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To date, comparisons between the balloon-expandable Edwards Sapien S3 (S3) versus the
self-expanding Evolut R or PRO (Evolut) valves have been limited with respect to proce-
dural outcomes. We aim to compare the safety, efficacy, and procedural efficiency of the
S3 versus the Medtronic Evolut bioprostheses in patients who underwent transcatheter
aortic valve implantation for severe aortic stenosis. Retrospective analysis was performed
of all consecutive transcatheter aortic valve implantation procedures performed through
the transfemoral approach with either S3 or Evolut at our hospital between September
2015 and January 2019. A total of 581 patients were included. There were no significant
differences between S3 (n=452) and Evolut (n=129) concerning in-hospital or 30-day
safety outcomes. S3 was associated with significantly shorter fluoroscopy times, lower fluo-
roscopy Air Kerma, and higher contrast use. S3 had lower postprocedure aortic valve
area (1.71 % 0.45 vs 1.84 £ 0.50 cm?, p = 0.004), larger peak gradient at 30 days (10.7 +
3.8 vs 7.0 £ 3.2 mm Hg, p <0.001), and lower aortic regurgitation (AR) rates postproce-
dure (47% vs 33%, p = 0.024) and at 30 days (50% vs 33%, p = 0.008), driven by mild AR.
Device type was an independent predictor of AR postprocedure and at 30 days. Patients
with >mild AR were more likely to have had Evolut valves (odds ratio =2.94, p <0.001),
especially in larger valves (>26 mm). Severe prosthesis-patient mismatch was higher in S3
(14.8% vs 7.9%, p <0.001). In conclusion, S3 is associated with less radiation exposure,
higher contrast use, and lower incidence of AR at 30 days. Alternately, S3 has a higher
transaortic gradient at 30 days, and higher levels of severe prosthesis-patient mis-

match. © 2019 Elsevier Inc. All rights reserved. (Am J Cardiol 2019;124:1621—-1629)

Transcatheter aortic valve implantation (TAVI) is the
treatment of choice for patients with severe, symptomatic
aortic stenosis and prohibitive surgical risk, and an alterna-
tive to conventional surgical aortic valve replacement
(SAVR) in patients with high, intermediate, and most
recently low surgical risk." The improvement in TAVI
safety and efficacy has been largely related to technological
improvements in valve design. The balloon-expandable S3
(Edwards LifeSciences, Irvine, CA) and the self-expanding
Evolut valve (Evolut R and Evolut Pro, Medtronic, Minne-
apolis, MN) are the predominant devices used in the United
States recently. Intrinsic differences between these 2 devi-
ces include inherent implications of balloon-expandable
versus self-expanding valve deployment, the availability of
prosthesis skirts to enable better valve sealing, and

“Division of Cardiology, University of Connecticut, Farmington, Con-
necticut; Division of Interventional Cardiology, Hartford Hospital, Hart-
ford, Connecticut; Trillium Health Partners, University of Toronto,
Mississauga, Ontario, Canada; and 9Division of Cardiology, Gates Vascu-
lar Institute, University at Buffalo, Buffalo, New York. Manuscript
received June 21, 2019; revised manuscript received and accepted August 12,
2019.

Funding: None involved in this work.

See page 1628 for disclosure information.

*Corresponding author: Tel: (860) 972-2975.

E-mail address: raymond.mckay @hhchealth.org (R.G. McKay).

0002-9149/© 2019 Elsevier Inc. All rights reserved.
https://doi.org/10.1016/j.amjcard.2019.08.014

prosthesis placement in an annular versus supra-annular
position. These differences are proposed as the basis for
possible superiority of either device with respect to the inci-
dence of procedural complications, hemodynamic improve-
ments, incidence of paravalvular aortic regurgitation (AR),
and prosthesis-patient mismatch (PPM).”~’ To date, head-
to-head comparisons between S3 and Evolut have been lim-
ited. The aim of our study is to describe the differences
between S3 and Evolut with respect to in-hospital and
30-day clinical outcomes, procedural efficiency and hemo-
dynamics, AR, and PPM.

Methods

This is a retrospective, observational study conducted at
an 890-bed tertiary-care medical center, Hartford Hospital,
in Hartford, Connecticut. The Institutional Review Board
(Assurance #FWA000000601) approved the study as it met
the criteria for a waiver of the requirement to obtain
informed consent.

From a total cohort of 1,060 TAVI procedures per-
formed between September 2012 and January 2019, 581
consecutive patients treated with S3, Evolut R, or Evo-
lut PRO underwent retrospective analysis. Patients who
underwent nonfemoral access, valve-in-valve cases in
patients who previously underwent SAVR, and patients
with incomplete records submitted to the Society of
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Thoracic Surgeons/American College of Cardiology (STS/
ACC) Transcatheter Valve Therapy (TVT) Registry were
excluded from the analysis. Final comparisons were made
between 452 S3 patients and 129 Evolut patients (72 Evo-
lut R, 57 Evolut PRO). All reported outcomes conformed
to the Valve Academic Research Consortium (VARC-2)
definitions.*”’

All patients underwent evaluation by a multidisciplinary
valve committee with a preprocedure review of catheteriza-
tion, echocardiographic, and multislice computed tomogra-
phy data to document the severity of aortic stenosis and
suitability for TAVI. Baseline STS-predicted risk of 30-day
mortality (STS-PROM), as well as incremental risk assess-
ment based upon functional assessment including patient
frailty, severe pulmonary and hepatic disease, porcelain
aorta, and hostile mediastinum, was determined for all
patients. Patients were classified as extreme-risk (>50%
probability of death or serious irreversible complication),
high-risk (STS-PROM >8 with <50% probability of death)
or intermediate-risk (STS-PROM >4 and <8). Valve choice
for each patient was made by the treating cardiothoracic
surgeon and interventional cardiologist.

