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Abstract
Background: Moderate or worse paravalvular regurgitation (PVR) post transcatheter aortic valve replace-
ment (TAVR) is associated with increased mortality. The mechanisms by which this occurs are not fully
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understood.

Aims: The aim of this study was to determine the mechanism by which PVR leads to worse outcomes.
Methods: A total of 1,974 intermediate-risk patients who received TAVR in the PARTNER 2 trial and reg-
istries were grouped by PVR severity. Clinical and echocardiographic outcomes were compared.

Results: Overall 1,176 (60%) patients had none/trace, 680 (34%) had mild, and 118 (6%) had >moder-
ate PVR. At two years, >moderate PVR patients had increased risks of all-cause (HR 2.33 [1.41-3.85],
p-value=0.001) and cardiovascular death (HR 3.30 [1.74-6.28], p-value <0.001), rehospitalisation (HR 2.68
[1.57-4.58], p-value <0.001), and reintervention (HR 14.72 [3.13-69.32], p-value <0.001). Moderate or
worse PVR was associated with larger increases in left ventricular (LV) end-diastolic and systolic dimen-
sions and volumes, LV mass indices, and reductions in LV ejection fractions (LVEFs) from 30 days to two
years. Mild PVR was not associated with worse outcomes. Adjusting for LV dimensions and LVEF from
the one-year echocardiogram, patients with >moderate PVR still had an increased risk of all-cause death or
rehospitalisation at two years (HR 2.84 [1.25-5.78], p-value=0.009).

Conclusions: Moderate or worse PVR, but not mild PVR, is associated with an increased risk of all-cause
and cardiovascular death, rehospitalisation, and reintervention at two years. Moderate or worse PVR is also
associated with adverse LV remodelling, which partially mediates how >moderate PVR leads to worse out-
comes. These results provide dual insights on the deleterious impact of >moderate PVR and the contribut-

ing mechanisms of poor clinical outcomes.
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Abbreviations

ACEi angiotensin-converting enzyme inhibitors
AR  aortic regurgitation

ARB angiotensin receptor blockers

AS  aortic stenosis

AV aortic valve

CV  cardiovascular

LV left ventricular

LVEF left ventricular ejection fraction

PVR paravalvular regurgitation

TAVR transcatheter aortic valve replacement
TTE transthoracic echocardiogram

STS Society of Thoracic Surgeons

Introduction

Paravalvular regurgitation (PVR) after transcatheter aortic valve
replacement (TAVR) is an important complication associated with
higher mortality and rehospitalisation rates'=. Rates of >moder-
ate PVR have decreased from the first-generation heart valves
(5-38%) to the more recent prostheses with a prevalence of
<5%**7. Despite this lower prevalence, >moderate PVR in patients
with SAPIEN 3 (Edwards Lifesciences) valves was still associated
with a more than twofold increase in mortality?.

Despite numerous studies consistently showing >moderate PVR
to be associated with increased mortality, little is known about the
mechanisms by which PVR leads to worse outcomes. Blunted left
ventricular (LV) mass regression and increased LV dimensions post-
TAVR, and pre-existing aortic regurgitation (AR) have all been found
to be associated with either >moderate PVR or mortality among
patients with >moderate PVR. However, no study has yet shown
what is the mediator between >moderate PVR and outcomes'®*.

In this study, we pool together intermediate-risk patients from
the PARTNER 2A trial and the S3i registry who received TAVR in
order to investigate the mechanism by which PVR leads to worse
clinical outcomes by looking at associated changes in echocar-
diographic parameters. Understanding the mechanisms by which
PVR leads to worse clinical outcomes may help tailor therapies
towards patients who develop >moderate PVR post-TAVR or may
help identify patient subgroups who are at higher risk of develop-
ing poor outcomes with PVR.

Editorial, see page 1046

Methods

STUDY DESIGN AND POPULATION

This study consisted of all intermediate-risk patients who received
TAVR from the PARTNER 2A trial and the PARTNER S3 inter-
mediate risk (S3i) registry, the details of which have been pub-
lished previously”!®. Briefly, in the PARTNER 2A cohort,
intermediate-risk patients (predicted risk of 30-day mortality
>4%, based on either the Society of Thoracic Surgeons [STS]
score or clinical assessment by a multidisciplinary Heart Team)
who were randomised to TAVR received the SAPIEN XT valve
(Edwards Lifesciences). In the S3i registry, intermediate-risk

patients (Society of Thoracic Surgeons [STS] score 4-8%) under-
went TAVR with the SAPIEN 3 valve. In all cohorts, patients
had severe symptomatic aortic stenosis (AS). The protocols were
approved by the institutional review boards of each participating
site, and all patients provided written informed consent.

ECHOCARDIOGRAPHIC ASSESSMENT OF PVR

All baseline and follow-up transthoracic echocardiograms (TTEs)
were read by a core laboratory. PVR severity was determined
based on the TTE performed at 30 days post-TAVR. Patients with
missing 30-day TTE data were imputed using discharge TTE
results. PVR severity was graded using a multiparameter integra-
tive approach, as previously described!'. Based on prior literature,
patients were divided into those with <mild PVR and those with
>moderate PVR. For sensitivity analyses, <mild PVR patients
were further divided into those with mild and none/trace PVR.

