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Abstract

Aims: We aimed to assess the prevalence and features of prosthesis-patient mismatch (PPM) following
transcatheter aortic valve implantation (TAVI) and its prognostic impact considering baseline left ventri-
cular ejection fraction (LVEF).

Methods and results: Data from 1,309 patients undergoing TAVI for severe aortic stenosis were derived
from a single-centre dedicated TAVI registry. PPM was assessed according to echocardiography at dis-
charge and was defined in accordance with VARC-2. Median follow-up time was 2.03 years. Moderate
and severe PPM was detected in 22.9% and 12.9%, respectively. Patients with severe PPM had smaller
annuli and more often received transcatheter heart valve (THV) sizes <23 mm. Supra-annular THV design
showed the lowest rate of PPM. In patients with LVEF <40%, but not in those with LVEF >40%, severe
PPM was associated with an increased three-year mortality rate (no vs. severe PPM for LVEF >40%: 34.6%
vs. 29.5%, p=0.96; LVEF <40%: 45.1% vs. 68.0%, p=0.041) and was independently predictive of all-cause
mortality according to multivariate analysis in these patients (HR 2.97; 95% CI: 1.58-5.59, p<0.001).

Conclusions: The presence of severe PPM depends on annular dimensions and THV size and design and
is an independent predictor of mortality in patients with reduced LVEF. Hence, the risk of PPM should be
considered within the process of THV selection.
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© Europa Digital & Publishing 2019. All rights reserved.

SUBMITTED ON 14/08/2018 - REVISION RECEIVED ON 3/11/2018 - ACCEPTED ON 09/11/2018



Abbreviations

AS aortic stenosis

BMI body mass index

EOA effective orifice area

GFR glomerular filtration rate

LVEF left ventricular ejection fraction

Mi myocardial infarction

MSCT multislice computed tomography

PPM prosthesis-patient mismatch

PVL paravalvular leakage

STS PROM Society of Thoracic Surgeons predicted risk of
mortality

SvI stroke volume index

TAVI transcatheter aortic valve implantation

TTE/TEE  transthoracic/transoesophageal echocardiography

Introduction

Prosthesis-patient mismatch (PPM), defined as too small a prosthe-
sis in relation to the patient’s body size as assessed by its indexed
effective orifice area (iEOA), is associated with poor outcome after
surgical aortic valve replacement (SAVR), in particular in patients
with reduced left ventricular function'?. Accordingly, for trans-
catheter aortic valve implantation (TAVI) also, at least moderate
PPM is considered a device failure due to poor transcatheter heart
valve (THV) performance, as is stated in the current Valve Academic
Research Consortium (VARC) definition®. Currently, several differ-
ent THV designs with varying haemodynamic properties are com-
mercially available*. However, data regarding the prevalence and
prognostic impact of PPM after TAVI using various THV designs
are scarce, especially with respect to the left ventricular ejection
fraction (LVEF) at baseline. Thus, the aim of the present study was
to assess in a real-world patient population, firstly, clinical and pro-
cedural characteristics including different THV designs according
to the presence of PPM after TAVI and, secondly, the prognostic
impact of PPM taking baseline LVEF into consideration.

Methods

PATIENTS

All patients who underwent TAVI at our centre due to severe symp-
tomatic native aortic stenosis (AS) between 2008 and 2017 and
who had provided in-house echocardiographic data on PPM were
included in the analysis (n=1,512). Patients with valve-in-valve pro-
cedures (THV in THV or surgical prosthesis), or TAVI for pure aor-
tic regurgitation or in combination with percutaneous mitral valve
treatment were excluded from the analysis, leaving 1,309 patients
for the analysis. Median follow-up time was 2.03 years.

PROCEDURE

Preprocedural workup included transthoracic echocardiography
(TTE), transoesophageal echocardiography (TEE) and coronary
angiography. For annular sizing, contrast-enhanced multislice
computed tomography (MSCT)-based measurements were con-
secutively performed in all patients from October 2011 onwards.

Prognostic impact of PPM after TAVI

TAVI was performed in a standard fashion as described previ-
ously*°. Patients were treated with balloon-expandable intra-annu-
lar, self-expanding supra-annular, self-expanding intra-annular,
mechanically expandable infra-annular, non-metallic and self-
expanding cusp-fixated THVs. Further information on the THV
types used in the study population is given in Supplementary
Appendix 1.

DATA ACQUISITION AND FOLLOW-UP

The study was designed as a data analysis from a single-centre reg-
istry. Baseline, procedural, and follow-up data were prospectively
collected in a dedicated database and retrospectively analysed.
Echocardiographic data were derived from in-house TTE or TEE
before TAVI and at discharge. Survival data were obtained either
from in-house information, telephone follow-up of the patient or
the referring physician, or by contacting civil registries. Patients
provided informed consent to the procedure and data acquisition.
The authors take full responsibility for data integrity.

