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Structural Heart Disease

Matched Comparison of Self-Expanding Transcatheter
Heart Valves for the Treatment of Failed Aortic
Surgical Bioprosthesis
Insights From the Valve-in-Valve International Data Registry (VIVID)

Sami Alnasser, MD*; Asim N. Cheema, MD*; Matheus Simonato; Marco Barbanti, MD;
Jeremy Edwards, MD; Ran Kornowski, MD; Eric Horlick, MD; Harindra C. Wijeysundera, MD;
Luca Testa, MD, PhD; Francesco Bedogni, MD; Hafid Amrane, MD; Thomas Walther, MD;
Marc Pelletier, MD; Azeem Latib, MD; Jean-Claude Laborde, MD; David Hildick-Smith, MD;
Won-Keun Kim, MD; Didier Tchetche, MD; Marco Agrifoglio, MD; Jan-Malte Sinning, MD;
Ad J. van Boven, MD; Joélle Kefer, MD; Christian Frerker, MD;

Nicolas M. van Mieghem, MD, PhD; Axel Linke, MD; Stephen Worthley, MD;

Anita Asgar, MD; Carmelo Sgroi, MD; Mina Aziz, MD; Haim D. Danenberg, MD;
Marino Labinaz, MD; Ganesh Manoharan, MD; Anson Cheung, MD; John G. Webb, MD;
Danny Dvir, MD; for the Valve-in-Valve International Data Registry Investigators

Background—Transcatheter valve-in-valve implantation is an established therapy for high-risk patients with failed
surgical aortic bioprosthesis. There are limited data comparing outcomes of valve-in-valve implantation using different
transcatheter heart valves (THV).

Methods and Results—Patients included in the Valve-in-Valve International Data registry (VIVID) and treated with self-
expanding THV devices were analyzed using centralized core laboratory blinded to clinical events. St. Jude Medical
Portico versus Medtronic CoreValve were compared in a 1:2 fashion after propensity score matching. A total of 162
patients, Portico- (n=54) and CoreValve- (n=108) based valve-in-valve procedures comprised the study population with
no significant difference in baseline characteristics (age, 79+8.2 years; 60% women; mean STS [Society of Thoracic
Surgery] score 8.1+5.5%). Postimplantation, CoreValve was associated with a larger effective orifice area (1.67 versus
1.31 ecm?; P=0.001), lower mean gradient (14+7.5 versus 17+7.5 mmHg; P=0.02), and lower core laboratory—adjudicated
moderate-to-severe aortic insufficiency (4.2% versus 13.7%; P=0.04), compared with Portico. Procedural complications
including THV malpositioning, second THV requirement, or coronary obstruction were not significantly different
between the 2 groups. Survival and stroke rates at 30 days were similar, but overall mortality at 1 year was higher among
patients treated with Portico compared with CoreValve (22.6% versus 9.1%; P=0.03).

Conclusions—In this first matched comparison of THVs for valve-in-valve implantations, Portico and CoreValve
demonstrated differences in postprocedural hemodynamics and long-term clinical outcomes. Although this could be
related to THV design characteristics, the impact of other procedural factors cannot be excluded and require further
evaluation. (Circ Cardiovasc Interv. 2017;10:e004392. DOI: 10.1161/CIRCINTERVENTIONS.116.004392.)
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WHAT IS KNOWN

® Transcatheter valve-in-valve (ViV) implantation is a
safe and effective strategy among high-risk patients
with degenerated surgical bioprosthesis.

® Residual stenosis is a major limitation of aortic ViV
procedures.

WHAT THE STUDY ADDS

® In comparison to Portico, CoreValve was associated
with larger postimplantation effective orifice area, low-
er gradients, and lower rate of regurgitation after ViV.

® In this first matched comparison of transcatheter
heart valves in ViVs, the 30-day clinical outcomes
were comparable, but the Portico group exhibited a
higher 1-year mortality compared with CoreValve.

ranscatheter valve-in-valve (ViV) implantation has

become an established therapeutic strategy for the man-
agement of high-risk patients with failed surgical aortic bio-
prostheses.' Most candidates for ViV implantation can be
treated with either balloon-expandable or self-expanding
transcatheter heart valves (THV). Although certain clinical and
anatomic features affect the choice of THV in an individual
patient,*® supra-annular self-expanding valves (CoreValve)
are associated with favorable hemodynamic profile compared
with balloon-expandable THV.>’# However, it is unclear how
it compares to another self-expanding design with an intra-
annular THV position (Portico). In this study, we compare the
hemodynamic and clinical outcomes of the 2 most commonly
used self-expanding THV systems, CoreValve (Medtronic,
Inc, Minneapolis, MN) and Portico (St. Jude Medical, Inc, St.
Paul, MN) after aortic ViV implantations.

Methods

The design and details of the Valve-in-Valve International Data
Registry (VIVID) have been reported previously.? Briefly, the VIVID
registry is a collaboration of centers from Europe, the Americas,
Australia, New Zealand, and the Middle East for prospective col-
lection of data for ViV implantation procedures. Data are collected
using detailed case report forms, and any inconsistency is resolved
with local investigators and on-site data monitoring. All patients had
provided written informed consent for the ViV implantation proce-
dure, and the Registry was approved by the local ethics committee.
All Portico cases within the VIVID registry were matched with com-
parable CoreValve ViV implantation cases using propensity score
matching. Each Portico case was matched with 2 CoreValve cases
in a 1:2 fashion to enhance the statistical power. Variables used for
propensity score determination included age, sex, STS (Society of
Thoracic Surgery) mortality score, procedural access, surgical valve
label size, and surgical valve design (stentless versus stented). In ad-
dition, groups were matched for surgical valve true internal diameter
(true ID). All ViV implantation procedures in the present study were
performed for failed surgical bioprostheses at the aortic position ac-
cording to local standards and practices.