Procedures were performed in a hybrid catheterization
laboratory using conscious sedation or general anesthesia.
Transthoracic echocardiographic monitoring was used in
conscious sedation, and transesophageal for general anes-
thesia cases. Standard techniques for implantation of the S3
(20, 23, 26, 29 mm), Evolut R (23, 26, 29, 34 mm), and
Evolut PRO (23, 26, 29 mm) valves were employed in
patients with annular diameters between 18 and 30 mm.
Patients with a baseline AV area <0.7 cm? underwent bal-
loon valvuloplasty before prosthesis insertion. Postdilation
was performed in all patients who demonstrated >mild AR
by echocardiography or aortography. Maximal balloon
diameters for postdilation was determined by pre-TAVI
CTA annular measurements, with a limit of 20% oversizing
for S3 and the mean of the aortic annular diameter for
Evolut.

Baseline demographics, previous cardiac history and
risk factors, pre-TAVI catheterization, echocardiographic
and radiographic findings, STS and incremental surgical
risk, functional characteristics, and procedural characteris-
tics were compared between the S3 and Evolut valve
cohorts. Follow-up outcome measures included in-hospital
and 30-day mortality, in-hospital and 30-day TIA/stroke,
composite bleeding and vascular complications, cardiac
arrest, conduction disturbance requiring permanent pace-
maker placement, conversion to open heart surgery, a new
requirement for dialysis, and coronary compression or
obstruction. Follow-up echocardiographic comparisons
included in-hospital (within 24 hours postprocedure) and
30-day left ventricular ejection fraction (LVEF), aortic
valve (AV) area, AV mean gradient, AV peak velocity,
and incidence of AR graded as none, trace, mild, moder-
ate, or severe. Based on the discharge echocardiographic
effective valve area indexed to body surface area, PPM
was calculated for all patients and was classified as none
(>0.85 cm?/m?), moderate (0.65 to 0.85 cm*m?), or
severe (<0.65 cm?/m?). Variables and all echocardio-
graphic measurements were as defined by the STS/ACC
TVT Registry data dictionary.'”

Continuous variables are expressed as mean + SD or
median (interquartile range) and were compared with a
Student’s ¢ test or the Mann-Whitney U test, respectively.
Categorical variables were analyzed using the chi-square
test or Fisher’s exact test. Post hoc Bonferroni corrections
were applied to adjust for multiple comparisons. Event rates
were generated using the Kaplan-Meier method, and log-
rank tests were used for group comparisons. Propensity
matching of S3 and Evolut was performed subanalysis to
eliminate baseline differences in body surface area, annulus
diameter, and STS risk score. Binary logistic regression
was performed by entering predictors and potential con-
founders of >mild AR at 30 days using a p <0.15 cutoff.
All effects were considered significant at p <0.05. The sta-
tistical analyses were performed with SPSS 21.0 (SPSS,
Chicago, IL).

Results

Baseline demographics and clinical characteristics of
452 S3 patients and 129 Evolut patients (72 Evolut R, 57
Evolut PRO) are shown in Table 1. The S3 group had a
higher BSA, as well as a lower STS score. Nonetheless, the
distribution of individual risk categories (e.g., intermediate,
high, and inoperable), determined by STS-PROM plus
incremental risk assessment, was comparable between the 2
cohorts. The 2 groups were otherwise well matched for
demographic parameters. There were no significant differ-
ences between the S3 and Evolut groups concerning base-
line echocardiographic measurements including LVEF,
AV area, AV mean gradient, peak AV velocity, or degree
of AR. The S3 group had a slightly larger aortic annulus
diameter.

Table 2 lists in-hospital and 30-day outcomes for the
study cohorts. There were no differences between S3 and
Evolut with respect to in-hospital mortality or 30-day
mortality. Device implantation was successful in all
patients. There were no significant differences in the
rates of TIA or strokes in-hospital or at 30 days between
the 2 groups. Similarly, there were no significant differences
concerning composite bleeding/vascular complications, need
for dialysis, or the need for implantation of a permanent
pacemaker.

Table 3 lists the procedural characteristic for the study
groups. There was no difference between the 2 cohorts con-
cerning the use of conscious sedation, procedure duration,
valve embolization, cardiac arrest during the procedure,
coronary obstruction, or conversion to SAVR. S3 proce-
dures were associated with shorter fluoroscopy times, lower
Air Kerma, and higher contrast use. The need for valve
postdilation was lower in the S3 group compared with Evo-
lut. There was no difference between the 2 groups concern-
ing valve embolization, cardiac arrest during the procedure,
coronary obstruction, or conversion to SAVR.