ENDPOINTS

Clinical and echocardiographic outcomes up to two years post-
TAVR were compared between groups. Clinical events were adju-
dicated by a clinical events committee. Clinical outcomes included
all-cause mortality, cardiovascular (CV) mortality, rehospitalisa-
tion, reintervention, and stroke. Echocardiographic outcomes were
assessed by the mean difference between the 30-day (or discharge)
TTE and the one- and two-year TTE.

STATISTICAL ANALYSIS

Continuous data were compared by the Student’s t-test and cat-
egorical data by the chi-squared test. Time-to-event variables were
summarised by the number of events and Kaplan-Meier event
rates and compared using the log-rank test. Clinical events occur-
ring prior to collection of the 30-day/discharge TTE were censored
to correct for immortal time bias.

Primary analysis of clinical outcomes was performed using
study-stratified multivariable Cox proportional hazards regression
models. Since there was only one type of transcatheter heart valve
used within each study (i.e., SAPIEN XT or SAPEN 3), stratify-
ing the models by study also stratifies the models by type of valve.
Echocardiographic changes between the 30-day (or discharge)
TTE and the one- and two-year TTE were analysed using baseline
corrected analysis of covariance models and reported using least-
square means and 95% confidence intervals (Cls). Confounding
factors that were included in all multivariable models are listed
in Supplementary Appendix 1. Propensity score-adjusted mod-
els were performed as a sensitivity analysis. A propensity score
was derived for each patient by fitting a logistic regression model
to predict the conditional probability of >moderate versus <mild
PVR, adjusting for all covariates included in the multivariable
models.

To examine whether PVR was associated with long-term mor-
tality, a multivariable Cox proportional hazards landmark model
was fitted for patients who remained alive at one year, which
included PVR and known confounder variables as predictors of



death or heart failure hospitalisation between 365 and 730 days.
To examine whether PVR-related changes in LV morphology at
one year were part of the mechanism by which PVR is associ-
ated with long-term risk of death or rehospitalisation, another mul-
tivariable Cox proportional hazards landmark model was fitted.
This model was identical to the former model, with the excep-
tion that variables that were of interest as possible mechanisms
— indices of changes in LV dimensions/function between baseline
and 365 days— were added as covariates. Specifically, these vari-
ables were changes in left ventricular ejection fraction (LVEF),
left ventricular (LV) end-diastolic diameter, and LV end-systolic
diameter between baseline and 365 days post-TAVR. This allowed
us to examine whether PVR remained an independent predictor of
worse prognosis after adjustment for changes in LV dimensions
and function. All statistical analyses were performed using SAS
version 9.4 (SAS Institute).

Results
PATIENT POPULATION
Of 1,974 patients included in this study, 947 were from the
PARTNER 2A cohort and 1,027 were from the S3i registry. A total
of 1,176 (60%) patients had none/trace PVR, 680 (34%) had mild
PVR, and 118 (6%) had >moderate PVR. Of the >moderate PVR
patients, 9 had severe PVR (one of whom underwent reinterven-
tion). When patients were grouped into those with <mild PVR and
those with >moderate PVR, >moderate PVR patients were older,
had a lower body mass index (BMI), higher STS scores, and
a lower prevalence of diabetes (Table 1). More >moderate PVR
patients had the SAPIEN XT valve implanted, while more <mild
PVR patients had the SAPIEN 3 valve implanted.
Echocardiographic data at baseline are shown in Table 2.
Patients with >moderate PVR had higher aortic valve (AV) mean
gradients, AV areas and area indices, and smaller LV outflow tract
diameters. They also had a significantly higher prevalence of
>moderate aortic and mitral regurgitation. Otherwise, both groups
had similar LV dimensions, LVEFs, and AV annulus diameter indi-
ces. More <mild PVR patients had a 29 mm valve implanted, less
post-dilation, and a lower incidence of multiple valves implanted
(Supplementary Table 1).

PVR SEVERITY AND ECHOCARDIOGRAPHIC OUTCOMES

Moderate or worse PVR patients had significant echocardiographic
changes between 30 days and one year post-TAVR, resulting in
larger LV dimensions and volumes, and lower LVEFs compared
with <mild PVR patients (Supplementary Table 2). Moderate
or worse PVR patients also had an increase in LV mass index
while <mild PVR patients experienced LV mass index regression.
These changes continued to progress up to two years, as seen in
both unadjusted (Supplementary Table 3) and adjusted analyses
(Central illustration). At two years, >moderate PVR patients had
significantly larger LV dimensions and volumes while they were
similar or somewhat smaller in <mild PVR patients. Moderate

or worse PVR patients experienced a greater decrease in LVEF

PVR post-TAVR in intermediate-risk patients

Table 1. Baseline demographic and clinical characteristics.