Definitions

The Portico is a self-expanding THV with bovine pericardial leaf-
lets sewn into nitinol frame at an annular level surrounded by a por-
cine pericardial skirt.” The CoreValve is a self-expanding THV with
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porcine pericardial leaflets sewn into nitinol frame at a supra-annular
position surrounded by an outer skirt of porcine pericardium.'® The
mechanism of bioprosthetic valve failure (ie, stenosis, regurgitation,
or combined) was determined based on preprocedural echocardiog-
raphy. True internal diameter of surgical valves was derived accord-
ing to valve type and label size.*!' Procedural complications included
coronary obstruction, THV malpositioning, need for a second THV,
and device success. Prosthesis—patient mismatch was based on post—
ViV implantation effective orifice area (EOA), <0.85 and <0.65 cm?/
m? for any and severe mismatch, respectively.'? Clinical outcomes
determined included all-cause mortality at 1 and 12 months. Other
outcomes included 30-day rate of stroke, acute kidney injury, major
bleeding, and major vascular complication according to the updated
Valve Academic Research Consortium criteria.'?

Core Laboratory Echocardiographic and
Fluoroscopic Analysis

Echocardiographic and cine angiographic images after THV implan-
tation were reviewed in a centralized core laboratory to determine
the severity of postimplantation aortic insufficiency (Al) in a blinded
manner at St. Michael’s Hospital, Toronto, Canada. Al was adjudicat-
ed independently using semiqualitative parameters defining the Al jet
features, including number of jets, width of jet origin, jet path along
the stent, proximal flow convergence, vena contracta, jet density on
continuous-wave Doppler, pressure half time and flow reversal in the
abdominal aorta. In addition, the circumferential extent of the aortic
insufficiency on short axis was ascertained (<10, 10-30, >30% for
mild, moderate, or severe Al, respectively). The Al assessment was
also supplemented by evaluation of postimplantation aortic root angi-
ography using established angiographic criteria.'*

THV depth assessment was performed at St. Paul’s Hospital,
Vancouver, Canada. Postimplantation angiographic images were ana-
lyzed using centralized core laboratory assessment blinded to clini-
cal events. THV depth was expressed in millimeter(s) reflecting the
distance of THV distal frame in relation to the surgical valve frame as
previously described.!

Statistical Analysis

Categorical variables were reported as frequencies and percentages,
and continuous variables as means and SDs or medians and interquar-
tile ranges. Propensity score matching was applied to identify a cohort
of patients with similar baseline characteristics. The propensity score
was developed by a logistic regression model using a nonparsimoni-
ous approach. Portico and CoreValve patients having the same prob-
ability score (nearest neighbor method; calliper=0.25xSD [logitPs])
were matched in a 1:2 fashion. After matching, continuous variables
with a normal distribution were compared using the paired sample
t test; otherwise, the Wilcoxon rank-sum test was used. Differences
for matched categorical variables were analyzed with the McNemar
test. A 2-sided P value of <0.05 was considered to be of statistical
significance. Kaplan—-Meier method was used to calculate the time-
to-event curves compared by stratified log-rank test, and hazard ratio
was derived from Cox proportional model. All statistical analyses
were performed using SAS version 9.2 (SAS Institute, Cary, NC).

Results

Cohort Characteristics

A total of 162 patients undergoing ViV implantation were
included in the present analysis. Using the propensity score
approach, 54 patients receiving Portico were matched with
108 patients out of 779 patients receiving CoreValve within
the VIVID Registry (Figure 1). The baseline characteristics
and procedural details of the study population are shown in
Table 1. Standardized differences after propensity score were
<0.1 for all baseline variables. Average age for the study popu-
lation was 79+8.2 years, 60% were women, and the mean STS
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Figure 1. Propensity matching for Portico and CoreValve patients.
All Portico patients were appropriately matched with CoreValve
cases from the Valve-in-Valve International Data registry.

score was 8.1£5.5. There were no significant differences in
comorbidities, preoperative left ventricular systolic function,
hemodynamic data, and surgical valve characteristics between
the 2 groups. Pure aortic insufficiency as the mode of biopros-
thetic valve failure was present in one third of patients for both
groups with comparable baseline EOA and mean transaortic
gradient. Peripheral arterial access was used in 93%, general
anesthesia in 60%, and transesophageal guidance in 50% of
patients. THV size of 23 mm was the most common device
used for ViV implantation in both groups.