DEFINITION OF PPM

PPM was assessed according to TTE at discharge and defined in
accordance with VARC-2 criteria®, meaning that in patients with
body mass index (BMI) <30 kg/m? an iEOA >0.85 cm/m’ was
considered as no PPM, an iEOA <0.85 >0.65 cm/m? as moder-
ate, and an iEOA <0.65 cm/m? as severe PPM. In patients with
BMI >30 kg/m? no PPM was defined as an iEOA >0.70 cm/m?,
moderate as an iEOA <0.70 >0.60 cm/m?, and severe as an iEOA
<0.60 cm/m* The EOA after TAVI was calculated by using the
continuity equation, for which all variables including LVOT meas-
urements were derived from echocardiography.

STATISTICAL ANALYSIS

Continuous variables were described as means+standard devia-
tion (SD), categorical variables as absolute numbers and per-
centages. The t-test (for continuous variables) or the ¥* test (for
categorical variables) was employed for comparisons among PPM
groups. Prevalences of PPM were calculated for each year. Locally
weighted scatter-plot smoothing was used to investigate time
trends in these prevalences. To compare all-cause mortality among
groups, Kaplan-Meier curves were generated. Log-rank tests
were used to test for differences in all-cause mortality. To assess
the association between PPM and three-year mortality dependent
on LVEF, fractional polynomials for LVEF were modelled sepa-
rately in each PPM group. Univariable Cox regression was used
to estimate hazard ratios (HR) for moderate and severe PPM com-
pared to no PPM. Multivariable Cox regression models were built
to assess whether PPM was an independent predictor of mortal-
ity. The multivariable models were built in two steps: 1) variables
considered as potential predictors of mortality (age, sex, Society
of Thoracic Surgeons predicted risk of mortality [STS PROM],
BMI category, hypertension, diabetes on insulin, prior myocardial
infarction or stroke, atrial fibrillation, LVEF, transfemoral access,
paravalvular leakage [PVL], Pmean at baseline and post TAVI,
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stroke volume index [SVI], permanent pacemaker implantation pre
and post TAVI, and PPM) were first analysed in univariable Cox
regression analysis; 2) variables that showed p-values <0.25 in the
univariable analyses were used in a forward selection process using
the Akaike information criterion as selection criterion. PPM was
forced into the multivariable model (irrespective of the p-value).

A two-sided p-value of <0.05 was considered statistically signi-
ficant. All statistical methods were implemented in R statistical
software version 3.5.1 (R Foundation for Statistical Computing,
Vienna, Austria; www.R-project.org).

Results

BASELINE CHARACTERISTICS

Patients’ baseline characteristics are shown in Tahle 1. Patients
were trichotomised according to the presence of no PPM (64.2%),
moderate PPM (22.9%) or severe PPM (12.9%). There was no
significant difference in terms of age, sex and STS PROM as well
as comorbidities among patients with no PPM, moderate PPM,

Table 1. Baseline characteristics and procedural data.

and severe PPM, despite a higher prevalence of atrial fibrillation,
diabetes mellitus and prior myocardial infarction in patients with
moderate or severe PPM. Patients in the severe PPM group pre-
sented with a higher BMI. Echocardiographic baseline parameters
are given in Supplementary Table 1. Patients with severe PPM
presented with smaller LVOT diameters, EOAs and SVIs at base-
line. There was no difference in terms of baseline LVEF among
PPM groups.

PROCEDURAL DATA AND ECHOCARDIOGRAPHIC OUTCOME

Procedural data are also shown in Table 1. Patients with severe
PPM had smaller aortic annuli, received smaller valve sizes and
were more often treated via transapical access and with pre-bal-
looning. There was no difference in the rate of post-ballooning
among PPM groups. The rate of MSCT-based annular sizing was
lower in the group of patients with severe PPM. Echocardiographic
outcome at discharge is shown in Supplementary Table 2. Patients
with severe PPM had higher mean transprosthetic gradients, lower