Paravalvular regurgitation

>Moderate
n=118
Age, years 81.6+6.7 84.1+5.1 <0.001
Male 1,077 (58) 74 (62.7) | 0.32
Body mass index, mg/kg 28.8+6.2 27.5+4.2 0.005
Body surface area, m? 1.91+0.24 1.87+0.19 0.13
SEEOD ) T e 5.5+1.7 6.0:2.4 | 0.003
urgeons score
Logistic EuroSCORE 6.0+5.4 6.8+6.1 0.11
New York Heart Association
Class 1I/IV 1,382 (74.5) 89 (75.4) | 0.82
Coronary artery disease 1,410 (76.0) 80 (67.8) | 0.05
Prior myocardial infarction 314 (16.9) 20(16.9) | 0.99
Prior coronary artery 495 (26.7) 26 (22.0) | 0.27
bypass graft
Prior percutaneous
coronary intervention 546 (29.4) 33 (28.0) 0.74
Prior balloon aortic 96 (5.2) 4 (3.4) 0.39
valvuloplasty
Prior stroke/transient
ischaemic attack L Le Zrizzay e
Peripheral vascular disease 538 (29.0) 37 (31.4) | 0.58
Diabetes mellitus 682 (36.7) 25(21.2) | <0.001
SREIE (e O 927 (49.9) | 51(43.2)| 0.16
current)
Hypertension 1,732 (93.3) 109 (92.4) | 0.69
Hyperlipidaemia 1,519 (81.8) 94 (79.7) | 0.55
CUlfenls ElasiiEnT 559(30.2) | 39(33.6) | 0.43
pulmonary disease
Frailty 93 (5.0) 4(3.4) 0.43
Renal disease (serum
creatinine >2 mg/dL) 128(5.0) “E4) o1
Anaemia 318 (17.1) 25(21.2) | 0.26
6-minute walk test 187.9+118.2|196.7+108.4| 0.43
Atrial fibrillation 605 (32.6) 48 (40.7) | 0.07
Permanent pacemaker 230 (12.4) 17 (14.4) 0.52
New left bundle branch
block post-TAVR 241 (13.9) 15(13.5) | 0.92
Valve type SAPIEN XT 863 (46.5) 84 (71.2) 0.001
<0.
SAPIEN 3 993 (53.5) 34 (28.8)
Values are mean+SD or n (%). EuroSCORE: European System for Cardiac
Operative Risk Evaluation; TAVR: transcatheter aortic valve replacement

between 30 days and two years than <mild PVR patients. By two

years, >moderate PVR patients experienced some LV mass index

regression, though significantly less than <mild PVR patients.

PVR SEVERITY AND CLINICAL OUTCOMES

Rates of all-cause death were compared between patients with
none/trace PVR, mild PVR, and >moderate PVR (Figure 1).
While >moderate PVR patients had a significantly increased risk
of all-cause death when compared with none/trace PVR patients at
two years, those with mild PVR did not.
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Table 2. Baseline echocardiographic characteristics.

Paravalvular regurgitation

50
— >Moderate PVR —Mild PVR —— None/Trace PVR

40

When looking at other clinical outcomes, >moderate PVR

Overall log-rank p-value=0.0051

>Moderate | p-value 2 >Moderate vs none-trace PVR
£ 30 HR:1.85[95% Cl: 1.30-2.94], p-value=0.001
g Mild vs none-trace PVR 23.5%
AV mean gradient, mmHg 45.312.8 | 49.6+15.1 | <0.001 g, | M 980 CLO SN prvalue=0.53
3 9
AV area, cm? 0.70+0.17 | 0.65+0.15 | <0.001 3 13.9%
AV area index, cm?/m? 0.37+0.09 | 0.35+0.08 | 0.004 T 12.9%
LV end-diastolic diameter, cm | 4.76+0.71 | 4.66+0.66 0.15
LV end-systolic diameter, cm | 3.27+0.85 | 3.14+0.79 | 0.12 0 0 5 1 18 1
LV end-diastolic volume, mL | 104.5+36.6 | 104.8+41.8| 0.95 Numberat risk Time (months)
LV end-systolic volume, mL 46.7+£28.4 | 45.2+28.6 | 0.64 > Moderate 118 107 9 90 83
— — Mild 680 646 512 580 559
LV ejection fraction, % 57.6£12.4 | 59.3+x10.8 | 0.21 None/Trace 1,176 1,119 1,073 1,041 987
LV mass index, g/m? 119.0£32.8|121.8+32.6| 0.40 Fi 1.4 , IR Jall Jeaih
igure 1. Associati twee severit -caus tn at
LV outflow tract diameter, cm | 2.12+0.20 | 2.06+0.19 | <0.001 g octation befween THIE severiy and aiease deati @
: two years. Kaplan-Meier survival curves for all-cause death are
AV annulus diameter, cm 2.22+0.28 | 2.18+0.26 | 0.17 shown for >moderate PVR, mild PVR, and none/trace PVR.
AV/angqus diameter index, 1.1840.18 | 1.17+0.17 | 0.85 PVR: paravalvular regurgitation
cm/m
21 DEETEE aolrt|c regurglAtatlion Lol Uee) | 20 (202) | <0BL rehospitalisation, and reintervention, but not with stroke when
2Moderate mitral regurgitation | 185 (10.8) | 20 (18.0) 0.02 compared to <mild PVR at two years (Table 3). These results
L\lr?rTJIITJasl dpi;o;tehtzfls size/AV 1.16+0.13 | 1.1620.14 | 0.96 were consistent with propensity score-adjusted sensitivity ana-
. . lyses (Supplementary Table 4). The majority of rehospitalisations
Values are mean+SD or n (%). AV: aortic valve; LV: left ventricular

