.0 0.44 54 73 0.06
Arterial Hypertension, % 79 (88) 191 (73) 0.005 72 73 1.00 - - - 82 73 0.35
Hyperlipidaemia, % - - - - - - - - - - - -
Diabetes Mellitus, % 25 (28) 57 (22) 0.258 19 15 0.67 11.3 10.2 1.0 20 10 0.17
Current Smoking, % - - - - - - - - - - - -
BMI, kg/m? 28(25-33) | 28(25-32) | 0.37 - - B - B - - -
Prior stroke, % 30 (33) 48 (18) 0.004 9 12 0.79 14.1 10.1 0.6 8 0 0.05
Prior PCI, % - - - - - - - - -
Prior CABG, % 43 (48) 75 (29) 0.001 31 23 0.37 - - - 40 12 <0.001
Renal insufficiency, % - - - - - - - - -
LV ejection fraction, % 56 (45-62) 62 (55-66) <0.001 50.7+13.5 49.5+13.4 0.58 - - - 49.8+13.1 56.7+15.8 0.02
Log EuroSCORE - - - 22.1+16 22.1+18.3 0.99 25.1+18.9 16.8+9.3 <0.01 27.4+18.7 14.4£10 <0.001
EuroScore || - - - - - - - - - - - -
STS PROM score 7.5 (4.9 3(2.1-5.3) | <0.001 7.2¢49 5.8+4.6 0.09 - - - - - -

10.7)
Transfemoral access, % 79 (88) - - 54 - - 49.3 - - 36 - -
Transapical access, % 10 (11) - - 31 - - 46.5 - - 54 - -
Transaortic access, % - - - - - - 4.2 - - 8 - -
Subclavian access, % - - - - - - - - - 2 - -
Procedure duration, min - - - - - - 100+48 27077 <0.01 101146 25176 <0.001
CPB time, min - - - - - - - 126457 - - 110£29 -
Cross clamp time, min - - - - - - 7925 - - 79+19 -

BMI=body mass index; CAB

G=coronary artery

bypass grafting; CPB=cardiopulmonary bypass; LV=left ventricular; PCl=percutaneous coronary

intervention; rAVR=redo aortic valve replacement; STS-PROM=Society of Thoracic Surgeons — Predicted Risk of Mortality; ViV=transcatheter valve-in-

valve implantation.




Table $1 Baseline characteristics according to treatment strategy reported in the individual studies (continued
- 14 - 14
Stankowskl etal, Stankowskl etial, Ejiofor et al."® Grubitzsch et al."” Santarpino et al.?!
(intermediate risk) (high risk)

