
E D I T O R I A L

The opinions expressed in this article are not necessarily those of the Editors of EuroIntervention or 
of the European Association of Percutaneous Cardiovascular Interventions.

e377

EuroIntervention 2
0
1
8

;14
:e

3
7

7-e
3

79 published online e
-edition July 2

0
1
8

 
D

O
I: 10

.4
2

4
4

/E
IJV14

I4
A

6
6

© Europa Digital & Publishing 2018. All rights reserved.

*Corresponding author: Evanston Hospital, Cardiology Division-Walgreen Building 3rd Floor, 2650 Ridge Ave, Evanston, 
IL 60201, USA. E-mail: tfeldman@tfeldman.org

Valve-in-valve TAVR using the SAPIEN 3 transcatheter heart 
valve: still plagued by patient-prosthesis mismatch

John T. Saxon1,2, MD; David J. Cohen1,2, MD, MSc; Ted Feldman3*, MD, FESC, FACC, MSCAI

1. Saint Luke’s Mid America Heart Institute, Kansas City, MO, USA; 2. University of Missouri, Kansas City School of Medicine, 
Kansas City, MO, USA; 3. NorthShore University Health System, Evanston, IL, USA

Valve-in-valve (VinV) transcatheter aortic valve replacement 
(TAVR) has become a well-established therapy for patients with 
failed surgical bioprosthetic valves (BPV) who are at high risk 
for reoperation1. In the largest series to date, VinV TAVR dem-
onstrated a one-year survival rate of 83.2%, which was similar 
to that of patients undergoing native aortic stenosis (AS) TAVR 
in high-risk populations2,3. Of note, in that series, most patients 
(53.4%) were treated with a second-generation balloon-expand-
able transcatheter heart valve (THV), namely the SAPIEN XT 
THV (Edwards Lifesciences, Irvine, CA, USA).

Over the decade since its introduction for the treatment of 
native AS, iterative modifications to THV design and function-
ality as well as advances in imaging and procedural technique 
have led to a dramatic improvement in both safety and patient 
outcomes over the original procedures4. In particular, the second-
generation SAPIEN XT valve has now been largely replaced by 
the SAPIEN 3 valve (Edwards Lifesciences), which has several 
new features specifically designed for use in native AS TAVR. 
These include a fabric cuff to reduce paravalvular leak (PVL), 
a longer stent frame to simplify deployment positioning within 
the native aortic annulus, and a smaller crimped profile (18-21 Fr 
outer diameter) that allows introduction into smaller (14-16 Fr) 
expandable sheaths. The performance of the SAPIEN 3 in native 
AS has been promising4. What is not known to date, however, is 

whether the SAPIEN  3 THV would perform as well as or better 
than the SAPIEN XT in VinV TAVR.

In this issue of EuroIntervention, Seiffert and colleagues have 
used an expanded data set from the VIVID registry to answer that 
very question5.

Article, see page 397

They report the procedural and intermediate-term outcomes 
of 514 patients who underwent VinV TAVR using SAPIEN XT 
(n=370) and SAPIEN 3 (n=144) THVs. Because of the retrospec-
tive, observational nature of the VIVID registry, the authors made 
an effort to minimise confounding between the two groups by 
using inverse probability of treatment (IPT) weighting according 
to the propensity to receive one or other valve. After applying 
IPT weighting, the resulting groups had roughly similar baseline 
characteristics and predicted surgical risk (STS PROM 8.6±6.6% 
for the SAPIEN 3, 7.3±5% for the SAPIEN XT), but some resid-
ual baseline differences between the two groups remained. For 
example, there was a larger proportion of patients with a small 
surgical bioprosthesis (≤19 mmHg) in the XT group than in the 
SAPIEN 3 group.

Not surprisingly, the SAPIEN 3 valve performed well. The 
results of SAPIEN 3 as compared with SAPIEN XT VinV pro-
cedures mirror those in native AS TAVR. Rates of permanent 
pacemaker placement were slightly higher with SAPIEN 3 than 
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XT (6.0% vs. 2.5%, p=0.071), while the rate of residual para-
valvular regurgitation was lower (none 85.4% vs. 69.6%; mild 
12.5% vs. 25.2%; moderate or greater 2.1% vs. 5.2%; p<0.001). 
In addition, all-cause mortality at 30 days trended in favour of 
SAPIEN 3 (0.6%) versus XT (3.5%, p=0.077), although this result 
is unlikely to be related to the haemodynamic performance of the 
THV since there was no difference in residual mean transvalvu-
lar gradient between the two devices (SAPIEN 3, 16.9 mmHg; 
XT, 17.4 mmHg, p=0.536). Most likely, the observed difference in 
early mortality reflects the substantial increase in the use of trans-
femoral access afforded by the SAPIEN 3 THV as compared with 
XT (88.2% vs. 58.5%, p<0.001), with corresponding reductions 
in the incidence of VARC major/life-threatening bleeding (1.9% 
vs. 6.0%; p=0.065). It is also possible that the difference in short-
term mortality could be related to greater operator experience in 
the SAPIEN 3 group, since these implants occurred at a later time 
than the majority of the SAPIEN XT implants.

