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A B S T R A C T

Background: Transcatheter aortic valve implantation is safe and effective for high-risk patients with bioprosthetic
valve failure (BVF) but has not been studied in low- and intermediate-risk patients. One year outcomes of the
PARTNER 3 Aortic Valve-in-valve (AViV) Study were evaluated.
Methods: This prospective, single-arm, multicenter study enrolled 100 patients from 29 sites with surgical BVF.
The primary endpoint was a composite of all-cause mortality and stroke at 1 year. The key secondary outcomes
included mean gradient, functional capacity, and rehospitalization (valve-related, procedure-related, or heart
failure related).
Results: A total of 97 patients underwent AViV with a balloon-expandable valve from 2017 to 2019. Patients were
79.4% male with a mean age of 67.1 years and Society of Thoracic Surgeons score of 2.9%. The primary endpoint
occurred in 2 patients (2.1%) who had strokes; there was no mortality at 1 year. Five patients (5.2%) had valve
thrombosis events, and 9 patients (9.3%) had rehospitalizations, including 2 (2.1%) for strokes, 1 (1.0%) for heart
failure, and 6 (6.2%) for aortic valve reinterventions (3 explants, 3 balloon dilations, and 1 percutaneous para-
valvular regurgitation closure). From baseline to 1 year, New York Heart Association class III/IV decreased from
43.3% to 4.5%, mean gradient from 39.1 � 18.2 mm Hg to 19.7 � 7.6 mm Hg, and �moderate aortic regurgi-
tation from 41.1% to 1.1%.
Conclusions: AViV with a balloon-expandable valve improved hemodynamic and functional status at 1 year and
can provide an additional therapeutic option in selected low- or intermediate-risk patients with surgical BVF,
although longer term follow-up is necessary.
A B B R E V I A T I O N S AVR, aortic valve replacement; BVF, bioprosthetic valve failure; CT, computed tomography; ID, internal diameter;
KCCQ, Kansas City Cardiomyopathy Questionnaire; NYHA, New York Heart Association; PVR, Paravalvular
regurgitation; STS, Society of thoracic Surgeons; TAVI, transcatheter aortic valve implantation; ViV, valve-in-valve.
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Introduction

Bioprosthetic valves after surgical aortic valve replacement (AVR) are
subject to bioprosthetic valve failure (BVF), most commonly caused by
calcification or wear of the leaflets, termed structural valve deterioration,
and less commonly caused by pannus ingrowth or valve thrombosis.1,2

Coupled with increased use of surgical bioprostheses over the past 2
decades,1 the number of patients with failing surgical bioprostheses is
expected to increase, especially in younger patients.3

International guidelines now recommend transcatheter aortic valve
implantation (TAVI) as a treatment option for high-risk patients with
BVF4,5 based on data collected from studies in the patient subgroup.6-8

Aortic valve-in-valve (ViV) in patients with BVF who are at low or in-
termediate risk for reoperative AVR has not been studied and is currently
not a labeled transcatheter heart valve indication for use. Here, we report
the 1-year results of the PARTNER 3 Aortic ViV Study, which is the first to
examine the safety and efficacy of aortic ViV with a balloon-expandable
transcatheter heart valve in a low- or intermediate-risk cohort of patients.

Material and Methods

Study Population and Design

The PARTNER (Placement of Aortic Transcatheter Valves) 3 Trial
included a ViVmulticenter registry that prospectively enrolled patients at
intermediate or lower surgical risk with failing aortic bioprosthetic
valves (NCT03003299). The institutional review boards of all partici-
pating sites approved the study protocol before patient enrollment in
compliance with the Declaration of Helsinki, and written informed
consent was obtained for all patients. The study had 2 arms, one for
failing surgical valves and the other for failing transcatheter valves. Our
study will focus only on the failing surgical valve arm, which allowed for
the enrollment of 100 patients.