Hemodynamic and Procedural Qutcomes

The outcomes of interest are summarized in Table 2. Post—
ViV implantation hemodynamics identified a larger EOA
(1.67 versus 1.31 cm?; P=0.001), lower mean gradient (14+7.5
versus 17£7.5 mmHg; P=0.02), and a lower rate of severe
prosthesis—patient mismatch (19.5% versus 40%; P=0.03) for
CoreValve-treated compared with Portico-treated patients.
The observed difference in EOAs between the 2 THVs was
more significant for implantations within smaller (ID <21 mm;
1.67 versus 1.25 cm?; P=0.001) compared with larger surgical
valves (ID =21 mm; 1.6 versus 1.5 cm?; P=0.1) for CoreValve
versus Portico, respectively. Site-reported rates of significant
postimplantation Al were higher in Portico compared with
CoreValve group (18% versus 5%; P=0.02). Core laboratory—
adjudicated moderate-to-severe Al was observed in 13.7% of
Portico and 4.2% of CoreValve THV patients (P=0.04). The
rate of procedural complications including THV malposition-
ing, need for second THYV, or coronary obstruction was not
significantly different between the 2 groups. At 1 year, hemo-
dynamic data were available for 46 CoreValve and 18 Portico
patients. EOAs and mean transaortic gradients for the CoreV-
alve and Portico were 1.52+0.39 and 1.38+0.6 cm? (P=0.45)
and 13.1+7.2 and 16.8+10.6 mmHg (P=0.15), respectively.

Clinical Outcomes

At 1 month, 2 patients in the Portico group (one related to left
ventricular wire perforation and second related to ischemic
stroke) and 1 patient in the CoreValve (because of coronary
obstruction) had died. There were no differences in major
bleeding, major vascular complication, and stage II-III acute
kidney injury between the 2 groups. New pacemaker implanta-
tion was required for 1 patient (2.1%) in Portico and 7 patients
(7.3%) in the CoreValve group (P=0.27). Median length of
stay was 7 days and similar for the 2 groups. Within 1 year,

Self-Expanding THVs in Failed Aortic Bioprosthesis

Table 1. Baseline and Procedural Details of Study Patients

Portico CoreValve
(n=54) (n=108) = PValue
Patient characteristics
Age, y 79.3+7.2 78.8+8.7 0.72
Female sex, n (%) 35 (65) 61 (58) 0.40
Height, cm 164+9.6 165+9.6 0.53
Weight, kg 72.6£145 | 73.5+15.8 | 0.73
Body mass index, kg/m? 26.9+4.8 26.8+5.0 0.94
Body surface area, m? 1.81+0.23 | 1.83+0.21 | 0.67
STS score, % 7.4+42 8.4+6.1 0.30
NYHA llI-IV class, n (%) 50(92.6) | 99(91.7) | 0.82
Diabetes mellitus, n (%) 13(24.1) | 32(296) | 0.46
Prior stroke, n (%) 9(16.7) 16(14.8) | 0.76
Renal insufficiency, n (%)* 31(57.4) 55 (50.9) 0.44
Previous Pacemaker, n (%) 6(11.1) 20 (18.5) 0.23
LVEF, % 54.6+10.9 | 51.5x12.7 | 0.20
Surgical valve characteristics
Bioprosthesis label size 0.21
<21,n (%) 1(1.9) 8(1.9)
21-25, n (%) 51 (94.4) 90 (83.3)
>25, 1 (%) 2(3.7) 10 (9.3)
True internal diameter, mm 0.74
<21 mm, n (%) 30(57.7) | 50 (54.3)
21-23 mm, n (%) 15(28.8) | 25(27.2)
>23 mm, n (%) 7(13.5) 17 (18.5)
Aortic valve area, cm? 0.94+0.45 | 0.92+0.44 | 0.83
Mean gradient, mmHg 35.8+18 33.8+18 0.54
Degeneration mode 0.25
Regurgitation, n (%) 19(35.2) | 33(30.6)
Stenosis, n (%) 14 (25.9) 42 (38.9)
Combined, n (%) 21(38.9) 33(30.6)
Stentless bioprosthesis, n (%) 5(9.3) 15(13.9) 0.40
Age of bioprosthesis, y 10 (6-12) 9 (7-13) 0.41

Procedural characteristics

Peripheral arterial access 50 (92.6) 101 (93.5) 0.58
THV size, mm

23 mm, n (%) 41 (76) 46 (43)

25 0r 26 (mm), n (%)t 11(21) 46 (43)
General anesthesia, n (%) 30 (59) 68 (63) 0.73
TEE guidance, n (%) 27 (53) 52 (48) 0.61
Pre dilation, n (%) 14 (28) 15 (14) 0.05
Post dilation, n (%) 15 (28) 18 (17) 0.15

All values are mean=SD unless noted otherwise. GFR indicates glomerular
filtration rate; LVEF, left ventricular ejection fraction; NYHA, New York
heart Association classification; STS, Society of Thoracic Surgery; TEE,
transesophageal echo; and THV, transcatheter heart valve.

*GFR <60 mL/min.

tPortico and CoreValve are available in the following sizes: 23, 25, 27, and
29 mm and 23, 26, 29, and 31 mm, respectively.
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Table 2. Procedural, Hemodynamic, and Clinical Outcomes