As summarized in Table 4, there were no significant dif-
ferences between the 2 groups with respect to postprocedural
and 30-day follow-up LVEF. Postprocedure, calculated AV
area was significantly lower for the S3 group. Postprocedure
mean AV gradient was not significantly different between
the S3 and Evolut groups. At 30 days, however, S3 patients
had a higher mean gradient.
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Table 1
Baseline demographics and clinical characteristics of the groups
Variable Sapien 3 (n=452) Evolut R/Pro (n=129) p Value
Age (y) 81.3+8.2 820+7.8 0.410
Women 200 (44%) 62 (48%) 0.443
Body surface area (m?) 1.90 £+ 0.25 1.83 £ 0.25 0.005
Body mass index (kg/m?) 28.38 £6.27 27.36 £5.52 0.097
White 438 (97%) 124 (96%) 0.661
Hypertension 409 (90%) 117 (91%) 0.942
Diabetes mellitus 139 (31%) 41 (32%) 0.823
Smoker (current or within 1 year) 16 (4%) 9 (7%) 0.090
Previous myocardial infarction 110 (24%) 25 (19%) 0.240
Previous percutaneous intervention 109 (24%) 21 (16%) 0.060
Previous coronary bypass 77 (17%) 29 (22%) 0.158
Atrial fibrillation/flutter 334 (74%) 102 (79%) 0.260
Previous stroke 45 (10%) 13 (10%) 0.968
Previous transient ischemic attack 39 (9%) 6 (5%) 0.136
End stage renal disease requiring dialysis 11 (35) 3 (2%) 0.843
Chronic lung disease #N/A #N/A 0.647

No-Mild 296 (67%) 76 (63%)

Moderate 59 (13%) 17 (14%)

Severe 90 (20%) 29 (24%)
Forced expiratory volume in one second (% predicted) 712 £23.6 72.1+£273 0.723
Diffusing capacity of the lungs for carbon monoxide (% predicted) 743 +£22.1 70.1 £21.2 0.085
Creatinine (mg/dL) 1.31+1.24 1.39 £ 1.13 0.520
Hemoglobin (g/dL) 11.64 £2.13 11.56 £ 1.71 0.683
International normalized ratio 1.10£0.18 1.08 £ 0.24 0.458
Albumin (g/dL) 3.77 £0.45 3.70 + 0.59 0.137
Society of Thoracic Surgeons Risk Score (%) 9.91 +£7.09 13.04 £9.07 <0.001

Intermediate risk 123 (27%) 27 (21%)

High risk 238 (53%) 65 (50%)

Inoperable/extreme risk 91 (20%) 37 (29%)
Kansas City Cardiomyopathy Questionnaire 12 50.05 £ 2.07 46.49 £24.77 0.161
Aortic valve annulus size (mm) 24.85 +2.47 24.03 +2.59 0.001
Aortic valve peak velocity (m/s) 4.14 £0.66 4.12 £0.61 0.693
Aortic valve peak gradient (mm Hg) 70.55 £ 22.35 70.16 £ 20.94 0.865
Mitral valve regurgitation #N/A #N/A 0.876

None 12 (4%) 3(3%)

Trace/trivial 46 (16%) 19 (19%)

Mild 134 (48%) 51 (50%)

Moderate 75 (27%) 23 (23%)

Severe 12 (4%) 5(5%)
Aortic regurgitation #N/A #N/A 0.406

None 91 21%) 26 (21%)

Trace/trivial 83 (19%) 32 (26%)

Mild 197 (45%) 51 (41%)

Moderate 59 (13%) 15 (12%)

Severe 11 2%) 1(1%)
Number narrowed coronary arteries #N/A916 #N/A 0.919

None 97 (21%) 27 (21%)

1 78 (17%) 18 (14%)

>2 274 (60%) 83 (64%)
Left main stenosis >50% 36 (8%) 13 (10%) 0.446
Proximal left anterior descending stenosis >70% 86 (19%) 26 (20%) 0.774
Heart failure prior 2 weeks 254 (56%) 82 (64%) 0.135
New York Heart Association Class (within 2 weeks) #N/A #N/A 0.476

I 32 (7%) 15 (12%)

I to III 330 (73%) 88 (69%)

v 83 (18%) 25 (19%)

Values are number (%), mean + SD, unless otherwise indicated.
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Table 2
In-hospital and 30-day clinical outcomes
Variable Sapien 3 (n=452) Evolut R/Pro (n=129) p Value
In-hospital mortality 4 (0.9%) 1(0.8%) 0.91
30-day mortality 5(1.1%) 3(2.3%) 0.29
In-hospital transient ischemic attack/stroke 7 (1.6%) 3(2.3%) 0.46
30-day transient ischemic attack/stroke 8 (1.8%) 3(2.3%) 0.71
Composite bleed/vascular compromise* 55 (12.2%) 17 (13.3%) 0.75
Need for dialysis 1 (0.2%) 0 (0%) 0.99
Need for permanent pacemaker 71 (15.8%) 27 (21.1%) 0.16
* The composite outcome of bleed/vascular adverse events as defined by the STS/ACC TVT Registry’s Adverse Event Definitions v2.0.
Table 3
Procedural characteristics
Variable Sapien 3 (n=452) Evolut R/Pro (n=129) p Value
Conscious sedation 361 (80%) 95 (74%) 0.431
Procedure duration (min) 84.5+£392 84.3 £29.8 0.940
Contrast volume (mL) 101.6 +=42.1 91.3+47.7 0.018
Fluoroscopy time (min) 221£72 253 +£249 0.019
Dose area product (mGy.cm2) 42,493 + 41,074 45,297 £+ 38,798 0.493
Air Kerma (mGy) 868.19 + 892.08 1,316 £ 1,223 <0.001
Valve postdilation 113 (25.0%) 45 (34.9%) 0.033
Valve embolization 1(0.8%) 0 (0%) 0.221
Cardiac arrest 10 (2.2%) 1(0.8%) 0.470
Coronary obstruction 1(0.2%) 0 (0%) 0.332
Conversion to surgical aortic valve replacement 0 (0%) 0(0%) -
Values are number (%) or mean £ SD, unless otherwise indicated.
Table 4
Comparison of short-term echocardiographic data
Variable S3 (n=452) Evolut R/Pro (n=129) p Value
Left ventricular ejection fraction (%)
Preprocedure 548+ 153 55.5+14.7 0.638
30-day 557+ 125 56.1 +1.8 0.781
Aortic valve mean gradient (mm Hg)
Preprocedure 41.96 £ 13.91 41.57 £12.48 0.772
Postprocedure 7.73 £ 15.06 6.78 £ 12.74 0.721
30-day 10.68 £ 3.77 6.98 +3.24 <0.001
Aortic valve area (cm?)
Preprocedure 0.70 £ 0.27 0.73 £0.24 0.255
Postprocedure 1.71 £ 0.45 1.84 £ 0.50 0.004
Postprocedure aortic regurgitation <0.001
None 211 (47%) 43 (33%) 0.024
Trace/trivial 141 (32%) 34 (26%) 0.868
Mild 89 (20%) 49 (38%) <0.001
Moderate 6 (1%) 3 (2%) 0.999
Severe 0 (0%) 0(0%) -
30-day aortic regurgitation <0.001
None 205 (50%) 33 (33%) 0.008
Trace/trivial 94 (23%) 18 (18%) 0.999
Mild 100 (25%) 44 (44%) 0.008
Moderate 9 (2%) 6 (6%) 0.188
Severe 0 (0%) 0(0%) -
Prosthesis-patient mismatch (cm?*/m?)
None (>0.85) 239 (53.7%) 86 (68.3%) 0.011
Moderate (0.65 to 0.85) 140 (31.5%) 30 (23.8%) 0.073
Severe (<0.65) 66 (14.8%) 10 (7.9%) 0.035