The results of this study are important for contemporary clini-
cal practice, and they add to the growing knowledge in the dis-
cipline of VinV TAVR. Nonetheless, one should be somewhat 
circumspect about the strength of conclusions that can be drawn 
from these observational data. As noted previously, the method 
of risk adjustment using IPT weighting resulted in roughly simi-
lar but still distinct groups with respect to observed covari-
ates. Furthermore, as with any observational study, there is also 
the very real possibility that some of the results can also be 
explained by unmeasured confounding. What is clear, however, 
is that, notwithstanding the important limitations noted above, the 
SAPIEN 3 THV performed at least as well as, and possibly bet-
ter than, the second-generation SAPIEN XT THV. Based on this 
study, operators should have no hesitation in transitioning from 
the SAPIEN XT to the SAPIEN 3 valve during VinV procedures 
if a balloon-expandable THV is chosen.

Perhaps the most important message from this study is that the 
SAPIEN 3 device does not overcome the most important limi-
tation of balloon-expandable THVs for VinV TAVR – patient-
prosthesis mismatch (PPM). As in previous studies, a substantial 
proportion of patients had a residual mean transvalvular gra-
dient of >20 mmHg with either the SAPIEN 3 or SAPIEN and 
XT THVs (38.3% vs. 35.7%, p=0.627). In order to gain a deeper 
understanding of this issue, the authors examined the relationship 
between implant depth and residual gradient in a subset of patients 
who underwent SAPIEN 3 implantation. The results of this careful 
analysis were sobering: even in the group with an optimal implant 
depth (defined as <20% of the stent frame extending below the 
surgical BPV annulus), a substantial proportion had residual gra-
dients ≥20 mmHg after VinV TAVR5. These findings demonstrate 
that, even though a high implant depth has been suggested as 
a method to address PPM, this approach does not fully address 
this limitation imposed by intra-annular THVs6,7. 

The relationship between PPM and increased mortality is 
well established for both surgical AVR and VinV TAVR. Using 
data from the VIVID registry, Dvir and colleagues noted a strong 

association between the size of the surgical BPV and one-year 
mortality (higher with smaller valves)1. Although presence of 
severe PPM was not directly associated with increased mortal-
ity in the original VIVID data, the presence of a residual gradient 
>20 mmHg was a strong predictor of mortality in the PARTNER 2 
Valve-in-Valve Registry, which used SAPIEN XT THVs in high-
risk patients8. Finally, Pibarot and colleagues have demonstrated 
a clear association between the presence of pre-existing PPM 
within the surgical BPV and increased mortality following VinV 
TAVR9.

Recently, a novel technique, bioprosthetic valve fracture (BVF), 
has been developed wherein the surgical BPV ring is fractured by 
means of high-pressure balloon inflation using a non-compliant 
valvuloplasty balloon in order to dilate the BPV and permit fur-
ther expansion of the THV10-12. This technique has been shown 
to improve the haemodynamic results of VinV TAVR in patients 
at risk for PPM13-17. In the largest series to date, the mean trans-
valvular gradient was reduced from 41.9 mmHg pre-procedure 
to 20.5 mmHg after VinV TAVR, and further reduced from 20.5 
mmHg to 6.7 mmHg following BVF (p<0.001 for both compari-
sons). These mean gradients correspond to calculated effective ori-
fice areas of 0.6 cm2, 1.0 cm2, and 1.7 cm2, respectively. As such, 
the benefit of BVF to improve the immediate procedural results of 
VinV TAVR is clearly evident.

Bench testing of clinically available BPV has also supported 
this concept, as most commercially available BPV can be frac-
tured with a high-pressure balloon inflation using a non-compli-
ant, Kevlar-wrapped valvuloplasty balloon13,16. Nonetheless, BVF 
may carry an increased risk in addition to that of stand-alone VinV 
TAVR17, such that procedural complications and best practices 
will need to be further characterised as this technique is offered to 
a wider population of patients. Longer-term follow-up of patients 
undergoing BVF will also be necessary to understand whether the 
initial haemodynamic benefits are sustained and whether there 
are any adverse consequences with respect to valve durability. 
Finally, the advent of surgical BPV with intentionally expandable 
rings (e.g., the INSPIRIS RESILIA BPV; Edwards Lifesciences) 
may also offer a solution if VinV procedures are later required. 
Whether future iterations of surgical BPV will have features to 
prevent PPM, and whether these valves will have wide adoption 
by cardiothoracic surgeons, remains to be seen.

In any event, it is clear from the continued work of the VIVID 
registry, the advent of BVF to facilitate VinV TAVR, and the intro-
duction of expandable surgical valves, that operators and industry 
understand the problem of PPM and are making strides to address 
this challenge. Undoubtedly, these advances will lead to the con-
tinued use of VinV TAVR as an effective therapy for patients now 
and in the future.
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