for both groups were due to congestive heart failure, and all rein-
terventions in the >moderate PVR group were due to non-struc-
tural dysfunction PVR (Supplementary Table 5, Supplementary

patients had a more than twofold increase in risk of CV death,
rehospitalisation, and reintervention when compared with <mild
PVR patients at two years. There was no significant difference in
stroke or non-CV death risk between the two groups (Figure 2).
In multivariable analyses, >moderate PVR was again shown to
be associated with an increased risk of all-cause death, CV death,

Table 6). Subgroup analyses did not show any heterogeneity in
effect of PVR severity on all-cause death at two years in any of
the subgroups examined, which included patients who received
the SAPIEN XT versus the SAPIEN 3 valve, patients with and
without baseline moderate or severe AR, and patients with and
without baseline LV ejection fractions >50% (Figure 3).

i LVEDD LVESD ”- LVEDV LVESV _ LVEF
Difference 0.24[0.12-0.37] Difference 0.37[0.22-0.52] Difference Difference Difference -4%[]-02-23'-‘-3”
06 p<0.0011 p<0.0011 12.62[5.44-19.79] 8.54[3.49-13.58] —~ p<t.
— — 201 p<0.0006 p<0.0009 2
’g 0.5 5 5 R R gc)n 1 T
< 04 E 5 -054
oo [
S 03 2 10 c
5 g g -
c 02 © = -5
3 & o1 _6
()
=011 s 0.02 = 134 087 7 457
0.0 ; 11.28 167 M < Mild PVR
5 M > Moderate PVR
LV mass index LVSVi AV area index
Difference 8.41[2.35-14.47] Difference 2.05[-0,11-4.20] Difference 0.00 [-0,05-0.04]
p<0.0066 p<0.0629 - p<0.9258
f’g 5 g 0.05
L & ] —0.05
£ £
; 3 :o; 0.00 -
g 2 1.73 20_0.05
©
5 1 _0.31 < " -0.05
& 0 s
%’ o)
21 = -0.15

Central illustration. Adjusted echocardiographic changes between 30 days/discharge and two years post-TAVR based on PVR severity.
The difference in various echocardiographic parameters between the 30 day/discharge and two-year echocardiogram are presented for
>moderate PVR versus <mild PVR patients. Values are presented as least-square means (95% CI).



PVR post-TAVR in intermediate-risk patients
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Figure 2. Association between PVR severity and clinical outcomes at two years. Kaplan-Meier survival curves are shown for >moderate PVR
versus <mild PVR with regards to (A) all-cause death, (B) cardiovascular death, (C) non-cardiovascular death, (D) rehospitalisation,

(E) reintervention, and (F) stroke. PVR: paravalvular regurgitation

Landmark analyses showed that mild PVR patients had no
significant increase in risk of all-cause death between one
and two years when compared with none/trace PVR patients
(Supplementary Figure 1). Moderate or worse PVR patients, how-
ever, continued to have a more than twofold increase in the risk
of all-cause death, CV death, rehospitalisation, and reintervention
between one and two years post-TAVR (Supplementary Figure 2).
When all-cause death and rehospitalisation were combined as
composite outcomes, landmark analyses at one year showed that
>moderate PVR patients had a 2.88 times increased risk of the
composite outcome (95% CI: 1.55-5.34; p-value<0.001). Moderate
or worse PVR patients continued to have an increased risk of all-
cause death or rehospitalisation between one and two years after
adjustment for LV end-diastolic and LV end-systolic dimensions at
one year (total effect: HR 3.18, 95% CI: 1.44-6.41; p-value=0.006;

direct effect: HR 2.83, 95% CI: 1.21-5.84; p-value=0.009). The
same was found when adjusting for the one-year LVEF (in addi-
tion to adjusting for LV end-diastolic and end-systolic dimensions)
(total effect: HR 3.18, 95% CI: 1.44-6.41; p-value=0.006; direct
effect: HR 2.84, 95% CI: 1.25-5.78; p-value=0.009).

Discussion

This is the largest study to investigate the association between
PVR severity post-TAVR and clinical outcomes and the mecha-
nisms by which it may occur. Among 1,974 patients with severe
symptomatic AS at intermediate surgical risk treated with TAVR,
the major findings were the following: 1) Moderate or worse
PVR, but not mild PVR, was independently associated with
a higher adjusted risk of not only all-cause and CV death, but also
rehospitalisation and reintervention at two years. 2) Patients with
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Table 3. Association between severity of PVR and clinical outcomes at two years.