Baseline imaging by computed tomography (CT) or transesophageal/
transthoracic echocardiography was obtained for all patients. All echo-
cardiograms and CT scans were interpreted at a core laboratory. Patients
screened for the enrollment in the registry were assessed by a multidis-
ciplinary heart team for key inclusion criteria, including a failing surgical
aortic bioprosthetic valve demonstrating �moderate stenosis and/or
regurgitation with a true internal diameter (ID) of 16.5-28.5 mm—as
calculated by a ViV application by Bapat et al.9—and low and interme-
diate surgical risk defined as Society of Thoracic Surgeons (STS) score
Figure 1. Design of the PARTNER 3 Aortic Valve-in-Valve Study. This registry
bioprosthesis at low or intermediate risk for surgery with anatomy suitable for TF a
Abbreviations: STS, Society of Thoracic Surgeons; TAVI, transcatheter aortic valve i
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<8%. Selection was adjudicated by a case review board. The Vancouver
method, which has been described previously,10 was used for predicting
the risk of coronary occlusion. In brief, a virtual transcatheter valve (at
the size of implant) was centered within the basal ring of each surgical
valve, and the distance between the edge of the virtual transcatheter
valve and the coronary ostia was measured.

The key anatomic exclusion criteria included severe regurgitation
(>3þ) or stenosis of any other valve, �moderate aortic paravalvular
regurgitation (PVR), increased risk of coronary obstruction by prosthetic
leaflets of the failing valve, surgical or transcatheter valve in the mitral
position (exception: mitral rings), known residual mean gradient >20
mm Hg at the end of the index surgical AVR procedure, severe left ven-
tricular dysfunction (left ventricular ejection fraction <30%), and
vascular anatomy not suitable for safe femoral access. The key clinical
exclusion criteria included acute myocardial infarction within 1 month,
stroke or transient ischemic attack within 90 days, untreated significant
coronary artery disease requiring revascularization, renal insufficiency
(estimated glomerular filtration rate <30 mL/min) and/or renal
replacement therapy, hemodynamic or respiratory instability, and plan-
ned concomitant surgical or transcatheter ablation for atrial fibrillation
(not including percutaneous coronary intervention). Follow-up was
planned for 30 days, 6 months, and annually through 10 years (Figure 1).

Outcomes

The primary outcomewas a composite endpoint of all-cause mortality
and stroke at 1-year post-procedure. The secondary endpoints at 1 year
included rehospitalization (defined as valve related, procedure related,
or heart failure related), mean and peak echocardiographic transaortic
gradients, Kansas City Cardiomyopathy Questionnaire (KCCQ), New
York Heart Association (NYHA) class, and 6-minute walk test. We also
evaluated left ventricular mass regression by mean gradient at 1 year.

Follow-Up

All patients underwent baseline and 30-day neurological assessment.
Patients with suspected neurological events received serial neurologist
examinations and neurological imaging. All major endpoint events (using
VARC-2 definitions when applicable, including for all-cause mortality,
stroke/transient ischemic attack, coronary obstruction, and valve
thrombosis) were adjudicated by a Clinical Events Committee. Clinical
and echocardiography follow-up will be performed yearly in all patients
was designed to evaluate outcomes for patients with a failing surgical aortic
ccess undergoing a valve-in-valve TAVI procedure.
mplantation; TF, transfemoral; THV, transcatheter heart valve.
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through 10 years; all echocardiograms will be read by a core laboratory
through 5 years, then at 7 and 10 years.

Statistical Analysis

The analysis was performed in the as-treated population, which
included all enrolled patients for whom the index procedure began,
regardless of whether the index procedure was completed. The results for
the nonhierarchical composite primary endpoint and the individual
components (all-cause mortality and all stroke) at 30 days and 1 year
were summarized by Kaplan-Meier event rates and number of subjects
with the event. Descriptive statistics were presented as continuous vari-
ables summarized by mean � standard deviation. Categorical variables
were summarized by count and percent. Analyses for echocardiographic,
NYHA class, KCCQ and 6-minute walk test were performed in the valve
implant population, which included patients in whom the intended valve
was implanted. Changes from baseline were compared using the paired t-
test. By convention, a p value of �0.05 was used to determine statistical
significance. All statistical analyses were performed using SAS software,
version 9.4 (SAS Institute, Cary, North Carolina).

Results

Patient Characteristics

Of the 165 patients with a failing surgical bioprosthesis at low or
intermediate risk who were screened for enrollment, 100 patients from
29 sites were enrolled. Themost common reason for screen failure was an
increased risk of coronary obstruction by the bioprosthetic leaflets of the
failing valve, which was observed in 10.9% of patients screened (Sup-
plemental Table 1). Enrolled patients underwent ViV TAVI between
January 2017 and June 2019. The procedure was attempted in 97 pa-
tients, and valves were implanted in 97 patients; 92 patients were
available for 1-year follow-up (Figure 2).