Values are number (%), mean =+ SD, unless otherwise indicated.
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Figure 1. Postprocedure and 30-day rate of aortic regurgitation of different severities stratified by device type. In both postprocedure and 30-day follow-up,
the S3 group had a significantly higher degree of freedom from any AR and a significantly lower incidence of mild AR (p <0.05).

Postprocedure and 30-day rate of AR stratified by device
type are illustrated in Figure 1. Postprocedure, the S3 group
had a higher degree of freedom from any AR (47% vs 33%,
p <0.024), and a lower incidence of mild AR (20% vs 38%,
p <0.001). These findings were also present at 30 days,
where the freedom from any degree of AR was higher in the
S3 group (50% vs 33%, p =0.008), with lower rates of mild
AR at 30 days (25% vs 44%, p =0.008). There was no differ-
ence in the incidence of moderate AR between the 2 groups,
and there were no cases of severe AR in either cohort.

PPM was absent in 57% of the total population, 53.7% of
S3 and 68.3% of Evolut patients (p =0.011). S3 patients had
a trend in higher incidence of moderate PPM and signifi-
cantly higher incidence of severe PPM. As shown in
Figure 2, subgroup analysis of PPM performed according to
the valve size, irrespective of the valve type, revealed higher
rates of PPM with sizes <23 mm compared with >23 mm
(54.1% vs 39.7%, p=0.003).

Univariate predictors of >mild AR at 30 days included
age, higher BMI, higher BSA, previous HF, diabetes,
PPM <0.85 cm2/m2, previous PCI, and Evolut use. Based
upon multivariate logistic regression, BMI, diabetes,
PPM <0.85 cmz/mz, and Evolut use were found to be sig-
nificant independent predictors. Results of this regression
analysis are listed in Table 5, where device type was the
most significant predictor of >mild AR at 30 days.

Subgroup analyses by valve type were analyzed for
significant predictors of >mild AR at 30 days, the S3
cohort did not reveal a relation between valve size
(S3 >26 mm vs S3 <26 mm) and incidence of >mild AR
(odds ratio [OR]=0.75, p=0.637). This was also true
for the Evolut valves (>26 mm vs <26 mm; OR =0.54,
p=0.465). However, in the subgroup analysis by valve
size, Evolut had a higher incidence of >mild AR at 30 days
compared with S3 in smaller valve sizes (Evolut <26 mm
vs S3 <26 mm; OR =2.72, p=0.017), and was more pro-
nounced in larger valves (Evolut >26 mm vs S3 >26 mm;
OR =3.33, p=0.002). Figure 3 illustrates the differences
in the incidence of >mild AR between the valve types and
sizes.

In a subgroup analysis of Evolut R and Evolut PRO, Evo-
Iut R was more likely to have >mild AR than both the S3
(OR=5.3 [2.6 to 10.6], p <0.001), and the Evolut PRO
(OR=4.5 [1.7 to 11.8], p=0.002). However, there was no
significant difference in the likelihood of >mild AR between
S3 and Evolut-PRO (OR =1.2 [0.5 to 2.7], p=0.70).

To remove potential baseline confounders, patients
receiving S3 and Evolut valves were matched 1:1 for BSA,
STS-risk score, and annular diameter. This yielded 113
patients in each group and resulted in similar differences
between the S3 and Evolut outcomes (Table S1 and Figure
S1 in Supplement). The propensity-matched subset of S3
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Figure 2. Differences in incidence of patient-prosthesis mismatch (PPM) stratified by device types and sizes. *Valves >23 mm, regardless of valve type, have
significantly lower incidence of PPM in comparison with valves <23 mm (p <0.05). In valves >23 mm, Medtronic Evolut R/PRO has significantly lower

incidence of PPM (<0.85 cm?*/m?) than Edward Sapien 3 (p <0.05).

and Evolut revealed that the Evolut cohort displayed more
AR both postprocedure and at 30 days.

