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Patients with symptomatic aortic stenosis are often treated with a surgical valve replace-
ment. Surgical bioprosthetic valves degenerate over time and therefore may necessitate a
redo surgery. This analysis reports the 2-year clinical outcomes of the Valve-in-Valve
study, which evaluated transcatheter aortic valve implantation using the CoreValve and
Evolut R devices in patients with degenerated surgical aortic bioprostheses at high risk
for surgery. The prospective Valve-in-Valve study enrolled 202 eligible patients with fail-
ing surgical aortic bioprostheses due to stenosis, regurgitation, or a combination of both.
The Evolut R bioprosthesis was used in 90.5% of valve-in-valve transcatheter aortic valve
implantation cases. Two-year all-cause and cardiovascular mortality rates were 16.5%
and 11.1%, respectively. Other clinical events included stroke (7.9%), disabling stroke
(1.7%), and new pacemaker implantation (10.1%). The 2-year all-cause mortality rate
was significantly higher in patients with discharge mean gradients ≥20 mmHg vs. those
with lower mean gradients (21.0% vs 7.6%, p = 0.025). Discharge mean gradients ≥20 mm
Hg were associated with smaller surgical bioprostheses (OR, 7.2 [95% CI 2.3 to 22.1]. In
patients with failing surgical aortic bioprostheses, valve-in-valve treatment using a supra-
annular self-expanding bioprosthesis provides significant functional improvements with
acceptable rates of complications, especially if a postprocedural mean gradient of <20
mmHg can be achieved. © 2021 Elsevier Inc. All rights reserved. (Am J Cardiol
2021;144:118−124)
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In elderly patients who present with symptomatic, severe
aortic stenosis or regurgitation, the need for valve replace-
ment is required.1,2 The surgical options include mechani-
cal or bioprosthetic valve implants, and the decision is
based primarily on the patient’s age.3 Over time the
bioprosthetic valves degenerate and become less effective,
which results in the need for replacement of the failed bio-
prostheses.4−6 For many patients who are at high risk
for surgery due to age or comorbidities, reoperation is
not feasible. Implantation of a transcatheter bioprosthe-
sis in a failed surgical valve offers a less invasive option
for these patients and has shown good results.7−12 In the
postmarket multicenter Valve-in-Valve (VIVA) trial, eli-
gible symptomatic patients with degenerated aortic
bioprosthesis who underwent elective treatment with a
self-expanding transcatheter aortic valve were evaluated.
One-year results showed improved valve hemodynamics
and low mortality rates, and confirmed the safety and
efficacy of a valve-in-valve (ViV) using the CoreValve
or Evolut R.9 The aim of this study was to evaluate the
2-year clinical outcomes.
Methods

VIVA is a prospective, observational, single-arm, post-
market multicenter study that assessed the safety and effec-
tiveness of ViV transcatheter aortic valve implantation
(TAVI) using a CoreValve or Evolut R bioprosthesis (Med-
tronic, Minneapolis, Minnesota). Details of the inclusion
and exclusion criteria for selection of patients and proce-
dures of the trial have been previously published.9 The pres-
ent analysis evaluated the final 2-year clinical outcomes of
the patients from the VIVA trial. This study complied with
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Figure 1. Patient flow diagram.
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the Declaration of Helsinki, and the research protocol was
approved by each site’s ethics committee according to indi-
vidual national requirements. The Cardiovascular European
Research Center (Massy, France) was responsible for inde-
pendent site management, monitoring, and clinical events
committee adjudication.