Portico CoreValve
(n=54) (n=108) | PValue
Procedural outcomes
Coronary obstruction, n (%) 0(0) 2(1.9 0.55
THV malposition, n (%) 2(3.7) 10 (10) 0.22
2nd THV implantation, n (%) 1(1.9) 7 (6.5) 0.27
Proce*dural complications, 23.7) 11(11.3) 0.08
n (%)
Postimplantation hemodynamics
E:ECt('n")e orifice area, 13120.47 (40) | 1.67£056(82) | 0.001
Mean gradient, mmHg, (n) 17+7.5 (51) 14+7.5(98) | 0.02
Prosthesis—patient mismatch
Any, n (%) 31 (77.5) 25(30.5) | 0.01
Severe, n (%) 16 (40) 16 (19.5) 0.03
Aortic insuffic_ienpy (core 0.04
laboratory adjudicated)
None/mild, n (%) 44 (86.3) 97 (95.8)
Moderate/severe, n (%) 7(13.7) 4(4.2)
Clinical outcomes—1 mo
Death, n (%) 23.7) 1(1) 0.27
Major stroke, n (%) 1(1.9) 1(0.9) 0.11
nM;j/g)r vascular complication, 119 43.7) 05
Major bleeding, n (%) 6 (11.1) 6 (5.6) 0.22
f‘ntjigr; ':]_:L'/jcum kidney 2(37) 9(84) | 034
Pacemaker implantation, n (%) 1(2.1) 7(7.3) 0.27
(nggﬂth ofstay, d. medan | 754-12) | (510 | 091
Clinical outcomes—1 'y
Death, n (%)t 11 (22.6) 8(9.1) 0.03

All values are n (%), unless noted otherwise. IQR indicates interquartile
range; and THV, transcatheter heart valve.

*Composite of coronary obstruction, malposition, and need for second THV.

TKaplan—Meier survival analysis.

11 patients in Portico and 8 patients in CoreValve groups had
died (P=0.03; Figure 2). Use of Portico for ViV implantation
was associated with higher 1-year mortality (Hazard ratio,
1.13; 95% confidence interval, 1.01-1.27).

The cause of death among the Core Valve was procedural (1
case), intracranial bleeding (2 cases), heart block (1 case), and
unknown in the remaining cases. The mortality in the Portico
group was procedural (1 case), ischemic stroke (1 case), endo-
carditis (1 case), intracerebral bleeding (1 case), pneumonia
(2 cases), cancer (1 case), fall (1 case), and unknown in the in
the remaining patients.

Implantation THV Depth Analysis
Patients in the CoreValve and Portico groups had comparable
implantation depth distribution (Figure 3). The median (25%

Self-Expanding THVs in Failed Aortic Bioprosthesis
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Figure 2. Kaplan—-Meier curves for 1-y mortality after Portico vs
CoreValve for valve-in-valve implantation.

to 75% interquartile range) implantation depth for CoreValve
and Portico were 5.7 mm (2.6-8.2) and 6.8 mm (4.9-10.2),
respectively. In addition, no significant difference in implanta-
tion depth was noted among those with or without moderate-
to-severe postimplantation Al (P=0.81; Figure 3).

Transcatheter and THV Operators Experience

CoreValve and Portico cases were contributed by 29 centers,
13 for CoreValve (Germany [4], Italy [3], Canada [2], United
Kingdom [2], France [1], and Israel [1]) and 16 for Portico
(Canada [6], Germany [3], Italy [2], and Netherlands [2], Aus-
tralia [1], Belgium [1], United Kingdom [1]). CoreValve oper-
ators were the same ones for Portico in 4 centers. Operators
at enrolling centers were surveyed. Operators in the CoreV-
alve group had performed a median (25% to 75% interquartile
range) of 500 (640-810) transcatheter aortic valve implan-
tation, 32 (16—44) ViV implantation procedures, and 316
(225-393) CoreValve cases. Operators in the Portico group
performed 510 (362-905) transcatheter aortic valve implan-
tation, 35 (21-54) ViV implantation procedures, 35 (10-69)
Portico, and 300 (20-371) cases of CoreValve implantations.

Discussion

This report describes the first matched comparison of hemody-
namic and clinical outcomes of different THVs used for ViV
implantation procedures with detailed core laboratory imaging
analyses. The main findings of the present study are (1) Portico
was associated with a higher postimplant mean gradient, higher
rate of prosthesis—patient mismatch, and core laboratory adjudi-
cated moderate-to-severe Al. (2) Portico use was associated with
a trend for lower rate of a composite of procedure complications
but with higher 1-year mortality compared with CoreValve.

ViV implantation has become the mainstay of treatment for
failed surgical aortic bioprosthesis in patients at high or pro-
hibitive risk of redo valve surgery.>® Most candidates for ViV
implantation may be suitable for treatment with either balloon-
expandable or self-expanding THV,*!!7 but certain patient
characteristics may be better managed by a specific THV than
others."!® Initial results from Portico implantation for the treat-
ment of patients with severe native aortic stenosis were prom-
ising”! with potential for advantage in patients at high risk of
procedural complications.”*?! However, the present comparison
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showed that CoreValve resulted in greater EOA, lower mean
gradient, and lower rate of prosthesis—patient mismatch com-
pared with Portico. Annular size is an important determinant of
EOA.? Annular area in ViV interventions is determined by the
space available within the failed surgical bioprosthesis, which
can be further compromised by the implanted THV. At adequate
implantation depth, CoreValve allows unconstrained leaflet func-
tion, which likely accounts for the differences in hemodynamic
performance. The inclusion of many patients (nearly half) with
smaller degenerated bioprosthesis (true ID < 21 mm) might have
amplified the observed postimplantation hemodynamic finding,
which is supported by the pronounced hemodynamic difference
we observed between the THVs among smaller, compared with
larger, surgical bioprosthesis subgroups.