Discussion

This retrospective study has demonstrated significant
differences in procedural characteristics and hemodynamic
outcomes in TAVI patients treated with either the balloon-
expandable S3 or the self-expanding Evolut valve. Valve
choice was the most significant independent predictor of
AR. Studies of earlier generation valves revealed that valve
type plays a significant role in device success due to a sig-
nificantly lower rate post-TAVI AR."'""'? Therefore, modi-
fications in the design of newer valves were to reduce post-
TAVI AR. The Evolut R design includes a skirt extending
at the in-flow aspect of the valve. The Evolut PRO design
adds a porcine pericardial tissue wrap around the outer seal-
ing zone of its frame. Similarly, the S3 design includes an
outer skirt to occlude any residual cavity between the native
annulus and the prosthetic valve. Several studies showed
that these changes resulted in a reduction of AR and higher
device success rates compared with earlier devices.”"”

Studies comparing S3 and Evolut concerning post-TAVI
AR have been limited and variable.'*”'® Ben-Shoshan et al
showed no significant difference in the incidence of moder-
ate or severe AR between S3 and Evolut R,16 as did the
recently reported SOLVE-TAVI trial at 30-day follow-
up.'” These observations are in contrast with a smaller

study of 144 patients by Enriquez-Rodriguez that demon-
strated that S3 was associated with a lower rate of moderate
and severe AR compared with Evolut R.'* The authors of
this study partially attributed the increased rate of AR in the
Evolut group due to more Evolut patients requiring >26 mm
valve sizes. As documented in our study, differences in AR
between S3 and Evolut were most prominent in larger
annuli.

Differences between S3 and Evolut AR in the present
study were driven primarily by a higher incidence of no AR
and a lower incidence of mild AR in the S3 group. There
was no significant difference in moderate AR, and severe
AR was absent in both cohorts. Although some reports had
suggested that mild post-TAVI AR is usually benign,'”'*
other studies have shown that even mild AR is considered
an adverse prognostic indicator.'”~?!" A previous meta-anal-
ysis showed that mild AR was significantly associated with
increased mortality in an overall pooled analysis.” Further-
more, in a recently published study from the Japanese
OCEAN-TAVI registry including 1,572 patients, a signifi-
cant increase in the incidence of heart failure rehospitaliza-
tion was demonstrated in patients with that had mild AR
post-TAVI compared with patients with none or trivial.”'

We found that Evolut PRO has a lower likelihood for
developing AR compared with Evolut R, with similar inci-
dence as the S3. This may be due to the improved seal in
Evolut PRO, which is more similar to the S3, with the peri-
cardial tissue wrap located on the outer part of the frame.
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Figure 3. Differences in incidence of >mild AR at 30 days stratified by device types and sizes. *When including all valve sizes, Evolut R/PRO valves has a
significantly higher incidence of >mild AR in comparison with Edward Sapien 3 (p <0.05).

This is in agreement with a previous study that showed a
significant improvement in Evolut PRO over the Evolut R
concerning AR rates.”

The impact of mild AR post-TAVI will depend on
whether AR worsens, stabilizes, or improves with time.
Some studies found a higher progression of AR to moderate
and severe with worse symptoms in patients with mild AR
compared with no AR post-TAVL*® Although it is postu-
lated that AR may lessen with time with self-expanding bio-
prostheses, there was no improvement observed in the
present study in Evolut patients between discharge and
30 days. Therefore, longer follow-up studies are needed to
determine the long-term impact of AR.

Table 5

Predictors of mild-or-greater aortic regurgitation at 30-day follow-up
Variable Oddsratio CI  p Value
Age (y) 1.00 0.97-1.03 0.837
Body mass index (kg/m?) 0.94  0.89-0.99 0.038
Body surface area (m?) 0.99 0.23-4.25 0.989
Heart failure (prior 2 weeks) 0.73  0.47-1.13 0.154
Diabetes mellitus 0.47  0.28-0.80 0.006
Patient-prosthesis mismatch <0.85 (cm*m? 174 1.09-2.78 0.021
Prior percutaneous intervention 0.68 0.38-1.21 0.189
Device type: Evolut R/Pro* 294 1.67-5.16 <0.001
Device size: <26 mm! 1.13 0.66-1.93 0.662

*In comparison with S3.
T In comparison with >26 mm.

We document a 43.1% incidence of PPM in the entire
study population, including severe PPM in 13.3%. This is
consistent with previous literature in terms of a higher rate
of PPM in new-generation devices.”*”” It is postulated that
the use of an outer skirt can result in a reduced subannular
orifice, leading to an increased prosthetic AV gradient and
higher incidence of PPM. Our study agrees with previous
reports in that the severe PPM rate is significantly higher in
S3 compared with the Evolut valve. Abdelghani et al
reported an incidence of moderate and severe PPM for S3
were 33.1% and 14.7%, compared with 23.3% and 3.5% for
Evolut R/PRO.” The supra-annular location of the self-
expanding prosthesis has been postulated to result in a
larger effective valve orifice area. Support for this concept is
provided by Jiaihawi et al who demonstrated that optimal
positioning of a self-expanding prosthesis with reduced left
ventricular depth was associated with a reduction in moder-
ate/severe PPM from 48% to 15%. Regardless of valve type,
we also found that rates of PPM are higher in smaller valves,
in agreement with previous studies that have demonstrated
that valve size <23 mm is a predictor for severe PPM.*°