Viv rSAVR p Viv rSAVR p Viv rSAVR p Viv rSAVR p Viv rSAVR p
Age, years 75.7+4.4 75.844.3 0.97 75.8+3.6 75.843.6 0.32 75+9.6 74.5£10.4 0.75 75.349.9 60+8.6 0.06 80.2+2.3 78.843 0.35
Male gender, % 40 70 0.06 30 50 0.36 63.6 59.1 1.00 - - - 66.7 25 0.16
Cardiovascular risk factors
Arterial Hypertension, % 90 95 0.55 90 90 1.0 95.5 90.9 1.0 - - - - - -
Hyperlipidaemia, % 80 75 0.705 90 60 0.12 - - - - - - - - -
Diabetes Mellitus, % 20 35 0.29 70 70 1.0 45.5 22.7 0.2 - - - 83.3 62.5 0.41
Current Smoking, % 10 5 0.55 10 10 1.0 - - - - - - - - -
BMI, kg/m? 27.3+4.6 28.5+4.5 0.86 29.8 28.9 0.60 25.9+4.4 28.1+6.3 0.05 - - - - - -
Medical history
Prior stroke, % 10 5 0.55 30 10 0.26 8 0 0.05 - - - - - -
Prior PCI, % - - - - - - - - - - - -
Prior CABG, % 40 20 0.17 70 30 0.07 40 12 <0.001 - - - - - -
Renal insufficiency, % 85 65 0.14 10 10 1.0 59 16 0.006 33.3 37.5 0.66
LV ejection fraction, % 56.2+8.7 58.0+7.1 0.48 45.3+14.7 52.7+12 0.23 49.8+13.1 56.7+15.8 0.02 - - - 53+13 58420 0.57
Risk scores
Log EuroSCORE - - - - - - 27.4+18.7 14.4+10 <0.001 51 52 0.75 33.8+13.8 36.4+24 1 0.81
EuroScore I 5.8+1.5 5.8+1.4 0.93 15.845.3 13.6+3.6 0.3 - - - 13.0+10.4 8.9+6.5 0.05 - - -
STS PROM score - - - - - - - - - - - - - - -
Procedural characteristics
Transfemoral access, % 100 - - 100 - - 36 - - 93 - - - - -
Transapical access, % 0 - - 0 - - 54 - - 7 - - - - -
Transaortic access, % 0 - - 0 - - 8 - - - - - - - -
Subclavian access, % 0 - - 0 - - 2 - - - - - - - -
Procedure duration, min 64154 210474 <0.001 63+34 194453 <0.001 101+46 251176 <0.001 92429 212+59 - - - -
CPB time, min - 99+45 - - 78+26 - - 110+29 - - 125+36 - - - -
Cross clamp time, min 89+35 - 64+15 - - 79+19 - - 101125 - - - -

BMI=body mass index; CABG =coronary artery bypass graftlng, CPB=cardiopulmonary bypass; LV=left ventricular; PCl=percutaneous coronary intervention; rAVR=redo aortic valve

replacement; STS-PROM=Society of Thoracic Surgeons — Predicted Risk of Mortality; ViV=transcatheter valve-in-valve implantation.




Table $1 Baseline characteristics according to treatment strategy reported in the individual studies (continued)

Dokollari et al.® Cizmiz et al.”

Viv rSAVR p Viv rSAVR p
Age, years 79.06£7.4 | 67.2+14.1 <0.01 78.0£7.4 62.1+16.2 0.01
Male gender, % 43.8 64.7 0.12 56.1 57.7 0.52
Cardiovascular risk factors
Arterial Hypertension, % 90.3 82.5 0.49 95.9 52.7 <0.001
Hyperlipidaemia, % 87.1 73.7 0.23 65.8 29.4 0.006
Diabetes Mellitus, % 22.6 28.1 0.79 42.5 11.8 0.02
Current Smoking, % 22.6 40.4 0.14 9.6 23.5 0.11
BMI, kg/m? 27.3+4.9 27.7+6.3 0.45 27.0+5.0 25.945.0 0.43
Medical history
Prior stroke, % 16.1 31.6 0.18 12.3 0 0.13
Prior PCI, % - - - - - -
Prior CABG, % 32.3 17.5 0.19 - - -
Renal insufficiency, % - - - 53.4 23.5 0.03
LV ejection fraction, % 49.0+14.0 | 50.1£12.8 0.62 51.4£12.0 51.1£12.0 0.22
Risk scores
Log EuroSCORE - - - - - -
EuroScore Il 9.5+7.3 11.0+£9.3 0.42 - - -
STS PROM score - - - 6.4+3.1 6.4+3.2 -
Procedural characteristics
Transfemoral access, % 83.1 5.2 <0.01 84.9 - -
Transapical access, % 9.7 0 0.01 9.6 - -
Transaortic access, % 3.2 0 0.75 5.5 - -
Subclavian access, % 3.2 3.5 1.00 - - -
Procedure duration, min 85+25 251481 <0.01 91135 221147 -
CPB time, min - 110441 - 118436 -
Cross clamp time, min - 88134 - 72118 -

BMI=body mass index; CABG=coronary artery bypass grafting; CPB=cardiopulmonary
bypass; LV=left ventricular; PCl=percutaneous coronary intervention; rAVR=redo aortic
valve replacement; STS-PROM=Society of Thoracic Surgeons — Predicted Risk of
Mortality; ViV=transcatheter valve-in-valve implantation.