The preoperative clinical and echocardiographic characteristics and
information about the initial valve are listed in Table 1. Most patients
were male (79.4%), with a mean age of 67.1 � 11.7 years and STS score
of 2.9 � 1.8%. The average STS score was lower for the 77 male patients
(2.5 � 1.6%) compared with the 20 female patients (4.6 � 1.8%). A total
of 42 patients (43.3%) were in NYHA class III/IV at baseline. Aortic valve
area was 1.1 � 0.5 cm2, mean gradient was 39.1 � 18.2 mm Hg, and the
rate of �moderate aortic regurgitation was 41.1%. Of previously
implanted valves, 59.8% were Edwards Lifesciences, 10.3% were Med-
tronic, and 29.9% other manufacturers. The most common reason for
3

native valve replacement was stenosis (46.4%), with the remainder of
indications equally divided between regurgitation (26.8%) and a com-
bination of regurgitation and stenosis (26.8%). A mean of 11.4 � 4.0
years had elapsed since the implantation of the original bioprosthetic
valve. Labeled surgical valve sizes were most commonly 23 to 25 mm
(56.7%) or >25 mm (26.8%). Surgical valve true IDs were most
commonly<23mm or 23 to 25mm (both 47.2%). Only 5 (5.6%) patients
had a true ID>25 mm, and they were all male. Of the 20 female patients,
no true IDs were >21 mm (mean true ID was 19.7 � 1.3 mm). The
average true ID for the 69 male patients with available values was 23.1�
1.9 mm.

Procedure

Procedure success, defined as absence of procedural death (within 72
hours) and correct positioning of a single prosthetic heart valve into the
proper anatomical location, was 100% (Table 2). A majority of cases
(68.0%) were performed under conscious sedation, and no patients un-
derwent concomitant procedures. Balloon postdilation was performed in
29 patients (29.9%). Participating sites were advised against intentional
fracture of the sewing ring because evidence was insufficient to support
widespread adoption of this practice when the study was initiated, and
long-term efficacy is still unknown3,11; however, valve fracture or
remodeling was suspected in 4 of the postdilations that used a
high-pressure balloon. All patients were discharged to home.

Endpoints

Kaplan-Meier rates for the primary outcome (composite of all-cause
mortality or stroke) were 1.0% (n ¼ 1) at 30 days and 2.1% (n ¼ 2) at
1 year (Figure 3). Both events were disabling strokes; no deaths occurred
through 1 year.

Among secondary endpoints, rehospitalization (valve related or
procedure related, including heart failure) occurred in 9 patients
(9.3%) through 1 year, 2 of which were procedure related for disabling
strokes; 1 was for congestive heart failure (Figure 4a). The remaining 6
patients had valve-related rehospitalizations (Figure 4b and Table 3),
requiring 7 aortic valve reinterventions: 3 surgical explants, 3 delayed
balloon postdilations, and 1 percutaneous PVR closure with a vascular
plug. At 1 year, there was no significant difference in aortic valve
reintervention by sex (4 [5.2%] male patients vs. 2 [10.0%] female
patients; p ¼ 0.43).

There were 5 patients (5.2%) who had valve thrombosis events
through 1 year (Table 3). Evidence of thrombosis was detected via CT in
Figure 2. Study flow and patient disposition
for the PARTNER 3 Aortic Valve-in-Valve
Study. The PARTNER 3 Aortic Valve-in-Valve
Registry for failing surgical bioprosthesis
enrolled a total of 100 patients at 29 sites be-
tween 2017 and 2019.
*Detailed reasons for screen failures can be
found in Supplemental Table 1.
yThe same patient who missed their visit at 30
days also missed their 1-year visit.
Abbreviation: CMS, Centers for Medicare and
Medicaid Services.



Table 1
Baseline clinical, hemodynamic, and valve characteristics

Characteristics* N ¼ 97y

Baseline demographics and comorbidities
Age, y 67.1 � 11.7
Sex

Male 77 (79.4)
Female 20 (20.6)

Body mass index (kg/m2) 29.8 � 6.2
Body surface area, m2 2.1 � 0.3
Society of Thoracic Surgeons score, % 2.9 � 1.8
New York Heart Association class

I 0 (0)
II 55 (56.7)
III 41 (42.3)
IV 1 (1.0)