The primary safety end point for this study was cardio-
vascular death 30 days post-procedure. Secondary end
points were defined according to Valve Academic Research
Consortium-2 (VARC II) criteria13; clinical outcomes
included peri-procedural myocardial infarction, major and
minor access site complications, major bleeding, stroke,
acute kidney injury stage II/III, and new pacemaker implan-
tation. Echocardiograms were completed at screening, dis-
charge, and 1-year post-procedure. Two-year echo data
were not collected in this study. Echocardiograms were
analyzed by an independent core laboratory (Mayo Clinic,
Rochester, Minnesota).14

For the present analysis, expected patient-prothesis mis-
match (PPM) was determined for each patient based on
instruction for use and valve hemodynamic performance of
preexisting surgical valve size and the patient’s body surface
area. PPM was defined using the VARC II definitions for
patients with body mass index (BMI) <30 kg/m2 (severe
PPM: effective orifice area index (EOAi) ≤0.65 cm2/m2; mod-
erate PPM : 0.65cm2/m2 ≤ EOAi ≤ 0.85 cm2/m2; and no
PPM: EOAi >0.85 cm2/m2) and for patients with BMI ≥30
kg/m2 (severe PPM: EOAi <0.60 cm2/m2; moderate PPM:
0.60 cm2/m2 ≤ EOAi ≤ 0.70 cm2/m2; and no PPM : EOAi
>0.70 cm2/m2). Valve fracturing prior to a ViV procedure
was uncommon practice during patient accrual for this trial
and was not captured in this study.

The analytic cohort comprised all patients undergoing
attempted ViV. Categorical variables are presented as
the number of subjects (%) and were compared using
the chi-square test, while continuous variables are pre-
sented as mean § SD or median (interquartile range)
and were compared using independent samples t-tests or
analysis-of-variance F test (for 3 or more group compar-
isons). Patients were stratified by discharge mean gradi-
ent ≥20 mm Hg vs <20 mm Hg, true inner aortic
diameter (≤20 mm vs >20 mm), and failure mode (ste-
notic, regurgitant, or combined). Clinical outcomes at
2 years are reported as Kaplan-Meier estimates in time-
to-event analyses, and subgroups were compared using
the log-rank test. The Kaplan-Meier estimate of all-
cause mortality stratified by discharge mean gradient
was landmarked at day 14 to exclude patients who died
or were censored before discharge. No statistical techni-
ques were used to impute missing data. Subjects with
missing data were not included in the corresponding
portion of the analysis. The number of subjects included
in each analysis is reported. For predictors of 2-year
mortality, a complete list of variables included in the
univariable analysis are provided in Supplemental Table
1. Predictors of 2-year mortality were analyzed after dis-
charge (Supplementary Table 1) and after 1 year (Sup-
plemental Table 2). In the multivariable Cox
proportional hazard model, candidate variables were
selected from univariable predictors with a p value
≤0.20. The final stepwise method with thresholds for
entry and exit required a p value of 0.15. All testing
used a 2-sided alpha level of 0.05. Statistical analyses
were performed using SAS version 9.4 (SAS Institute,
Cary, North Carolina).
Results

From November 2014 to June 2016 a total of 202
patients were enrolled and underwent attempted implant
(Figure 1). Patient demographics are shown in Table 1.
Patients in this trial had a mean age of 79.9 § 7.2 years.
The mean Society of Thoracic Surgeons score was 6.6 §
5.1%, and the mean European System for Cardiac Opera-
tive Risk Evaluation score (EuroSCORE) was 25.0 §
14.3%. Most patients were in New York Heart Association
(NYHA) functional class III or IV (71%). The comorbid-
ities of hypertension (84%) and chronic obstructive pulmo-
nary disease (21%) were among the most pronounced in the
trial patients.9

As previously described, 17 deaths occurred post-proce-
dure through 12 months.9 There were an additional 15
deaths between 12 months and 2 years, resulting in an all-
cause mortality rate of 16.5% with cardiovascular mortality
at 11.1% (Figure 2). Two-year mortality was not signifi-
cantly different when stratified by true inner diameter
(≤20 mm vs >20 mm, p = 0.866) (Figure 2). There was no
relationship found between expected PPM and 2-year mor-
tality (Supplementary Figure 1). Two-year mortality was
significantly associated with discharge mean gradients
≥20 mm Hg compared with mean gradients <20 mm Hg
(21.0% vs 7.6%, p = 0.025) (Figure 2). Discharge mean