Portico was associated with significantly higher rate of
postimplantation Al, predominantly paravalvular compared
with the CoreValve, a finding that was confirmed by inde-
pendent blinded analysis (Figure 4). Al post—ViV implanta-
tion is uncommon and may be related to clinical or technical
factors. There were no differences in the surgical valve size,
internal diameter, or the mode of degeneration between the 2
THYV groups, and the rate of postdilatation was comparable.
In addition, no major disparity in THV implantation depth
was found between the 2 platforms (Figure 3). The possibility
of surgical paravalvular leaks was considered and only sus-
pected in 2 cases (1 Portico and 1 CoreValve). Variation in
THYV frame’s cell size and its impact on radial strength cannot
be excluded as a potential reason for the observed findings.
In addition to THV design, including the leaflet location in
relation to the aortic annulus, other factors with mechanisms
that we may or may not currently understand should be con-
sidered. For instance, it is important to note that THVs larger
than 23 mm were used more frequently among the CoreValve
patients compared with the Portico group, 54% versus 24%,
respectively. It is possible that the manufacturer’s sizing rec-
ommendations for the Portico are suboptimal and might have
contributed to the postimplantation hemodynamic differences,
although unlikely to be the sole explanation. Optimal THV
sizing for ViV implantation is not well established, and the
effect of THV oversizing within a rigid confined space is not
necessarily beneficial and can be detrimental.”> Despite our

careful matching here accounting for the surgical bioprosthe-
sis true ID, baseline difference in THV sizes was unavoidable
because of the different manufacturers recommendations and
the different label sizing between the 2 platforms (26, 29, and
31 mm for CoreValve and 25, 27, and 29 mm for Portico).
Thirty-day outcomes were similar, but 1-year mortality
was higher in the Portico compared with the CoreValve-treated
patients. The exact mechanism of higher 1-year mortality in
Portico is unclear. Postimplantation Al is an important deter-
minant of long-term mortality after transcatheter native aor-
tic valve therapy.”*?* Despite the higher postimplantation Al
among the Portico, this group had a comparable 1-year sur-
vival to the remaining cohort, which has multiple explanations.
First, the study was not powered for mortality particularly in
smaller subgroups. Second, unlike patients undergoing trans-
catheter aortic valve implantation, significant Al at baseline is
frequently encountered among ViV implantation candidates.’
In fact, two thirds in each THV group in our analysis had
>moderate Al at baseline as mode of degeneration. This might
have served to attenuate the hemodynamic impact of postim-
plantation Al and alter its prognostic implications. The lat-
ter is theoretical at this stage and requires further evaluation.
Predilatation, a potential confounder,” was more frequent in
the Portico group, but its relation to long-term outcomes post—
ViV implantation is unknown. Premature THV degeneration
or thrombosis could not be assessed, and their contribution
to the 1-year outcomes here cannot be excluded. Prosthesis—
patient mismatch was significantly higher among Portico
patients, which may adversely affect long-term outcomes after
aortic valve replacement. However, the relationship between
prosthesis—patient mismatch after THV implantation remains
poorly understood.' It is important to note that the observed
1-year mortality rate for the CoreValve patients in the pres-
ent study was similar to early experience with CoreValve ViV
implantation.>!?% Although death reported here was mostly
attributed to noncardiac causes, this has to be taken with cau-
tion given the lack of clinical outcomes adjudication.
Implanting operators in each cohort had comparable well-
established experience. Operators experience includes the
expertise in transcatheter ViV implantation (transcatheter ViV
experience) and the familiarity with a specific THV (THV
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Figure 4. Aortic insufficiency after Portico for ViV procedure. A, Portico (black arrow) implanted for a failed Carpentier Edwards biopros-
thetic valve (black arrowhead) under transesophageal echo (TEE) guidance. B, Severe aortic insufficiency evident on aortic angiogram
(white arrowheads) that was paravalvular in location by echocardiography (asterisks). C, Portico (black arrow) implanted for a failed St.
Jude Toronto stentless porcine bioprosthetic valve (black arrowhead). D, Moderate aortic insufficiency evident on aortic angiogram (white
arrowheads) that was paravalvular in location by echocardiography (asterisks).

experience). Although the THV experience with Portico was
relatively less established than CoreValve given the temporal
variation in market’s availability (more recent with former), it
is clear that the Portico cohort had the advantage of evolved
operators transcatheter ViV experience. Furthermore, we did
not observe significant difference in procedural parameters
such as THV embolization, second THV deployment, or vas-
cular complications, indirect markers of operator experience.
In addition, the 30-day outcomes were similar between the
2 THV groups, suggesting limited influence of operator and
procedural factors on observed findings.

Limitations

Despite the inclusive multicenter nature of VIVID registry,
reporting bias cannot be excluded. Clinical outcomes within the
registry are self-reported by the enrolling center and not cen-
trally adjudicated. In this analysis, however, mortality cases and
related pathogenesis were individually verified with each center.
Imaging-related outcomes such as aortic insufficiency or implan-
tation depth were adjudicated independently. Even though the
current analysis included a comprehensive matching of patient
and surgical valve characteristics and core laboratory analysis of
echocardiographic results, the presence of residual confounding
despite propensity score matching cannot be excluded. Match-
ing by country or center was initially considered but proved to be
challenging as it had limited the matching pool and therefore the

ability to account for other baseline characteristics. In addition,
inclusion of early Portico experience in centers performing ViV
implantation procedures is a potential confounder. Information
on the frequency of THV repositioning/recapturing attempts was
lacking, and the 1-year hemodynamic data were only partially
available. A comparison among other repositionable THV plat-
forms used in ViV implantation (Lotus, DirectFlow, and Evolut
R) is needed to further understand relationship between THV
selection and clinical outcomes.