Table S2

Reported outcomes and definitions

Dokollari Cizmiz Hirji Deharo Malik Patel Woitek Stankowski
etal® etal.’ etal.® etal.' etal.'! et al." etal.” etal.™
+
Short-term + + + + + (in-hospital + +
mortality (30 days) (in-hospital) (30 days) (30 days) (in-hospital) or within 30 (30 days) (30 days)
days)
Long-term +
mortality (1.2¢1.8
+ + years for . .
(mean 3 - - (760£795 - rAVR (1 year) (5 years)
years) days) 1.4+1.5 y y
years for
ViV)
+
(stroke and
+
Stroke (definition * TIA based (aII-c;use - (defi:ition * *
(VARC-2) on ICD-9-CM ’ (VARC-2) (VARC-2)
not reported) VARC-2) not reported)
and ICD-10-
CM)
Myocardial * (ICD 0, ICD (defi:ition * *
infarction (VARC-2) 10) not reported) (VARC-2) (VARC-2)
p +
Pacemaker + + + + (ICD-9, ICD- + + +
implantation 10)
+ + b +d + +
Renalfailure ) _(acute _ (acute Coo.om - (ICD-9, ICD- * _ (acute N
idney injury | kidney injury (dialysis) kidney injury (dialysis)
1-i11) Il and ICD-10- 10) 11111y
CM codes)
+ + + + +
Aortic (mild, (mild, (mild, (mild, (mild,
regurgitation moderate, moderate, ) ) ) moderate, moderate, moderate,
severe) severe) severe) severe) severe)
Severe +
patient- (iEOA <0.65 - - - - - + -
prothesis cm2/m2) (VARC-2)
mismatch

ICD=International Classification of Diseases; iEOA=indexed effective orifice area; rAVR= redo aortic valve replacement; RIFLE=Risk, Injury, Failure, Loss of kidney function,
and End-stage kidney disease; STS-PROM=Society of Thoracic Surgeons — Predicted Risk of Mortality; TIA=transient ischemic attack; VARC=Valve Academic Research
Consortium; ViV=transcatheter valve-in-valve implantation.



Table S2

Reported outcomes and definitions (continued)

Sedeek et Spaziano Grubitzsch Silaschi Ejiofor Erlebach Santarpino
al.”s etal.'® etal.'” etal.”® etal.’ etal.? etal.?!
Short-term + + + + + + +
mortality (operative) (30 days) (30 days) (30 days) (operative) (30 days) (in-hospital)
Long-term
mortality . + + - . +
* (1 year) (1 year) (180 days) (data (1 year) (2113
(2.1 years, y y Y inconclusive) y months)
IQR 1.2-4.2)
k * * * VARC-2 it * fnit
Stroke (definion | (VARC2) | (vARc2) | (ARC2 (definition | A\Rc.py | (definition
isabling) not reported) not reported)
not reported)
Myocardial - * * * - * (defi:ition
infarction (VARC-2) (VARC-2) (VARC-2 (VARC-2)
not reported)
!”acemakc_-,\r . . + + + +
implantation +
+ + +
Renal failure + + (acute (acute (definition + +
(RIFLE I-111) (dialysis) kidney injury | kidney injury (dialysis) (dialysis)
11-111) 11-111) not reported)
+ + + + +
Aortic + (mild, (mild, (mild, (mild, (mild,
regurgitation (moderate or ) moderate, moderate, moderate, moderate, moderate,
severe) severe) severe) severe) severe) severe)
Severe
patient- + - + + - - +
prothesis (iEOA =0.65 (iEOA =<0.65 (iEOA =<0.65 (iIEOA =0.65
mismatch cma2/mz) cmaz/mz) cmaz/mz) cmz/mz)

ICD=International Classification of Diseases; iEOA=indexed effective orifice area; rAVR= redo aortic valve replacement; RIFLE=Risk, Injury, Failure, Loss of kidney function,
and End-stage kidney disease; STS-PROM=Society of Thoracic Surgeons — Predicted Risk of Mortality; TIA=transient ischemic attack; VARC=Valve Academic Research
Consortium; ViV=transcatheter valve-in-valve implantation.