Table 1

Baseline characteristics according to failure mode of surgical valve

Bioprostheses Failure Mode

Characteristic All (N=202) Stenosis (N=114) Regurgitation (N=46) Combined (N=42) p Value

Age (years) 79.9 § 7.2 79.4 § 7.1 80.1 § 8.6 81.1 § 5.6 0.446

BSA (m2) 1.8 § 0.2 1.8 § 0.2 1.8 § 0.2 1.8 § 0.2 0.780

Men 96 (48%) 51 (45%) 27 (59%) 18 (43%) 0.221

STS-PROM (%) 6.6 § 5.1 6.4 § 4.6 6.1 § 4.9 7.6 § 6.5 0.335

Diabetes mellitus 53 (26%) 36 (32%) 7 (15%) 10 (24%) 0.096

History of hypertension 167/200 (84%) 94 (83%) 39/44 (89%) 34 (81%) 0.568

Peripheral vascular disease 28 (14%) 15 (13%) 6 (13%) 7 (17%) 0.840

Previous stroke 10 (5%) 10 (9%) 0 0 0.017

Previous transient ischemic attack 5 (3%) 2 (2%) 2 (4%) 1 (2%) 0.602

Chronic lung disease/COPD 42 (21%) 26 (23%) 5 (11%) 11 (26%) 0.152

Percutaneous coronary intervention 54 (27%) 36 (32%) 11 (24%) 7 (17%) 0.155

Balloon valvuloplasty 12 (6%) 9 (8%) 0 3 (7%) 0.123

Previous myocardial infarction 22 (11%) 15 (13%) 3 (7%) 4 (10%) 0.531

NYHA classification 0.536

I 7/198 (3%) 7/113 (6%) 0/45 0/40

II 51/198 (26%) 26/113 (23%) 11/45 (24%) 14/40 (35%)

III 108/198 (55%) 64/113 (57%) 25/45 (56%) 19/40 (47%)

IV 32/198 (16%) 16/113 (14%) 9/45 (20%) 7/40 (18%)

Surgical valve age (years) 9.3 § 4.4 8.9 § 4.4 9.7 § 3.5 9.9 § 5.0 0.339

Failed bioprosthetic surgical valve 0.035

Stented 188 (93%) 108 (95%) 39 (85%) 41 (98%)

Stentless 14 (7%) 6 (5%) 7 (15%) 1 (2%)

Homograft 0 0 0 0

Bioprosthesis labeled size (mm) 22.7 § 2.1 22.6 § 2.0 23.2 § 2.2 22.5 § 2.0 0.172

≤21 84/201 (42%) 48 (42%) 16 (35%) 20 (48%) 0.151

>21 and <25 65/201 (32%) 39 (35%) 12 (26%) 14 (33%)

≥25 52/201 (26%) 26 (23%) 18 (39%) 8 (19%)

Calcified aorta 0.065

None 71/159 (45%) 34/85 (40%) 22/41 (54%) 15/33 (46%)

Mild 56/159 (35%) 28/85 (33%) 17/41 (41%) 11/33 (33%)

Moderate 25/159 (16%) 16/85 (19%) 2/41 (5%) 7/33 (21%)

Severe 7/159 (4%) 7/85 (8%) 0/41 0/33

Bioprosthesis valve internal diameter (mm) 20.9 § 2.7 21.0 § 2.7 21.0 § 3.0 20.4 § 2.3 0.425

<20 70/171 (41%) 40/96 (42%) 15/40 (37%) 15/35 (43%) 0.719

≥20 and <23 60/171 (35%) 32/96 (33%) 14/40 (35%) 14/35 (40%)

≥23 41/171 (24%) 24/96 (25%) 11/40 (28%) 6/35 (17%)

Values are mean § SD, n (%). Denominators are presented if different from column headers. BSA = body surface area, COPD = chronic obstructive pul-

monary disease, NYHA =New York Heart Association, STS-PROM = Society of Thoracic Surgeons Predicted Risk of Mortality.
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gradients of ≥20 mm Hg were shown to be associated with
female sex and smaller size of a patient’s first bioprosthesis
(Table 2). Similarly, smaller transcatheter valve sizes were
associated with discharge mean gradients ≥20 mm Hg
(Table 2).