Conclusions

In this first matched comparison of THVs for ViV interventions,
Portico was associated with worse postprocedural hemodynam-
ics compared with CoreValve. Clinical outcomes at 30 days
were similar, but overall mortality at 1 year was higher in Portico
compared with CoreValve patients. Although this can be related
to THV design characteristics, the impact of other procedural
factors cannot be excluded and requires further evaluation.

Disclosures
Dr Dvir reports consulting for Edwards Lifesciences and Medtronic. Dr
Webb reports consulting for St. Jude Medical. Dr Sinning reports re-
ceiving speaker honoraria and research grants from Medtronic, Edwards
Lifesciences, Direct Flow Medical, and Boston Scientific. Dr Barbanti
reports consulting for Edwards Lifesciences. Dr Latib reports consulting
for Medtronic and Direct Flow Medical. Dr Horlick reports consulting
and program support from Edwards Lifesciences, Medtronic, and St.


http://circinterventions.ahajournals.org/

/102 ‘€T [1dy uo 19n6 Ag /610°S[eulno fete'suo nuaABIUIDII//:d1NY WO} papeo umoq

7

Alnasser et al

Jude Medical, as well as program support from Gore. Dr Danenberg
reports proctoring for Medtronic. Dr Hildick-Smith reports consulting
for Boston Scientific, Medtronic, Edwards Lifesciences and St. Jude
Medical. Dr Kim reports proctoring and consulting for St. Jude Medical.
Dr Linke reports honoraria from Symetis, St. Jude Medical, Edwards
Lifesciences and Boston Scientific, as well as ownership of stock in
Claret Medical and consutling services for Medtronic. Dr Manoharan re-
ports consulting for Medtronic, St. Jude Medical and Boston Scientific.
Dr van Mieghem reports a research grant from Medtronic and participa-
tion in the steering committee of that same company. Dr Wijeysundera
reports research grants from Edwards Lifesciences and Medtronic. The
other authors report no conflicts.

10.

11.

References

. Bapat V, Asrress KN. Transcatheter valve-in-valve implantation for fail-

ing prosthetic valves. Eurolntervention. 2014;10:900-902. doi: 10.4244/
EIJVI10I8A155.

. Dvir D, Webb JG, Bleiziffer S, Pasic M, Waksman R, Kodali S, Barbanti

M, Latib A, Schaefer U, Rodés-Cabau J, Treede H, Piazza N, Hildick-
Smith D, Himbert D, Walther T, Hengstenberg C, Nissen H, Bekeredjian
R, Presbitero P, Ferrari E, Segev A, de Weger A, Windecker S, Moat NE,
Napodano M, Wilbring M, Cerillo AG, Brecker S, Tchetche D, Lefevre
T, De Marco F, Fiorina C, Petronio AS, Teles RC, Testa L, Laborde JC,
Leon MB, Kornowski R; Valve-in-Valve International Data Registry
Investigators. Transcatheter aortic valve implantation in failed bioprosthetic
surgical valves. JAMA. 2014;312:162-170. doi: 10.1001/jama.2014.7246.

. Tuzcu EM, Kapadia SR, Svensson LG. Valve in valve: another milestone

for transcatheter valve therapy. Circulation. 2012;126:2280-2282. doi:
10.1161/CIRCULATIONAHA.112.133777.

. Gurvitch R, Cheung A, Ye J, Wood DA, Willson AB, Toggweiler S, Binder

R, Webb JG. Transcatheter valve-in-valve implantation for failed surgi-
cal bioprosthetic valves. J Am Coll Cardiol. 2011;58:2196-2209. doi:
10.1016/j.jacc.2011.09.009.

. Hamid NB, Khalique OK, Monaghan MJ, Kodali SK, Dvir D, Bapat VN,

Nazif TM, Vahl T, George I, Leon MB, Hahn RT. Transcatheter valve im-
plantation in failed surgically inserted bioprosthesis: review and practical
guide to echocardiographic imaging in valve-in-valve procedures. JACC
Cardiovasc Imaging. 2015:8:960-979. doi: 10.1016/j.jcmg.2015.01.024.

. Dvir D, Leipsic J, Blanke P, Ribeiro HB, Kornowski R, Pichard A,

Rodes-Cabau J, Wood DA, Stub D, Ben-Dor I, Maluenda G, Makkar
RR, Webb JG. Coronary obstruction in transcatheter aortic valve-in-valve
implantation: preprocedural evaluation, device selection, protection,
and treatment. Circ Cardiovasc Interv. 2015;8:¢002079. doi: 10.1161/
CIRCINTERVENTIONS.114.002079.

. Abdel-Wahab M, Comberg T, Biittner HJ, El-Mawardy M, Chatani K,

Gick M, Geist V, Richardt G, Neumann FJ; Segeberg-Krozingen TAVI
Registry. Aortic regurgitation after transcatheter aortic valve implanta-
tion with balloon- and self-expandable prostheses: a pooled analysis from
a 2-center experience. JACC Cardiovasc Interv. 2014;7:284-292. doi:
10.1016/j.jcin.2013.11.011.

. Sedaghat A, Sinning JM, Utzenrath M, Ghalati PF, Schmitz C, Werner

N, Nickenig G, Grube E, Ensminger S, Steinseifer U, Kuetting M.
Hydrodynamic performance of the Medtronic CoreValve and the Edwards
SAPIEN XT transcatheter heart valve in surgical bioprostheses: an in
vitro valve-in-valve model. Ann Thorac Surg. 2016;101:118-124. doi:
10.1016/j.athoracsur.2015.06.047.