The long-term impact of PPM post-TAVI remains con-
troversial. A recent report by Herrmann et al demonstrated
that patients with severe PPM had increased late mortality
and heart failure rehospitalization, whereas those with mod-
erate PPM had outcomes that were not statistically signifi-
cant from patients without PPM.”°

The results of the present study demonstrate that the
higher incidence of AR in Evolut compared with S3 is
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exaggerated in patients with larger valve annuli. Studies on
older-generation valves have historically shown that bal-
loon-expandable valves were associated with less AR than
self-expanding valves in patients with large annuli.”’ The
present study suggests that this observation is also true for
new-generation valves. Conversely, Evolut had a lower
incidence of PPM, which was compounded in smaller valve
sizes. It has been shown that Evolut R was associated
with a decreased rate of PPM than with S3 only in small
annuli.”’ Therefore, our results highlight the importance
of considering the annulus size when choosing the valve
type to mitigate AR and PPM.

The present study is the largest to compare the incidence
of post-TAVI AR in S3 versus Evolut newer generation
valves, and is the first study to focus on >mild rather than
moderate/severe AR. One of the reasons is that recent studies
using newer generation valves, including ours, have shown
that the rates of moderate/severe AR are becoming increas-
ingly low,'*'” and more studies are recognizing the signifi-
cance of residual mild AR post-TAVI. Although additional
studies are required to determine the long-term consequences
of mild AR and PPM, our observations highlight the need for
future improvements in TAVI prostheses as the procedure is
extended to low-risk patients, where long-term valve durabil-
ity and AR progression may have late clinical consequences.
Finally, our study is the first to examine the effect of valve
annular size on AR and PPM within the 2 new-generation
valve types, highlighting the importance of an individualized
approach to choosing the type of valve.

Our study is limited by its single-center observational
nature and needs a multicenter, randomized controlled trial
for validation. Although patients were not randomized, we
demonstrated well-matched cohorts, ensuring that any sig-
nificant baseline differences were not confounders for
>mild AR at 30 days by multivariate logistic regression
analysis and by a propensity-matched subanalysis. Our data
were limited by what was readily available in the STS/ACC
TVT registry, which did not collect data on known
offenders for developing AR, such as the CT-derived mean
Agatston calcium score,”” and implantation depth from the
noncoronary cusp.” "’

In summary, despite similar short-term clinical out-
comes, the S3 valve was associated with less radiation
dose and fluoroscopy time, but higher contrast use. It had
lower rates of >mild AR, at the cost of a lower AV area
and a higher mean AV gradient on short-term follow-up,
and a higher incidence of severe PPM compared with
Evolut. The disparity in incidence of >mild AR is com-
pounded in larger valves, whereas PPM was worse with
smaller valve sizes regardless of valve type. Hence, the
choice of valve type should take into consideration the
annular size to balance AR and PPM, where Evolut theo-
retically may be better suited for smaller valves, while S3
for larger ones. These results encourage validation with
large randomized controlled trials with long-term follow-
up, focusing on the long-term implications of mild AR and
severe PPM.

Disclosures

There are no relationships with industry.

Supplementary materials

Supplementary material associated with this article can
be found in the online version at https://doi.org/10.1016/.
amjcard.2019.08.014.

1. Mack MJ, Leon MB, Thourani VH, Makkar R, Kodali SK, Russo M,
Kapadia SR, Malaisrie SC, Cohen DJ, Pibarot P, Leipsic J, Hahn RT,
Blanke P, Williams MR, McCabe JM, Brown DL, Babaliaros V, Gold-
man S, Szeto WY, Genereux P, Pershad A, Pocock SJ, Alu MC, Webb
JG, Smith CR, PARTNER 3 Investigators. Transcatheter aortic-valve
replacement with a balloon-expandable valve in low-risk patients. N
Engl J Med 2019;380:1695-1705.

2. Athappan G, Patvardhan E, Tuzcu EM, Svensson LG, Lemos PA,
Fraccaro C, Tarantini G, Sinning JM, Nickenig G, Capodanno D,
Tamburino C, Latib A, Colombo A, Kapadia SR. Incidence, predic-
tors, and outcomes of aortic regurgitation after transcatheter aortic
valve replacement: meta-analysis and systematic review of literature.
J Am Coll Cardiol 2013;61:1585-1595.

3. Ali OF, Schultz C, Jabbour A, Rubens M, Mittal T, Mohiaddin R,
Davies S, Di Mario C, Van der Boon R, Ahmad AS, Amrani M, Moat
N, De Jaegere PP, Dalby M. Predictors of paravalvular aortic regurgi-
tation following self-expanding Medtronic CoreValve implantation:
the role of annulus size, degree of calcification, and balloon size dur-
ing pre-implantation valvuloplasty and implant depth. Int J Cardiol
2015;179:539-545.

4. Abdel-Wahab M, Mehilli J, Frerker C, Neumann FJ, Kurz T, Tolg R,
Zachow D, Guerra E, Massberg S, Schafer U, El-Mawardy M,
Richardt G, CHOICE Investigators. Comparison of balloon-expand-
able vs self-expandable valves in patients undergoing transcatheter
aortic valve replacement: the CHOICE randomized clinical trial.
JAMA 2014;311:1503-1514.

5. Seeger J, Gonska B, Rottbauer W, Wohrle J. New generation devices
for transfemoral transcatheter aortic valve replacement are superior
compared with last generation devices with respect to VARC-2 out-
come. Cardiovasc Interv Ther 2018;33:247-255.