Two-year all-cause mortality rates were similar across
the 3 surgical aortic valve (SAV) failure modes (p = 0.257),
although the rate was numerically higher in patients with a
stenotic SAV (20.4%) compared with regurgitation (11.2%)
or a combined failure mode (12.2%) (Figure 2). However,
cardiovascular death at 2 years was significantly different
across the 3 SAV failure modes of stenosis (15.9%), regur-
gitation (5.0%), or a combination (4.9%, p = 0.050)
(Table 3).

The 2-year stroke rate was 7.9%, which increased by 2
patients from the 1-year follow-up; both were disabling
strokes (1.7%). At 2 years there were 2 additional prosthetic
valve endocarditis cases (1.8%) and 1 additional prosthetic
valve thrombosis case (1.6%) reported. The pacemaker rate
remained unchanged at 10.1% at 2 years (Table 3). Two-
year NYHA functional class remained predominately class
I or II with no class IV reported (91.0% in class I/II and
9.0% in class III, Figure 3).

Multivariable analysis of mortality showed that a dis-
charge mean gradient of ≥20 mmHg, low BMI , and
NYHA functional classification IV were indicators of
increased risk for all-cause mortality between 14 days and
2 years (Figure 4). The expected PPM was not shown to be
related to mortality during this time period. Univariable
analysis of mortality between 1 and 2 years shows only age
as a predictor for 2-year mortality. A full list of variables
from the univariable model at discharge and 1 year can be
found in Supplementary Tables 1 and 2.
Discussion

This analysis of patients who underwent a TAVI ViV pro-
cedure using a supra-annular, self-expanding CoreValve or

www.ajconline.org


Figure 2. Clinical outcomes after valve-in-valve transcatheter aortic valve implantation (TAVI). (A) Kaplan-Meier all-cause mortality and cardiovascular mortality

time to event curves through 2 years. (B) Kaplan-Meier estimates for all-cause mortality through 2 years stratified by true inner diameter (≤20 vs >20 mm). (C)

Kaplan-Meier estimates of all-cause mortality through 2 years stratified by discharge mean gradient (<20 mmHg vs ≥20 mmHg). Data for discharge mean gradient

were landmarked at day 14. (D) Kaplan-Meier estimates of all-cause mortality through 2 years stratified by surgical valve failure mode.
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Table 2

Characteristics associated with discharge mean gradient

Discharge

Mean

Gradient

<20 mm Hg

(N=100)

Discharge

Mean

Gradient

≥20 mm Hg

(N=51)

p Value

Baseline characteristic

Men 51 (51%) 17 (33%) 0.039

STS score (%) 6.5 § 4.9 7.2 § 6.4 0.489

SAV age (years) 9.8 § 4.5 8.4 § 3.5 0.041

Size of first bioprosthesis (mm) 23.2 § 2.0 21.7 § 1.7 <0.001
≤21 28/99 (28%) 32 (63%)

>21 and <25 41/99 (41%) 14 (27%)

≥25 30/99 (30%) 5 (10%)

Post-procedure characteristics

CoreValve (mm) 0.033

23 1/9 (11%) 3/4 (75%)

26 6/9 (67%) 1/4 (25%)

29 2/9 (22%) 0/4

31 0/9 0/4

Evolut R (mm) <0.001
23 51/91 (56%) 41/47 (87%)

26 29/91 (32%) 4/47 (9%)