. Willson AB, Rodes-Cabau J, Wood DA, Leipsic J, Cheung A, Toggweiler

S, Binder RK, Freeman M, DeLarochelliecre R, Moss R, Nombela-
Franco L, Dumont E, Szummer K, Fontana GP, Makkar R, Webb JG.
Transcatheter aortic valve replacement with the St. Jude Medical Portico
valve: first-in-human experience. J Am Coll Cardiol. 2012;60:581-586.
doi: 10.1016/j.jacc.2012.02.045.

Khawaja MZ, Haworth P, Ghuran A, Lee L, de Belder A, Hutchinson
N, Trivedi U, Laborde JC, Hildick-Smith D. Transcatheter aortic valve
implantation for stenosed and regurgitant aortic valve bioprostheses
CoreValve for failed bioprosthetic aortic valve replacements. J Am Coll
Cardiol. 2010;55:97-101. doi: 10.1016/j.jacc.2009.06.060.

Bapat V, Attia R, Redwood S, Hancock J, Wilson K, Young C, Thomas
M. Use of transcatheter heart valves for a valve-in-valve implantation in
patients with degenerated aortic bioprosthesis: technical considerations
and results. J Thorac Cardiovasc Surg. 2012;144:1372-1379, discussion
1379. doi: 10.1016/j.jtcvs.2012.07.104.

. Pibarot P, Weissman NJ, Stewart WJ, Hahn RT, Lindman BR, McAndrew

T, Kodali SK, Mack MJ, Thourani VH, Miller DC, Svensson LG,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Self-Expanding THVs in Failed Aortic Bioprosthesis

Herrmann HC, Smith CR, Rodés-Cabau J, Webb J, Lim S, Xu K, Hueter
I, Douglas PS, Leon MB. Incidence and sequelae of prosthesis-patient
mismatch in transcatheter versus surgical valve replacement in high-risk
patients with severe aortic stenosis: a PARTNER trial cohort—a analysis. J
Am Coll Cardiol. 2014;64:1323-1334. doi: 10.1016/j.jacc.2014.06.1195.
Kappetein AP, Head SJ, Généreux P, Piazza N, van Mieghem NM,
Blackstone EH, Brott TG, Cohen DJ, Cutlip DE, van Es GA, Hahn RT,
Kirtane AJ, Krucoff MW, Kodali S, Mack MJ, Mehran R, Rodés-Cabau J,
Vranckx P, Webb JG, Windecker S, Serruys PW, Leon MB. Updated stan-
dardized endpoint definitions for transcatheter aortic valve implantation:
the Valve Academic Research Consortium-2 consensus document. J Am
Coll Cardiol. 2012;60:1438-1454. doi: 10.1016/j.jacc.2012.09.001.
Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP 3rd,
Guyton RA, O’Gara PT, Ruiz CE, Skubas NJ, Sorajja P, Sundt TM 3rd,
Thomas JD; ACC/AHA Task Force Members. 2014 AHA/ACC guideline
for the management of patients with valvular heart disease: a report of the
American College of Cardiology/American Heart Association Task Force
on Practice Guidelines. Circulation. 2014;129:e521-e643. doi: 10.1161/
CIR.0000000000000031.

Simonato M, Webb J, Kornowski R, Vahanian A, Frerker C, Nissen H,
Bleiziffer S, Duncan A, Rodes-Cabau J, Attizzani GF, Horlick E, Latib A,
Bekeredjian R, Barbanti M, Lefevre T, Cerillo A, Hernandez JM, Bruschi
G, Spargias K, Iadanza A, Brecker S, Palma JH, Finkelstein A, Abdel-
Wahab M, Lemos P, Petronio AS, Champagnac D, Sinning JM, Salizzoni
S, Napodano M, Fiorina C, Marzocchi A, Leon M, Dvir D. Transcatheter
replacement of failed bioprosthetic valves: large multicenter assess-
ment of the effect of implantation depth on hemodynamics after aortic
valve-in-valve. Circ Cardiovasc Interv. 2016;9:¢003651. doi: 10.1161/
CIRCINTERVENTIONS.115.003651.

Ong SH, Bauernschmitt R, Schuler G, Mueller R. Short- and mid-term
safety and effectiveness of transcatheter aortic valve implantation in a fail-
ing surgical aortic bioprosthesis. Eur J Cardiothorac Surg. 2012;42:268—
276, discussion 276. doi: 10.1093/ejcts/ezs014.

Dvir D, Webb J, Brecker S, Bleiziffer S, Hildick-Smith D, Colombo A,
Descoutures F, Hengstenberg C, Moat NE, Bekeredjian R, Napodano
M, Testa L, Lefevre T, Guetta V, Nissen H, Hernandez JM, Roy D,
Teles RC, Segev A, Dumonteil N, Fiorina C, Gotzmann M, Tchetche D,
Abdel-Wahab M, De Marco F, Baumbach A, Laborde JC, Kornowski R.
Transcatheter aortic valve replacement for degenerative bioprosthetic sur-
gical valves: results from the global valve-in-valve registry. Circulation.
2012;126:2335-2344. doi: 10.1161/CIRCULATIONAHA.112.104505.
Webb JG, Dvir D. Transcatheter aortic valve replacement for biopros-
thetic aortic valve failure: the valve-in-valve procedure. Circulation.
2013;127:2542-2550. doi: 10.1161/CIRCULATIONAHA.113.000631.
Linke A. Multicentre clinical study evaluating a novel self-expanding
and resheathable transcatheter aortic valve system. PCR London Valves;
Berlin, Germany; September 20-22, 2015.