Coronary artery disease 23 (23.7)
Prior coronary artery bypass grafting 18/95y (18.9)
Prior myocardial infarction 9 (9.3)
Prior stroke or cerebrovascular accident 4 (4.1)
Peripheral vascular disease 7 (7.2)
Diabetes 20 (20.6)
Chronic obstructive pulmonary disease 8/96y (8.3)
Pulmonary hypertension 10 (10.3)
Creatinine level >2 mg/dL 2 (2.1)
Overall frailtyz 0 (0)
Atrial fibrillation 31 (32.0)
Permanent pacemaker or defibrillator 10 (10.3)
Left bundle branch block 12 (12.4)
Right bundle branch block 17 (17.5)

Baseline echocardiography and computed tomography
characteristics
Mean gradient, mm Hg 39.1 � 18.2 (95y)
Aortic valve area, cm2 1.1 � 0.5 (92y)
Left ventricular ejection fraction, % 59.4 � 10.6 (95y)
Left ventricular mass index, g/m2 131.7 � 37.0 (96y)
Dimensionless velocity index 0.2 � 0.1 (93y)
Moderate mitral regurgitation 13/93y (14.0)
�Moderate aortic regurgitation 39/95y (41.1)

Previous valve information
Years since previous valve implant to the
index procedure

11.4 � 4.0

Reason for valve replacement
Regurgitation only 26 (26.8)
Stenosis only 45 (46.4)
Mixed 26 (26.8)

Labeled surgical valve size
<23 mm 12 (12.4)
23-25 mm 55 (56.7)
>25 mm 26 (26.8)
Otherx 4 (4.1)

Surgical valve true internal diameter (ID)k

<23 mm 42/89y (47.2)
23-25 mm 42/89y (47.2)
>25 mm 5/89y (5.6)

Surgical valve manufacturer
Edwards Lifesciences 58 (59.8)
Medtronic 10 (10.3)
Sorin 3 (3.1)
St. Jude Medical 7 (7.2)
Other 19 (19.6)

* Values are presented as n (%) or mean � SD (n).
y Denominator provided if data were not available for all 97 patients at

baseline.
z Overall frailty is defined if the subject meets 3 or more of the following

criteria: grip strength <18 kg; 5 m walk test >6 s; serum albumin <35 g/L; Katz
total score of 4 or less.

x These were homografts without a site-specified labeled surgical valve size.
k True IDs were derived from the valve-in-valve application that was developed

by UBQO and Bapat et al.9

Table 2
Procedural and hospital findings

Outcomes* N ¼ 97y

Conscious sedation 66 (68.0)
Procedure time, min 61.9 � 50.3
Fluoroscopy time, min 18.8 � 14.8 (95y)
Balloon aortic valvuloplasty 5 (5.2)
Postdilatation 29 (29.9)
Intensive care unit stay, d 1.0 (0, 2.0)
Total length of stay, d 2.0 (2.0, 3.0)
Discharge to home/self-care 97 (100)
Concomitant procedures 0 (0)
Procedure successz 97 (100)

* Values are presented as n (%), mean � SD (n), or median (IQR).
y Denominator provided if data were not available for all 97 patients.
z Procedure success was protocol defined as absence of procedural

mortality (within 72 hours) and correct positioning of a single prosthetic
heart valve into the proper anatomical location.

Figure 3. Kaplan-Meier estimates for the primary endpoint. Kaplan-Meier
plot for the primary endpoint of all-cause mortality and stroke at 1 year.
Abbreviations: AViV, aortic valve-in-valve; P3, PARTNER 3.
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3 patients, via transesophageal echocardiography during a PVR closure in
1 patient, and visually during an explant in 1 patient (Supplemental
Table 2). All 5 patients received anticoagulation and experienced reso-
lution of elevated gradients; none were associated with death or stroke.
4

Echocardiographic outcomes per core laboratory were available in 86
patients at 1-year follow-up (Table 4). The 3 patients who had surgical
explants were censored. The mean gradient was 22.5 � 8.8 mm Hg at 30
days and 19.7 � 7.6 mm Hg at 1 year. At baseline, 41.1% of patients had
�moderate aortic regurgitation; at 30 days and 1 year, aortic regurgita-
tion was either absent or mild in 98.9% of patients (Figure 5a). Moderate
or greater PVR was observed in 1 patient (1.2%) at 1 year. It is possible
that this was PVR around the surgical valve that was mistaken for central
aortic regurgitation at screening because of the eccentric nature of the
patient’s PVR jet (Figure 5b).