Table S3 List of Variables Included in Meta-Regression

CoNOORWN=

Year of publication

N in experimental group

N<100 in experimental group

Average age of patients undergoing ViV

Average age of patients undergoing rAVR

Percentage of patients with hypertension in patients undergoing ViV
Percentage of patients with hypertension in patients undergoing rAVR
Percentage of patients with diabetes mellitus in patients undergoing ViV
Percentage of patients with diabetes mellitus in patients undergoing rAVR

. Percentage of patients with chronic kidney disease in patients undergoing ViV

. Percentage of patients with chronic kidney disease in patients undergoing rAVR

. Percentage of patients with peripheral vascular disease in patients undergoing ViV

. Percentage of patients with peripheral vascular disease in patients undergoing rAVR

. Percentage of patients with atrial fibrillation in patients undergoing ViV

. Percentage of patients with atrial fibrillation in patients undergoing rAVR

. Percentage of patients with prior pacemaker in patients undergoing ViV

. Percentage of patients with prior pacemaker in patients undergoing rAVR

. Percentage of patients with coronary artery disease in patients undergoing ViV

. Percentage of patients with coronary artery disease in patients undergoing rAVR

. Percentage of patients with prior myocardial infarction in patients undergoing ViV

. Percentage of patients with prior myocardial infarction in patients undergoing rAVR

. Percentage of patients with prior stroke in patients undergoing ViV

. Percentage of patients with prior stroke in patients undergoing rAVR

. Percentage of patients with prior coronary artery bypass graft in patients undergoing ViV
. Percentage of patients with prior coronary artery bypass graft in patients undergoing rAVR
. Percentage of patients with prosthesis stenosis in patients undergoing ViV

. Percentage of patients with prosthesis stenosis in patients undergoing rAVR

. Percentage of patients with prosthesis regurgitation in patients undergoing ViV

. Percentage of patients with prosthesis regurgitation in patients undergoing rAVR

. Percentage of patients with combined prosthesis dysfunction in patients undergoing ViV
. Percentage of patients with combined prosthesis dysfunction in patients undergoing rAVR
. Average LV-EF in patients undergoing ViV

. Average LV-EF in patients undergoing rAVR

. Percentage of females in patients undergoing ViV

. Percentage of females in patients undergoing rAVR

LV-EF=left ventricular ejection fraction; rAVR= redo aortic valve replacement; ViV=transcatheter valve-in-valve implantation.



Figure S1

Figure S2

Figure S3

FIGURE LEGENDS

Risk of bias assessment

Risk estimates of secondary non-fatal clinical endpoints for ViV versus rAVR

Forest plots show results for stroke (A), myocardial infarction (B), and need for pacemaker implantation (C).

ViV = transcatheter valve-in-valve implantation; rAVR = redo aortic valve replacement; RR = risk ratio; Cl = confidence interval.

Risk estimates of short-term and Mid-term mortality for ViV versus rAVR in studies with propensity score

matching

Forest plots show results for short-term mortality (A) and mid-term mortality (B).

ViV = transcatheter valve-in-valve implantation; rAVR = redo aortic valve replacement; RR = risk ratio; Cl = confidence interval.



Bias due to confounding

Bias due to selection of participants

Bias in classification of interventions

Bias due to deviations from intended interventions

Bias due to missing data

Bias in measurement of outcomes

Bias in selection of the reported result

Overall risk of bias

Risk of Bias Assessment
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Figure S1
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