. Paravalvular regurgitation Unadjusted Covariate-adjusted Propensity score-adjusted

Clinical outcome
>Moderate HR (95% Cl) HR (95% Cl) HR (95% Cl)

All-cause death 13.3% (243) | 23.5% (27)| 1.94 (1.29-2.93) 0.002| 2.33(1.41-3.85) 0.001| 1.82(1.19-2.78) 0.006
gg‘;ﬂf"a““'a’ 7.3% (130) | 16.6% (18)| 2.55 (1.52-4.28) |<0.001| 3.30(1.74-6.28) | <0.001| 2.51 (1.46-4.30) |<0.001
Rehospitalisation 15.6% (277) | 33.9% (37)| 2.09 (1.34-3.27) 0.001| 2.68(1.57-4.58) |<0.001| 2.26 (1.42-3.58) |<0.001
Reintervention* 0.6% (9) 6.0% (6) |11.89(4.01-35.28) | <0.001| 14.72 (3.13-69.32) | <0.001|11.99 (3.78-38.03) | <0.001
Stroke 4.8% (80) 7.3% (7) 1.53 (0.66-3.54) 0.32 | 1.23(0.43-3.51) 0.69 | 1.34(0.56-3.21) 0.51
Values are Kaplan-Meier event rates (number of patients with events). HRs are based on comparing >moderate versus <mild PVR. *Firth’s correction
was applied to this model due to a low number of events.
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Subgroup > Moderate PVR <Mild PVR Adjusted hazard ratio p-value
no. of patients with event/total no. of patients (%) (95%)

Age (years) 0.97
<80 5/20 (25.3) 81/675(12.2) ‘ ® 2.39(0.84-6.78)
>80 21/98 (22.4) 147/1,181 (12.8) . 2.34 (1.33-4.11)

Sex 0.64
Male 18/74 (25.3) 155/1,077 (14.8) e 2.14(1.17-3.90)

Female 8/44 (1839) 73/779 (9.6) = 2.70 (1.17-6.24)

Diabetes 1 0.63
Yes 7125 (29.2) 77/682 (11.7) 1 = 2.87 (1.05-7.82)

No 19/93 (21.3) 151/1,174 (13.1) | ————— 2.17 (1.23-3.82)

Access 1 0.22
Transthoracic 2/12(18.2) 66/135 (21.6) . 0.97 (0.21-4.47)
Transfemoral 24/106 (23.4) 162/1,541 (10.8) ‘ — 2.62 (1.55-4.43)

THV 0.64
SAPIEN XT 18/84 (22.1) 107/863 (12.7) —_— 2.13 (1.16-3.91)

SAPIEN 3 8/34 (24.7) 121/993 (12.5) —_—e———— 2.72 (1.16-6.37)

THV size (mm) 0.47
20/23 8/47 (17.7) 62/646 (9.8) —_— 1.78 (0.72-4.43)

26/29 18/71 (26.3) 166/1,210 (14.0) L ——— 2.63 (1.46-4.73)

LVEF (%) 0.72
<50 3/26 (12.2) 65/459 (14.5) = 1.86 (0.58-6.20)
>50 23/92 (25.7) 158/1,348 (11.8) —_— 2.37 (1.37-4.11)

Aortic regurgitation 0.46
Moderate/severe 4/24 (16.9) 15/131 (11.7) . 1.43 (0.36-5.66)
None/Trace/Mild 22/94 (24.5) 205/1,657 (12.7) — 2.48 (1.46-4.24)
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Figure 3. Subgroup analyses of the association between PVR severity and all-cause death or rehospitalisation at two years. Adjusted HRs and

Cls are shown for the risk of all-cause death or rehospitalisation at two years in >moderate PVR versus <mild PVR patients among the

subgroups depicted. LVEF: left ventricular ejection fraction; PVR: paravalvular regurgitation; THV: transcatheter heart valve

>moderate PVR who survived to one year post-TAVR continued
to have an increased risk of all-cause death, CV death, rehospitali-
sation, and reintervention at two years. 3) Moderate or worse PVR
was also associated with adverse cardiac remodelling changes
in the form of larger LV dimensions and volumes, lower LVEF,
and blunted LV mass index regression at one year that continued
to progress up to two years post-TAVR. 4) Adverse remodelling
changes in LV dimensions and LVEF may partially mediate how
>moderate PVR leads to worse clinical outcomes. Collectively,
our findings highlight the deleterious impact that >moderate PVR
has on LV remodelling, and that those LV remodelling changes
may be partial mediators in the pathway between >moderate PVR
and poor clinical outcomes.

MILD PVR AND OUTCOMES

The association of >moderate PVR with increased risk of mortality
has been well-established for both older and current valve genera-
tions'*. Whether mild PVR is associated with increased mortal-
ity risk, however, is more controversial with some studies of high
surgical risk patients receiving older generations of heart valves
having found mild PVR to be associated with increased mortal-
ity1213 In this study of close to 2,000 intermediate-risk patients
who received TAVR, over half of whom received the SAPIEN 3
valve, while >moderate PVR was associated with an increased risk

of all-cause mortality at two years, mild PVR was not. While our
results add to the growing body of evidence that mild PVR is not
associated with increased mortality, we cannot exclude that mild
PVR may have an impact on clinical outcomes beyond two years;
further follow-up is needed.