The mean gradients were also evaluated by true ID. Patients were
grouped by large (>25 mm), medium (23-25 mm), and small (<23 mm)
surgical valve true IDs at baseline. Patients with large true IDs had
significantly lower mean gradients at 30 days (15.9� 4.6 mmHg [n¼ 5];
p < 0.01) and at 1 year (17.0 � 4.5 mm Hg [n ¼ 5]; p ¼ 0.04) compared
with patients with medium (21.3 � 8.3 mm Hg [n ¼ 39] at 30 days; 18.4
� 7.4 mm Hg [n ¼ 36] at 1 year) and small (25.3 � 9.3 mm Hg [n ¼ 42]
at 30 days; 22.0 � 8.0 mm Hg [n ¼ 38] at 1 year) surgical valve true IDs.

Table 5 compares left ventricular mass regression for patients with a
mean gradient <20 mm Hg at 1 year (n ¼ 51) to those with a mean
gradient�20mmHg at 1 year (n¼ 35). For patients with mean gradients
<20 mm Hg, left ventricular mass was significantly reduced by 8.6%
from baseline to 30 days (p < 0.001) and 17.9% (p < 0.0001) from
baseline to 1 year. Similarly, left ventricular mass was significantly
reduced for patients with mean gradients �20 mm Hg from baseline to
30 days (10.2%; p ¼ 0.02) and baseline to 1 year (19.2%; p < 0.001).

Functional assessments included NYHA class and KCCQ Overall
Summary score. At baseline, 43.3% of patients were in NYHA class III or
IV. At 30 days, 98.9% of patients had improved to class I or II, which was



Figure 4. Kaplan-Meier estimates for occur-
rence of rehospitalization and AV reinter-
vention. Kaplan-Meier plot for (a)
rehospitalization and (b) AV reintervention
through 1 year. Rehospitalization was defined as
valve related or procedure related, including
heart failure. All valve-related rehospitalizations
through 1 year were for AV reinterventions. A
total of 6 patients (2 female and 4 male) had 7
AV reinterventions.
*1 patient’s event was classified as both valve
related and procedure related.
yThree of 6 patients with AV reinterventions had
valve thrombosis.
zPatient had a prior balloon aortic valvuloplasty
for PVR that was unsuccessful.
xPatient had a PVR closure for symptomatic PVR.
Abbreviations: AV, aortic valve; AViV, aortic
valve-in-valve; HF, heart failure; P3, PARTNER
3; PVR, paravalvular regurgitation.

Table 3
Additional outcomes of interest

Outcomes* 30 d 1 y

Bleeding—life-threateningy 0 (0) 2 (2.1)
Major vascular complications 0 (0) 0 (0)
Acute kidney insufficiency—stage 2 or 3 0 (0) NA
New permanent pacemaker insertion 1 (1.1) 2 (2.3)
New onset atrial fibrillation 1 (1.5) 1 (1.5)
Left bundle branch block (new or worsening) 1 (1.0) 3 (3.1)
Right bundle branch block (new or worsening) 1 (1.0) 2 (2.1)
Coronary obstruction requiring interventionz 1 (1.0) 1 (1.0)
Aortic valve reintervention 2 (2.1) 6 (6.2)
Endocarditis 0 (0) 0 (0)
Valve thrombosisx 1 (1.0) 5 (5.2)

* Kaplan-Meier rates are presented as n (%).
y One of the life-threatening bleeds was a procedure-related tear of the aorta

during redo-surgery; the other was a nonprocedure–related gastric bleed (both
discharged in stable condition).

z During reintervention for elevated mean gradient, left main obstruction
by leaflet of prior surgical valve discovered (left main coronary height: 7.4
mm; right coronary artery height: 7.6 mm; sinutubular junction height:
16.2 mm).

x None of the patients with confirmed valve thrombosis had a stroke.
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maintained in 95.5% of patients at 1 year (Figure 6). The KCCQ Overall
Summary score increased from 60.7 at baseline to 86.3 at 30 days and
88.8 at 1 year (p < 0.0001 for change from baseline to 30 days and 1
year). The 6-minute walk test increased from 321.1 m at baseline to
359.7 m at 30 days (p ¼ 0.01) and 350.2 m at 1 year (p ¼ 0.10).