29 11/91 (12%) 2/47 (4%)

Values are mean § SD or n (%). Denominators are presented if different

from column headers. SAV = surgical aortic valve, STS = Society of Tho-

racic Surgeons.
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Evolut R bioprosthesis confirms the safety and sustainable
effectiveness of these devices for treatment of surgical valve
failure through 2 years and provides further insights on the
importance of improved hemodynamics after TAVI. This
Table 3

Two-year clinical outcomes

Variable All (N=202) Stenosis (N=1

Outcome

All-cause mortality 32 (16.5%) 22 (20.4%

Cardiovascular 21 (11.1%) 17 (15.9%

Non-cardiovascular 11 (6.1%) 5 (5.4%)

Peri-procedural myocardial infarction 1 (0.5%) 0

Access-site complication 14 (7.0%) 9 (7.9%)

Major access site

complication

3 (1.5%) 2 (1.8%)

VARCII bleeding 39 (20.0%) 21 (19.6%

Life-threatening bleeding 2 (1.2%) 1 (1.3%)

Major bleeding 21 (10.8%) 11 (10.1%

Acute kidney injury 3 (1.7%) 3 (3.1%)

Stage II or III 2 (1.2%) 2 (2.2%)

Prosthetic valve endocarditis 3 (1.8%) 2 (2.1%)

Prosthetic valve thrombosis 3 (1.6%) 1 (0.9%)

Coronary artery obstruction

requiring intervention

5 (2.5%) 2 (1.8%)

All stroke 15 (7.9%) 12 (11.4%

Disabling stroke 3 (1.7%) 3 (3.2%)

New pacemaker implantation* 20 (10.1%) 14 (12.7%

New pacemaker implantationy 20 (12.0%) 14 (15.8%

Values are number of patients with events (%), depicted as Kaplan-Meier event

* Includes patients with baseline pacemaker.
yExcludes patients with baseline pacemaker. VARC-II = Valve Academic Resea
report highlights several key findings: 1, Low 2-year rates of
all-cause and cardiovascular mortality after ViV treatment
were observed; 2, tThere was no association between surgical
valve size or failure mode and risk for mortality through
2 years; and 3, discharge mean gradients ≥20 mm Hg were
associated with a greater risk of all-cause mortality between
14 days and 2 years compared with a discharge mean gradient
<20 mm Hg.

The present analysis showed that patients with higher
discharge mean gradients were more commonly female and
their failed surgical valve was predominantly ≤21 mm.
Small failed surgical valves require implantation of small
transcatheter replacement valves, resulting in a greater like-
lihood of larger than desired mean gradients across the aor-
tic valve area.8,10,15 Mean gradients ≥20 mm Hg after a
ViV TAVI have been found to be associated with increased
mortality11 and were more common in patients that had
small failed surgical valves due to small aortic valve area.8

In this study 63% of patients who had a discharge mean gra-
dient ≥20 mm Hg also had a first bioprosthesis ≤21 mm,
highlighting the association between small original valve
size and increased mean gradients and consistent with
observations by Deeb et al, who also noted the importance
of surgical valve size on post-procedure hemodynamics
where patients with small surgical valves were more likely
to have mean gradients ≥20 mm Hg at discharge and 1
month.10

Previous studies have also shown an association between
SAV failure mode and increased mean gradients, where
SAV failure due to stenosis was shown to be associated
with increased mean gradients after a TAVI procedure.10 In
this study the association of SAV failure mode and all-
cause mortality was not significant. However, it is worth
Bioprostheses Failure Mode