ECHOCARDIOGRAPHIC PARAMETERS AND CLINICAL
OUTCOMES
Despite similar baseline parameters, at one year, >moderate PVR
patients had larger LV dimensions and volumes, lower LVEFs, and
blunted LV mass regression. Notably, changes in LV dimensions
and LVEF were found to partially mediate the effects of >moder-
ate PVR on all-cause death and rehospitalisation. These findings
were driven mainly by patients with moderate PVR as only 9 of
the 118 patients in the >moderate PVR group had severe PVR.
Adverse cardiac remodelling resulting in a more dilated left ven-
tricle or a reduced EF has long been shown to be associated with
worse outcomes'. In the post-TAVR population, previous studies
have also shown that a decrease or lack of improvement in LVEF,
as well as larger LV dimensions when compared with pre-TAVR
measurements, are associated with increased mortality risk'>"7.
It has been postulated that in PVR patients, the sudden change
from pressure to volume overload is not well tolerated and leads
to adverse cardiac remodelling'’. In line with this, a previous study



showed that patients who developed PVR post-TAVR did worse
if they did not have pre-TAVR AR compared to those who did’.
While in this study, we did not find any difference in outcomes
in >moderate PVR patients based on pre-TAVR AR severity, our
findings are consistent with previous studies that have shown PVR
to be associated with adverse cardiac remodelling changes'*!>17.
Our study is the first to show that the adverse cardiac remod-
elling changes associated with moderate PVR are also associated
with the worse outcomes of patients experiencing moderate PVR.
However, changes in LV dimensions and LVEF were found to
only partially explain the effects of PVR on outcomes. Further
studies are needed to elucidate the other contributing factors.

CLINICAL IMPLICATIONS

Given that >moderate PVR patients had an almost twofold increase
in risk of all-cause death, an over twofold increase in risk of CV
death and rehospitalisation, and an over 11-fold increase in risk
of reintervention, all efforts should be made to avoid >moderate
PVR at the time of TAVR. Clearly the use of the newer-generation
balloon-expandable valve is associated with a lower incidence of
significant PVR as the majority of patients with >moderate PVR
received the SAPIEN XT valve. However, intervening at the time
of valve implantation requires an accurate assessment of AR
severity, which would include comprehensive intraprocedural or
periprocedural imaging.

The adverse cardiac remodelling changes that were found,
in part, to facilitate >moderate PVR and poor outcomes in this
study could possibly be a target for medical therapy after TAVR.
Angiotensin-converting enzyme inhibitors (ACEis) and angio-
tensin receptor blockers (ARBs), for example, have been shown
to lead to improvements in cardiac remodelling and clinical out-
comes in AS patients's. A recent study showed that treatment with
ACEis/ARBs in TAVR patients was also associated with improved
outcomes; a randomised clinical trial on the impact of ACEi/ARB
treatment on clinical outcomes and ventricular remodelling in
TAVR patients is underway'®?. Treatment with medications such
as ACEis and ARBs that lead to improvement in cardiac remodel-
ling may improve outcomes in patients with >moderate PVR after
TAVR. However, further studies are needed.

Limitations

This is a post hoc analysis of the PARTNER 2A trial and S3i regis-
try, which were not designed or powered to examine outcomes based
on PVR severity. The findings of this study should therefore be con-
sidered hypothesis-generating. Also, while over half of the patients
in this study received the SAPIEN 3 valve, the majority of patients
with >moderate PVR received the SAPIEN XT valve. The results
may therefore have been driven mainly by patients who received
the SAPIEN XT valve, which is an older-generation valve. Residual
confounding based on the type of valve received is possible, though
statistical models were stratified by study (and therefore valve type)
in order to avoid this. While we attempted to adjust for all possible
confounders, it is still possible that there is residual confounding

PVR post-TAVR in intermediate-risk patients

based on inherent differences between the >moderate PVR and
<mild PVR groups. Also, data such as pre-TAVR computed tomo-
graphy imaging and cardiac medications that would have been inter-
esting to include in the analyses were, unfortunately, unavailable.

Conclusions

Moderate or worse PVR, but not mild PVR, post-TAVR is associ-
ated with an increased risk of all-cause and CV death, rehospitali-
sation, and reintervention at two years. Moderate or worse PVR
is also associated with adverse cardiac remodelling changes, and
larger LV dimensions and lower LVEF may partially mediate how
PVR leads to worse outcomes. Our findings highlight not only the
importance of avoiding PVR post-TAVR, but also the mechanism
behind why >moderate PVR is associated with worse outcomes,

providing potential targets for medical therapies.