Discussion

At 30 days and 1 year, TAVI for BVF was associated with no mortality,
improved valve hemodynamic status, and sustained excellent functional
and quality of life outcomes. Valve thrombosis was observed in 5.2% of
Table 4
Hemodynamic outcomes

Outcomes* Baseline 30 d echo

Mean gradient, mm Hg 39.1 � 18.2 (95) 22.5 � 8.8 (94)
Peak gradient, mm Hg 65.2 � 28.0 (95) 39.0 � 14.3 (94)
Aortic valve area, cm2 1.1 � 0.5 (92) 1.3 � 0.3 (92)
Left ventricular ejection fraction, % 59.4 � 10.6 (95) 58.1 � 10.6 (92)
Dimensionless velocity index 0.25 � 0.10 (93) 0.31 � 0.06 (89)

* All values presented as mean � SD (n). Echocardiography was not available for a
hemodynamic outcomes were evaluable. The 3 patients with explanted valves were

y p values from paired t-tests.

5

patients, and the need for aortic valve reintervention for transcatheter
heart valve dysfunction was 6.2%. The early improvements associated
with aortic ViV during the first 30 days after implantation were main-
tained for 1 year, with planned annual follow-up for 10 years. Compar-
ative studies have demonstrated similar safety endpoints of mortality and
morbidity between aortic ViV and reoperative AVR. The global Valve-in-
Valve International Data registry showed that the survival rate at 1 year
was 83.2% after the replacement of failed bioprosthetic aortic valves.6 A
systematic review of clinical studies comparing aortic ViV with reoper-
ative AVR found that transcatheter ViV implantation achieves similar
operative mortality but lower risk of strokes and bleeding compared with
reoperation.12 This study affirms the safety of aortic ViV in low- or
intermediate-risk patients with BVF.

In terms of hemodynamic outcomes, differences between aortic ViV
and reoperative AVR are less clear. Transcatheter ViV may achieve
similar hemodynamic outcomes but is associated with higher PVR rates
than reoperation.12 Recent comparative studies show that gradients after
aortic ViV are comparable with reoperative AVR and are consistent with
previous aortic ViV trials in high-risk patients.7,8,13 The resultant trans-
valvular gradient after aortic ViV is lower than baseline in all patients;
and at 1 year, left ventricular mass regression was seen in all patients and
was not impacted by residual gradients. Notably, the degree of
improvement is dependent on the size of the original prosthetic. Larger
prosthetics (true ID>25 mm) were associated with lower postprocedural
gradient; and although the hemodynamic performance of smaller valves
(true ID < 23 mm) was still favorable in our registry, aortic ViV may not
be appropriate for patients with small bioprosthetic valves.14 Balloon
valve fracture has emerged as a technique to improve postprocedural
hemodynamic performance after ViV15 but with unknown long-term
consequences. Our study did not allow for balloon valve fracture and
this may explain why smaller prosthetics had a higher postprocedural
gradient. Despite higher gradients in some patients, there was similar and
significant left ventricular mass regression compared with patients with
lower gradients.
p valuey (Δ baseline to 30 d) 1 y echo p valuey (Δ baseline to 1 y)

<0.0001 19.7 � 7.6 (86) <0.0001
<0.0001 34.5 � 12.8 (86) <0.0001
<0.0001 1.4 � 0.3 (81) <0.0001
0.12 60.8 � 9.6 (80) 0.15

<0.0001 0.32 � 0.06 (80) <0.0001

ll patients with follow-up through 1 year. Of available echocardiography, not all
censored through 1 year.



Figure 5. Incidence of aortic and paravalvular regurgitation. Core laboratory adjudicated data for (a) total aortic regurgitation (includes paravalvular regurgi-
tation) and (b) paravalvular regurgitation at 1 year. The 3 patients with explanted valves were censored at 1 year.

Table 5
Left ventricular mass regression by mean gradient at 1 year

Left ventricular mass*, g Mean gradient at 1 y

Total (N ¼ 86) p valuey

(Δ from baseline)
<20 mm Hg
(N ¼ 51)

p valuey

(Δ from baseline)
�20 mm Hg
(N ¼ 35)

p valuey

(Δ from baseline)

Baseline 275.7 � 88.0 (85) 281.2 � 93.6 (51) 267.4 � 79.5 (34)
30 d 251.4 � 73.6 (85) <0.0001 257.0 � 81.2 (51) <0.001 243.1 � 60.6 (34) 0.02
1 y 226.8 � 66.4 (84) <0.0001 231.9 � 72.4 (50) <0.0001 219.3 � 56.7 (34) <0.001

* All values presented as mean � SD (n). Left ventricular mass could not be derived for all patients with available echocardiography through 1 year. The 3 patients
with explanted valves were censored for 1 year comparison.

y p values from paired t-tests.