14) Regurgitation (N=46) Combined (N=42) p Value

) 5 (11.2%) 5 (12.2%) 0.257

) 2 (5.0%) 2 (4.9%) 0.050

3 (6.5%) 3 (7.6%) 0.830

0 1 (2.4%) 0.149

2 (4.3%) 3 (7.1%) 0.719

0 1 (2.4%) 0.614

) 12 (26.1%) 6 (14.4%) 0.406

1 (2.2%) 0 0.640

) 6 (13.0%) 4 (9.9%) 0.831

0 0 0.282

0 0 0.420

1 (2.4%) 0 0.660

1 (2.2%) 1 (2.6%) 0.751

2 (4.3%) 1 (2.4%) 0.641

) 2 (4.4%) 1 (2.6%) 0.131

0 0 0.280

) 2 (4.3%) 4 (9.5%) 0.303

) 2 (5.0%) 4 (10.5%) 0.229

rates.

rch Consortium-2.
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Figure 3. New York Heart Association (NYHA) classification at baseline, 1 year, and 2 years.

Figure 4. Multivariable predictors of 2-year mortality. Discharge mean gradient (MG) ≥20 mmHg, low body mass index (BMI), and New York Heart Asso-

ciation (NYHA) class IV are significant multivariable predictors of 2-year mortality. Data for discharge mean gradient were landmarked at day 14. A full list

of variables included in the univariable model are provided in Supplemental Table 1.
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noting that of the 32 patients with all-cause mortality
events, 22 of them had a surgical valve fail due to stenosis.
Similar findings were reported in the 1-year paper for the
VIVA study, where mortality was numerically higher in
patients with SAV failure mode of stenosis.9 Tuzcu et al
found that mean gradients in patients with stenotic original
bioprostheses were higher after a ViV TAVI compared
with patients with regurgitation or combined SAV failure
mode.15 Considering our findings of higher mortality in
patients with higher mean gradient post-procedurally, this
could explain our findings of higher cardiovascular mortal-
ity according to the SAV failure mode.16

In this study patients with discharge mean gradients
≥20 mm Hg had a significantly higher rate of all-cause mor-
tality at 2 years, which was associated with female sex and
smaller failed surgical valves. This emphasizes that the valve
size used in patients for both surgical and replacement valve
procedures impacts long-term outcomes in patients and con-
firms observations that the largest valve size possible should
be chosen to optimize outcomes in patients with symptom-
atic severe aortic stenosis.10 Contemporary practice often
includes ring fracturing, which was not common practice at
the time of the VIVA study and was not performed.

The NYHA class at discharge was shown to be a predic-
tor of mortality among patients who underwent a ViV
TAVI, where patients in NYHA class IV had a higher rate
of mortality than those in a lower class. Patients who
received a ViV TAVI had major improvements in NYHA
class at 1 year,9 and these improvements were maintained
through 2 years, demonstrating the long-term benefits and
functional improvement patients can receive from a ViV
TAVI.17

The 2-year clinical outcomes of patients with a failing
surgical aortic valve bioprosthesis demonstrate that ViV
TAVI using the self-expanding CoreValve and Evolut R
devices was safe and clinically effective. Nonetheless, the
2-year all-cause mortality and cardiovascular mortality
were significantly higher in patients with a discharge mean
gradient ≥20 mm Hg, primarily among those who received
smaller implanted valves, calling for an effort to minimize
the post-procedural valvular gradients. Thus, the catheter-
based ViV TAVI procedure using the supra-annular self-
expanding devices is a viable treatment option for patients
suffering from degenerated bioprosthetic surgical valves.

There are several limitations to the VIVA study. At the
time this study was conducted there were no standardized
best practices to guide performance of the ViV procedures.
Therefore, procedural details such as use of post-dilation and
target implant depth were left to the treating physician. Addi-
tionally, implant depth was not collected in this study, which
prevents analysis of implant depth-related outcomes. The
experimental technique of bioprosthetic ring fracture, aimed
to diminish post-procedural gradients, was not engaged in
the VIVA protocol; thus, its impact on post-procedural valve
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gradients or overall outcomes has not been assessed in the
current study. Finally, echocardiograms were not collected at
the 2-year follow-up, limiting any analysis of hemodynamic
measurements out to 2 years.
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