6. Sherif MA, Abdel-Wahab M, Stocker B, Geist V, Richardt D, Tolg R,
Richardt G. Anatomic and procedural predictors of paravalvular aortic
regurgitation after implantation of the Medtronic CoreValve biopros-
thesis. J Am Coll Cardiol 2010;56:1623-1629.

7. Jilaihawi H, Chin D, Spyt T, Jeilan M, Vasa-Nicotera M, Bence J,
Logtens E, Kovac J. Prosthesis-patient mismatch after transcatheter
aortic valve implantation with the Medtronic-Corevalve bioprosthesis.
Eur Heart J 2010;31:857-864.

8. Kappetein AP, Head SJ, Genereux 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, Rodes-
Cabau J, Vranckx P, Webb JG, Windecker S, Serruys PW, Leon MB,
Valve Academic Research Consortium-2. Updated standardized end-
point definitions for transcatheter aortic valve implantation: the Valve
Academic Research Consortium-2 consensus document. J Thorac
Cardiovasc Surg 2013;145:6-23.

9. Leon MB, Piazza N, Nikolsky E, Blackstone EH, Cutlip DE, Kappe-
tein AP, Krucoff MW, Mack M, Mehran R, Miller C, Morel MA,
Petersen J, Popma JJ, Takkenberg JJ, Vahanian A, van Es GA,
Vranckx P, Webb JG, Windecker S, Serruys PW. Standardized end-
point definitions for transcatheter aortic valve implantation clinical tri-
als: a consensus report from the Valve Academic Research
Consortium. Eur Heart J 2011;32:205-217.

10. Carroll JD, Edwards FH, Marinac-Dabic D, Brindis RG, Grover FL,
Peterson ED, Tuzcu EM, Shahian DM, Rumsfeld JS, Shewan CM,
Hewitt K, Holmes DR Jr., Mack MJ. The STS-ACC transcatheter
valve therapy national registry: a new partnership and infrastructure
for the introduction and surveillance of medical devices and therapies.
J Am Coll Cardiol 2013;62:1026-1034.

11. Munoz-Garcia AJ, Alonso-Briales JH, Jimenez-Navarro MF, Caballero-
Borrego J, Dominguez-Franco AJ, Rodriguez-Bailon I, Such-Martinez M,
Hernandez-Garcia JM, de Teresa-Galvan E. Mechanisms, treatment and
course of paravalvular aortic regurgitation after percutaneous implantation
of the CoreValve aortic prosthesis. Int J Cardiol 2011;149:389-392.

12. Gonska B, Seeger J, Baarts J, Rodewald C, Scharnbeck D, Rottbauer
W, Wohrle J. The balloon-expandable Edwards Sapien 3 valve is
superior to the self-expanding Medtronic CoreValve in patients with


https://doi.org/10.1016/j.amjcard.2019.08.014
https://doi.org/10.1016/j.amjcard.2019.08.014
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0012
www.ajconline.org

13.

14.

15.

16.

17.

18.

19.

Valvular Heart Disease/S3 Versus Evolut R/PRO in TAVI

severe aortic stenosis undergoing transfemoral aortic valve implanta-
tion. J Cardiol 2017,69:877-882.

Yoon SH, Lefevre T, Ahn JM, Perlman GY, Dvir D, Latib A, Barbanti
M, Deuschl F, De Backer O, Blanke P, Modine T, Pache G, Neumann
FJ, Ruile P, Arai T, Ohno Y, Kaneko H, Tay E, Schofer N, Holy EW,
Luk NHV, Yong G, Lu Q, Kong WKF, Hon J, Kao HL, Lee M, Yin
WH, Park DW, Kang SJ, Lee SW, Kim YH, Lee CW, Park SW, Kim
HS, Butter C, Khalique OK, Schaefer U, Nietlispach F, Kodali SK,
Leon MB, Ye J, Chevalier B, Leipsic J, Delgado V, Bax JJ, Tamburino
C, Colombo A, Sondergaard L, Webb JG, Park SJ. Transcatheter aor-
tic valve replacement with early- and new-generation devices in bicus-
pid aortic valve stenosis. J Am Coll Cardiol 2016;68:1195-1205.
Enriquez-Rodriguez E, Amat-Santos 1J, Jimenez-Quevedo P, Martin-
Morquecho I, Tirado-Conte G, Perez-Vizcayno MJ, Gomez de Diego
JJ, Arnold R, Aldazabal A, Rojas P, de Agustin A, Del Trigo M,
Gutierrez H, San Roman JA, Macaya C, Nombela-Franco L. Compari-
son of the hemodynamic performance of the balloon-expandable
SAPIEN 3 versus self-expandable Evolut R transcatheter valve: a
case-matched study. Rev Esp Cardiol (Engl Ed) 2018;71:735-742.
Thiele H. A 2x2 randomized trial of self-expandable vs. balloon-
expandable valves and general vs. local anesthesia in patients undergo-
ing transcatheter aortic valve implantation—SOLVE-TAVI. In: Pre-
sented at the Transcatheter Cardiovascular Therapeutics meeting
(TCT 2018); 2018. URL https://www.acc.org/latest-in-cardiology/
clinical-trials/2018/09/21/20/42/solve-tavi.

Ben-Shoshan J, Konigstein M, Zahler D, Margolis G, Chorin E, Stein-
vil A, Arbel Y, Aviram G, Granot Y, Barkagan M, Keren G, Halkin A,
Banai S, Finkelstein A. Comparison of the Edwards SAPIEN S3 ver-
sus Medtronic Evolut-R devices for transcatheter aortic valve implan-
tation. Am J Cardiol 2017;119:302-307.