Impact on daily practice
Moderate or worse PVR post-TAVR is associated with worse
clinical outcomes at two years; adverse cardiac remodelling

changes are part of the mechanism by which that happens.
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Supplementary data

Supplementary Appendix 1. Methods

Covariates included in all multivariable models: transfemoral versus transthoracic approach, age,
sex, body mass index (BMI), STS score, diabetes mellitus, history of smoking, prior coronary
artery bypass graft, prior percutaneous coronary intervention, prior balloon aortic valvuloplasty,
frailty, renal insufficiency (serum creatinine >2 mg/dL), history of atrial fibrillation, permanent
pacemaker, new left bundle branch block post TAVR, chronic obstructive pulmonary disease,
anaemia, distance travelled during 6-minute walk test at baseline, non-fatal major procedural
complications (composite of major vascular complications, major bleeding, stroke, or aortic
valve reintervention within seven days post TAVR); and baseline echocardiographic parameters,
including LVEF, AV annulus diameter, ratio of the nominal valve size to annulus diameter, LV
mass index, LV end-systolic diameter, LV end-diastolic diameter, AV mean gradient, moderate

or worse AR, and moderate or worse mitral regurgitation

In the analysis of covariance models, baseline LV stroke volume index was also included.



Supplementary Table 1. Procedural characteristics.

Paravalvular regurgitation

<Mild >Moderate p-value
n=1,856 n=118
Access 0.15
Transfemoral 1,541 (83.0) 106 (89.8) 0.054
Transapical 219 (11.8) 9 (7.6) 0.17
Transaortic 96 (5.2) 3(2.5) 0.20
Valve size 0.02
20 mm 36 (1.9) 3(2.5) 0.65
23 mm 610 (32.9) 44 (37.3) 0.32
26 mm 847 (45.6) 62 (52.5) 0.14
29 mm 363 (19.6) 9 (7.6) <0.001
Predilation 919 (93.6) 32 (94.1) 0.90
Post-dilation 277 (14.9) 38 (32.2) <0.001
Multiple valves implanted 22 (1.2) 5(4.2) 0.006
Total procedure time, min 91.1+43.8 97.9+41.5 0.10

Values are mean+SD or n (%).




Supplementary Table 2. Adjusted echocardiographic changes between 30 days/discharge

and one year after TAVR based on PVR severity.

Mean change (95% CI)

<Mild PVR >Moderate PVR Difference p-value
n=1,856 n=118
All patients
LV end-diastolic | -0.00 (-0.03,0.02) | 0.17(0.08,0.27) | 0.17 (0.08,0.27) | <0.001
diameter, cm
LV end-systolic | 0.03(-0.00,0.06) | 0.21(0.09,0.33) | 0.18(0.06,0.31) | 0.004
diameter, cm
LV end-diastolic | 0.40 (-1.12,1.93) | 13.68 (7.78,19.57) | 13.27 (7.16, 19.38) | <0.001
volume, mL
LV end-systolic | 0.16 (-0.91,1.24) | 8.36 (4.22,12.50) | 8.20 (3.90, 12.49) | <0.001
volume, mL
LV ejection -0.27 (-0.77,0.24) | -2.98 (-4.92,-1.05) |-2.72 (-4.73,-0.71) | 0.008
fraction, %
LV mass index, | -6.36 (-7.52,-5.20) | 3.31(-1.29,7.91) | 9.67 (4.91, 14.42) | <0.001
g/m?
AV areaindex, | -0.03 (-0.04, -0.02) | -0.04 (-0.08, -0.00) | -0.02 (-0.05, 0.02) | 0.45
cm?/m?
LV stroke 0.18(-0.28,0.63) | 2.59(0.85,4.34) | 2.42(0.61,4.23) | 0.009
volume index,

mL/m?




Values are least-square means (95% ClI).
AV: aortic valve; LV: left ventricular; PVR: paravalvular regurgitation; TAVR: transcatheter

aortic valve replacement




Supplementary Table 3. Absolute echocardiographic changes between 30 days/discharge and two years after TAVR based on

PVR severity.
30 days/discharge 2 years A (2 years-30 A >Moderate
days/discharge) PVR-A <mild
PVR
<Mild PVR | >Moderate | <Mild PVR | >Moderate | <Mild PVR | >Moderate p-value
n=1,856 PVR n=1,856 PVR n=1,856 PVR
n=118 n=118 n=118
LV end-diastolic | 4.76+0.71 4.66+0.66 4.73+0.72 4.94+0.68 -0.03 0.19 0.22 <0.001
diameter, cm (-0.06, - (0.07,0.31) (0.10, 0.34)
0.003)
LV end-systolic 3.27+0.85 3.14+0.79 3.23+0.80 3.48+0.86 0.01 0.37 0.36 <0.001
diameter, cm (-0.02, 0.05) | (0.22,0.52) (0.21, 0.51)
LV end-diastolic | 104.54+36.5 | 104.81+41. | 103.52+37.4 | 115.194+40.1 -1.88 9.37 11.25 0.003
volume, mL 9 77 9 8 (3.87, 18.63)