Figure 6. NYHA class through 1 year. Most patients had improved NYHA
class from baseline to 1 year. The 3 patients with explanted valves were
censored at 1 year.
Abbreviation: NYHA, New York Heart Association.
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As aortic ViV becomes more frequent and the demand for a bio-
prosthetic in younger patients increases, surgical planning at the time of
the original AVR is increasingly important. If a bioprosthetic is placed in
a younger patient who may outlive the prosthetic, a root enlargement to
allow for placement of a prosthetic with the largest ID may be performed
selectively. As the ID varies in prosthetics of the same valve size, the
surgical prosthetic with the largest ID should be considered. The use of a
prosthetic with an expandable valve frame (Inspiris Resilia, Edwards
Lifesciences, Orange County, CA, USA) may be another alternative to
facilitate ViV in the future. Planning for future ViV may also require
consideration of the relationship of coronary heights to the surgical posts
to minimize the risk of coronary obstruction, which was the most com-
mon reason for screen failure in this study. Screen failures are an
impediment of valve choice today but may be mitigated by procedures
such as BASILICA.16,17
6

Valve thrombosis event rates were higher than those reported in
previous low-risk TAVI trials.18,19 The 1-year outcomes of the PARTNER
3 main trial18 detailed 5 cases (1.0%) of valve thrombosis in the TAVI
cohort, none of which were associated with clinical sequelae. In this
study, there were 5 events (5.2%) that were subclinical and were not
associated with the primary endpoint of all-cause death or stroke. The
routine use of anticoagulants or other antithrombotics remains an area of
investigation, but anticoagulation has been shown to be effective in
treating valve thrombosis when present.20 No comparative data on valve
thrombosis are available for reoperative AVR.

This study has helped us understand the risk of early aortic valve
reintervention in aortic ViV. Smaller valve sizes appear to be at most
risk of significant stenosis and should be considered in patient selec-
tion. However, aortic valve reinterventions did not result in any mor-
tality or significant morbidity in short-term follow-up. Longer term
follow-up is required to determine the impact of residual valve gradi-
ents and valve thrombosis on durability and the risk of aortic valve
reintervention.

Study Limitations

There are several limitations in this multicenter, prospective study
that need to be addressed. First, these results reflect only 1-year out-
comes; long-term assessment of structural valve deterioration is needed.
A 10-year clinical and echocardiographic follow-up is planned in all
patients. In addition, this was a controlled, single-arm, clinical study with
no comparator group, so our results apply only to the highly-selected
enrolled population who met all inclusion and exclusion criteria
(39.4% of subjects screened were not eligible for the study), and the 1-
year outcomes reported here may not be generalizable to other pa-
tients with BVF. Furthermore, postsurgical mean gradients were not
available, so it is possible some patients may have been included with
patient-prosthesis mismatch and/or high gradients.
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Another limitation is that the vast majority of patients enrolled (79.4%)
were male. One possible reason for this is that female patients have a
higher surgical risk profile. This has led to a larger proportion of women
enrolled in extreme- and high-risk TAVI trials than men; the opposite
occurred in low-risk trials.18,19,21-23 In addition, criteria for inclusion (true
surgical valve ID of 16.5-28.5 mm) and exclusion (known bioprosthesis
with residual mean gradient >20 mm Hg at the end of the index surgical
procedure) were more likely to exclude patients with small annuli, which
likely would exclude more females than males. Finally, the number of
women undergoing surgical AVR in large consecutive series ranges from
27% to 34%, raising the possibility of disproportionate access to care.24,25

Additional studies with a larger sample size and more balanced distribu-
tion or a dedicated cohort are needed in female patients, particularly
considering the small size aortic annulus in this patient population.

Conclusions

Transcatheter aortic ViV with a balloon-expandable transcatheter
heart valve in failed surgical bioprostheses is safe in patients at low to
intermediate risk for reoperative AVR. The procedure is associated with
improved hemodynamic status and functional improvement. Residual
valve gradients and valve thrombosis remain concerns for durability and
need for aortic valve reintervention. Aortic ViV is an additional thera-
peutic option in selected, low- to intermediate-risk patients with failed
bioprosthetic aortic valves, but comparative effectiveness studies with
reoperative AVR with longer term follow-up and studies in smaller bio-
prosthetic valves and female patients are required.
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