Raffa GM, Malvindi PG, Settepani F, Ornaghi D, Basciu A, Cappai A,
Tarelli G. Aortic valve replacement for paraprosthetic leak after trans-
catheter implantation. J Card Surg 2012;27:47-51.

Abdel-Wahab M, Zahn R, Horack M, Gerckens U, Schuler G, Sievert
H, Eggebrecht H, Senges J, Richardt G, German transcatheter aortic
valve interventions registry investigators. Aortic regurgitation after
transcatheter aortic valve implantation: incidence and early outcome.
Results from the German transcatheter aortic valve interventions regis-
try. Heart 2011;97:899-906.

Kodali SK, Williams MR, Smith CR, Svensson LG, Webb JG, Makkar
RR, Fontana GP, Dewey TM, Thourani VH, Pichard AD, Fischbein
M, Szeto WY, Lim S, Greason KL, Teirstein PS, Malaisrie SC,
Douglas PS, Hahn RT, Whisenant B, Zajarias A, Wang D, Akin JJ,
Anderson WN, Leon MB, PARTNER Trial Investigators. Two-year
outcomes after transcatheter or surgical aortic-valve replacement. N
Engl J Med 2012;366:1686—1695.

20.

21.

22.

23.

24.

25.

26.

217.

1629

Tamburino C, Capodanno D, Ramondo A, Petronio AS, Ettori F, San-
toro G, Klugmann S, Bedogni F, Maisano F, Marzocchi A, Poli A,
Antoniucci D, Napodano M, De Carlo M, Fiorina C, Ussia GP. Inci-
dence and predictors of early and late mortality after transcatheter aor-
tic valve implantation in 663 patients with severe aortic stenosis.
Circulation 2011;123:299-308.

Yoshijima N, Yanagisawa R, Hase H, Tanaka M, Tsuruta H, Shimizu
H, Fukuda K, Naganuma T, Mizutani K, Araki M, Tada N, Yamanaka
F, Shirai S, Tabata M, Ueno H, Takagi K, Higashimori A, Watanabe
Y, Yamamoto M, Hayashida K, OCEAN-TAVI investigators. Update
on the clinical impact of mild aortic regurgitation after transcatheter
aortic valve implantation: Insights from the Japanese multicenter
OCEAN-TAVI registry. Catheter Cardiovasc Interv 2019. https://doi.
org/10.1002/ccd.28279.

Choudhury T, Solomonica A, Bagur R. The Evolut R and Evolut PRO
transcatheter aortic valve systems. Expert Rev Med Devices
2019;16:3-9.

Buzzatti N, Castiglioni A, Agricola E, Barletta M, Stella S, Giannini F,
Regazzoli D, Mangieri A, Ancona M, Spagnolo P, Chieffo A, Montor-
fano M, Alfieri O, Colombo A, Latib A. Five-year evolution of mild
aortic regurgitation following transcatheter aortic valve implantation:
early insights from a single-centre experience. Interact Cardiovasc
Thorac Surg 2017;25:75-82.

Theron A, Pinto J, Grisoli D, Griffiths K, Salaun E, Jaussaud N, Ravis
E, Lambert M, Messous L, Amanatiou C, Cuisset T, Gariboldi V,
Giorgi R, Habib G, Collart F. Patient-prosthesis mismatch in new gen-
eration trans-catheter heart valves: a propensity score analysis. Eur
Heart J Cardiovasc Imaging 2018;19:225-233.

Abdelghani M, Allali A, Kaur J, Hemetsberger R, Mehilli J, Neumann
FJ, Frerker C, Kurz T, El-Mawardy M, Richardt G, Abdel-Wahab M.
Impact of prosthesis-iteration evolution and sizing practice on the inci-
dence of prosthesis-patient mismatch after transcatheter aortic valve
replacement. Catheter Cardiovasc Interv 2019;93:971-979.

Herrmann HC, Daneshvar SA, Fonarow GC, Stebbins A, Vemulapalli
S, Desai ND, Malenka DJ, Thourani VH, Rymer J, Kosinski AS. Pros-
thesis-patient mismatch in patients undergoing transcatheter aortic
valve replacement: from the STS/ACC TVT Registry. J Am Coll Car-
diol 2018;72:2701-2711.

Abdelghani M, Mankerious N, Allali A, Landt M, Kaur J, Suli-
mov DS, Merten C, Sachse S, Mehilli J, Neumann FJ, Frerker C,
Kurz T, El-Mawardy M, Richardt G, Abdel-Wahab M. Biopros-
thetic valve performance after transcatheter aortic valve replace-
ment with self-expanding versus balloon-expandable valves in
large versus small aortic valve annuli: insights from the CHOICE
Trial and the CHOICE-Extend Registry. JACC Cardiovasc Interv
2018;11:2507-2518.


http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0014
https://www.acc.org/latest-in-cardiology/clinical-trials/2018/09/21/20/42/solve-tavi
https://www.acc.org/latest-in-cardiology/clinical-trials/2018/09/21/20/42/solve-tavi
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0020
https://doi.org/10.1002/ccd.28279
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30954-3/sbref0027

	Comparative Outcomes of Balloon-Expandable S3 Versus Self-Expanding Evolut Bioprostheses for Transcatheter Aortic Valve Implantation
	Methods
	Results
	Discussion
	Disclosures
	Supplementary materials