Jeger RV, Manoharan G, Kaiser CA. First-in-man Portico® transcatheter
aortic valve-in-valve implantation in a degenerated 19 mm Mitroflow®
aortic pericardial heart valve. Eurolntervention. 2014;9:1368. doi:
10.4244/E1JVII11A229.

Kim WK, Kempfert J, Walther T, Mollmann H. Transfemoral valve-
in-valve implantation of a St. Jude Medical Portico in a failing trifecta
bioprosthesis: a case report. Clin Res Cardiol. 2015;104:363-365. doi:
10.1007/300392-014-0803-2.

Maleki H, Shahriari S, Labrosse M, Rodés-Cabau J, Pibarot P, Kadem L.
Effect of aortic annulus size and prosthesis oversizing on the hemodynam-
ics and leaflet bending stress of transcatheter valves: an in vitro study. Can
J Cardiol. 2015;31:1041-1046. doi: 10.1016/j.cjca.2015.03.026.
Généreux P, Head SJ, Hahn R, Daneault B, Kodali S, Williams MR,
van Mieghem NM, Alu MC, Serruys PW, Kappetein AP, Leon MB.
Paravalvular leak after transcatheter aortic valve replacement: the new
Achilles’ heel? A comprehensive review of the literature. J Am Coll
Cardiol. 2013;61:1125-1136. doi: 10.1016/j.jacc.2012.08.1039.

Lerakis S, Hayek SS, Douglas PS. Paravalvular aortic leak after trans-
catheter aortic valve replacement: current knowledge. Circulation.
2013;127:397-407. doi: 10.1161/CIRCULATIONAHA.112.142000.
Liao YB, Meng Y, Zhao ZG, Zuo ZL, Li YJ, Xiong TY, Cao JY, Xu
YN, Feng Y, Chen M. Meta-analysis of the effectiveness and safety of
transcatheter aortic valve implantation without balloon predilation. Am J
Cardiol. 2016;117:1629-1635. doi: 10.1016/j.amjcard.2016.02.036.

Ye J, Cheung A, Yamashita M, Wood D, Peng D, Gao M, Thompson CR,
Munt B, Moss RR, Blanke P, Leipsic J, Dvir D, Webb JG. Transcatheter
aortic and mitral valve-in-valve implantation for failed surgical biopros-
thetic valves: an 8-year single-center experience. JACC Cardiovasc Interv.
2015;8:1735-1744. doi: 10.1016/j.jcin.2015.08.012.


http://circinterventions.ahajournals.org/

/102 ‘€T [1dy uo 19n6 Ag /610°S[eulno fete'suo nuaABIUIDII//:d1NY WO} papeo umoq

Circulation {pﬁ";z:‘;a"

Cardiovascular Interventions Associatione

Matched Comparison of Self-Expanding Transcatheter Heart Valvesfor the Treatment of
Failed Aortic Surgical Bioprosthesis: Insights From the Valve-in-Valve I nternational Data
Registry (VIVID)

Sami Alnasser, Asim N. Cheema, Matheus Simonato, Marco Barbanti, Jeremy Edwards, Ran
Kornowski, Eric Horlick, Harindra C. Wijeysundera, Luca Testa, Francesco Bedogni, Hafid
Amrane, Thomas Walther, Marc Pelletier, Azeem Latib, Jean-Claude Laborde, David
Hildick-Smith, Won-Keun Kim, Didier Tchetche, Marco Agrifoglio, Jan-Malte Sinning, Ad J.
van Boven, Joélle Kefer, Christian Frerker, Nicolas M. van Mieghem, Axel Linke, Stephen
Worthley, Anita Asgar, Carmelo Sgroi, Mina Aziz, Haim D. Danenberg, Marino Labinaz,
Ganesh Manoharan, Anson Cheung, John G. Webb and Danny Dvir
for the Vave-in-Valve International Data Registry Investigators

Circ Cardiovasc Interv. 2017;10:

doi: 10.1161/CIRCINTERVENTIONS.116.004392
Circulation: Cardiovascular Interventionsis published by the American Heart Association, 7272 Greenville
Avenue, Dallas, TX 75231
Copyright © 2017 American Heart Association, Inc. All rights reserved.
Print ISSN: 1941-7640. Online ISSN: 1941-7632

The online version of this article, along with updated information and services, islocated on the
World Wide Web at:
http://circinterventions.ahajournal s.org/content/10/4/e004392

Permissions. Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation: Cardiovascular Interventions can be obtained via RightsLink, a service of the Copyright
Clearance Center, not the Editorial Office. Once the online version of the published article for which
permission is being requested is located, click Request Permissions in the middle column of the Web page
under Services. Further information about this processis available in the Permissions and Rights Question and
Answer document.

Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints

Subscriptions: Information about subscribing to Circulation: Cardiovascular Interventionsis online at:
http://circinterventions.ahajournal s.org//subscriptions/



http://circinterventions.ahajournals.org/content/10/4/e004392
http://www.ahajournals.org/site/rights/
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circinterventions.ahajournals.org//subscriptions/
http://circinterventions.ahajournals.org/
https://www.researchgate.net/publication/316058430