(-3.57, - (2.19,

0.19) 16.55)
LV end-systolic | 46.66+28.38 | 45.22+28.5 | 45.69+28.25 | 52.92+31.35 -0.75 6.96 7.71 0.005
volume, mL 8 (-1.97, 0.48) (1.80, (2.40, 13.02)

12.13)

LV ejection 56.79+12.50 | 58.29+10.5 | 56.95+11.47 | 54.52+12.59 -0.94 -3.64 -2.70 0.02
fraction, % 3 (-1.45, - (-5.84, - (-4.96, -0.44)

0.42) 1.43)
LV mass index, | 119.05+32.8 | 121.80+32. | 105.08+29.3 | 117.84+31.4 -9.38 -5.82 3.56 0.26
g/m? 5 60 7 5 (-10.77, - (-11.91, (-2.68, 9.80)

7.99) 0.26)
AV area index, 0.37+0.09 | 0.35£0.08 | 0.84+0.21 | 0.85+0.22 -0.05 -0.07 -0.02 0.40
cm?/m? (-0.06, - (-0.12, - (-0.07,0.03)

0.04) 0.02)




LV stroke 30.61+8.33 | 32.30+9.46 | 30.24+8.41 | 33.26+9.16 -0.58 131 1.89 0.11

volume index, (-1.11, - (-0.92,3.54) | (-0.40, 4.18)

mL/m? 0.05)

Values are meanSD or mean (95% CI).

AV: aortic valve; LV: left ventricular; PVR: paravalvular regurgitation; TAVR: transcatheter aortic valve replacement




Supplementary Table 4. Association between severity of PVR and clinical outcomes at two

years using propensity score analysis.

Clinical outcome Severity of PVR Propensity score adjusted
<Mild >Moderate HR (95% CI) p-value
All-cause death 13.3% (243) 23.5% (27) 1.82 (1.19,2.78) 0.006

Cardiovascular death | 7.3% (130) 16.6% (18) 2.51 (1.46,4.30) <0.001

Rehospitalisation 15.6% (277) 33.9% (37) 2.26 (1.42,3.58) <0.001
Reintervention* 0.6% (9) 6.0% (6) 11.99 (3.78,38.03) <0.001
Stroke 4.8% (80) 7.3% (7) 1.34 (0.56,3.21) 0.51

Values are Kaplan-Meier event rates (number of patients with events). Hazard ratios are
based on comparing >moderate versus <mild PVR. The propensity score was calculated as
the conditional probability of >moderate versus <mild PVR, controlling for the same
covariates used in multivariate logistic regression models.

* Firth’s correction was applied to this model due to a low number of events.

PVR: paravalvular regurgitation




Supplementary Table 5. Indications for rehospitalisation.

<Mild PVR >Moderate PVR

(n=277) (n=37)
Congestive heart failure 161 (58.1) 20 (54.1)
Coronary ischaemia 6 (2.2) 0
Arrhythmia 50 (18.1) 5(13.5)
Endocarditis 12 (4.3) 2(5.4)
Syncope 8(2.9) 1(2.7)
Pericardial effusion/cardiac tamponade 5(1.8) 1(2.7)
Vascular complications 12 (4.3) 1(2.7)
Bleeding 16 (5.8) 3(8.1)
Stroke/transient ischaemic attack 5(1.8) 1(2.7)
Acute kidney injury 1(0.4) 0
Ventricular septal perforation 0 1(2.7)
Valve embolisation/migration 6 (2.2) 0
Valve thrombosis 1(0.4) 0
Other 10 (3.6) 5 (13.5)

Data are presented at n (%). A number of patients had multiple indications for

rehospitalisation.

PVR: paravalvular regurgitation




Supplementary Table 6. Indications for reintervention.

<Mild PVR >Moderate PVR
(n=9) (n=6)
Non-structural dysfunction PVR 6 (66.7) 6 (100)
Device migration/malposition 2 (22.2) 0
Valve thrombosis 1(0.11) 0
Access site-related vascular injury 1(0.11) 0

Data are presented at n (%). One patient in the <mild PVR group experienced both device

migration/malposition and non-structural dysfunction PVR.

PVR: paravalvular regurgitation
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Supplementary Figure 1. Landmark analyses at one year for association of paravalvular

regurgitation severity with all-cause death.

Kaplan-Meier survival curves for all-cause death are shown for patients with >moderate PVR,
mild PVR, and none/trace PVR with landmark analyses performed at one year after TAVR. The
overall log-rank p-value up to one year was 0.04 and after one year was 0.02.

PVR: paravalvular regurgitation; TAVR: transcatheter aortic valve replacement
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Supplementary Figure 2. Landmark analyses at one year for association of paravalvular
regurgitation severity with clinical outcomes.

Kaplan-Meier survival curves are shown for patients with >moderate PVR and patients with
<mild PVR with regards to (A) all-cause death, (B) cardiovascular death, (C) rehospitalisation,
(D) reintervention, and (E) stroke with landmark analyses performed at one year after TAVR.
PVR: paravalvular regurgitation; TAVR: transcatheter aortic valve replacement