All (N=1,309) | No PPM (N=840) |Moderate PPM (N=300) Severe PPM (N=169)| p-value
Baseline characteristics
Sex (male) 638 (48.7) 403 (48.0) 152 (50.7) 83 (49.1) 0.72
Age (years) 80.7+6.7 80.9+6.3 80.6+7.2 79.9+7.7 0.21
BMI (kg/m?) 26.9+5.1 26.9+5.0 26.2+4.7 27.9+£5.8 0.0034
STS PROM (%) 6.1+4.5 6.0+4.3 6.1+4.8 6.2+5.0 0.84
Hypertension 1,121 (85.6) 719 (85.6) 257 (85.7) 145 (85.8) 1.00
Diabetes on insulin 204 (15.6) 138 (16.4) 33(11.0) 33(19.5) 0.027
GFR (ml/min/1.73 m2) 57.9+21.4 57.9+21.6 57.8+£21.0 58.1+21.0 0.99
Atrial fibrillation 360 (28.6) 208 (26.1) 87 (29.7) 65 (38.9) 0.0035
Prior MI 223 (17.0) 127 (15.1) 66 (22.0) 30(17.8) 0.024
Prior stroke 215(16.4) 138 (16.4) 46 (15.3) 31(18.3) 0.70
NYHA Class |11 962 (73.8) 612 (72.9) 223 (74.8) 127 (76.5) 0.57
NYHA Class IV 160 (12.3) 102 (12.2) 34 (11.4) 24 (14.5) 0.62
Transfemoral access 834 (63.7) 610 (72.6) 164 (54.7) 60 (35.5) <0.001
Transapical access 439 (33.5) 207 (24.6) 129 (43.0) 103 (60.9) <0.001
Direct aortic access 8(0.6) 3(0.4) 2(0.7) 3(1.8) 0.096
Transaxillary access 28 (2.1) 20 (2.4) 5(1.7) 3(1.8) 0.72
Annulus diameter (mm) 24.1+2.2 24.3+2.2 24.0+2.2 23.5+2.2 <0.001
Annular measurement based on MSCT 999 (83.8) 670 (87.1) 222 (82.8) 107 (69.0) <0.001
Valve size (mm) 25.9+2.2 26.1+2.2 25.7+2.2 25.2+2.1 <0.001
Valve size <23 mm 328 (25.1) 176 (21.1) 89 (29.7) 63 (37.3) <0.001
Valve size >27 mm 414 (31.7) 296 (35.4) 82 (27.3) 36 (21.3) <0.001
8ﬁﬁglsr}§emnnulus diameter]-1 in %) JasEadt A0 et Po2ep Eesl
Balloon predilation 1,004 (76.9) 629 (75.1) 228 (76.3) 147 (87.0) 0.0037
Balloon post-dilation 343 (26.3) 228 (27.2) 70 (23.4) 45 (26.6) 0.43
New pacemaker post TAVI 253 (19.4) 152 (18.2) 63 (21.2) 38 (22.6) 0.28
Data presented are the number (percentage) of patients for categorical variables or mean values+standard deviation for continuous variables.




Doppler velocity index and smaller EOA at discharge. No dif-
ference in the rate of more-than-mild PVL was present among
PPM groups. Figure 1 illustrates the prevalence of PPM per THV
design in the total study cohort. The majority of patients were
treated with balloon-expandable intra-annular THVs, followed by
self-expanding supra-annular THVs, self-expanding intra-annu-
lar THVs and self-expanding cusp-fixated THVs. Mechanically
expandable infra-annular THVs were less commonly utilised
and non-metallic THVs were rarely used. The lowest rate of
severe PPM was present in self-expanding supra-annular THVs
(4.3%), whereas the highest rate of severe PPM was detected
in patients with self-expanding cusp-fixated (24.8%) and intra-
annular THVs (23.9%). In patients receiving small THV sizes
(223 mm), self-expanding intra-annular THV design showed the
highest and supra-annular THV design the lowest rate of severe
PPM, albeit the latter finding did not quite reach statistical sig-
nificance (Supplementary Figure 1). Further information on PPM
rates according to THV types used in the study population and
the distribution of THV design according to annulus size are pro-
vided in Supplementary Appendix 1, Supplementary Figure 2 and
Supplementary Figure 3. The risk of severe PPM decreased con-
stantly over the study period, with an HR of 0.83 (95% CI: 0.77-
0.90, p<0.001) per year (Supplementary Figure 4).

OUTCOME ACCORDING TO PPM TAKING INTO
CONSIDERATION LVEF AT BASELINE

There was no association of risk for all-cause mortality and PPM
according to Kaplan-Meier analysis in the total patient cohort (severe
vs. no PPM: HR 1.14, 95% CI: 0.84-1.55, p=0.41) (Figure 2A).
Kaplan-Meier survival curves according to the presence of PPM
after discriminating between patients with LVEF >40% and <40%
are given in Figure 2B and Figure 2C, respectively. In patients with

% 90

81.6%
80-

Self-expanding Balloon-
supra-annular THV expandable THV
(N=277) (N=646)

Mechanically
expandable

(N=67)

infra-annular THV

Prognostic impact of PPM after TAVI

LVEF >40%, no association was found between PPM and mortality
(severe vs. no PPM: HR 0.88, 95% CI: 0.60-1.30, p=0.52), whereas
in patients presenting with an LVEF <40% severe PPM was assoc-
iated with increased risk of mortality (severe vs. no PPM: HR 1.89,
95% CIL: 1.13-3.16, p=0.016). As shown in Figure 3, with decreas-
ing baseline LVEF the risk of all-cause mortality increased con-
tinuously in patients with severe PPM compared to those without
PPM. Accordingly, in patients with baseline LVEF <40%, the rate
of three-year mortality was 45.1% in patients without and 68.0% in
those with severe PPM (p=0.041). Moreover, among patients with
baseline LVEF <40%, severe PPM was found to be the strong-
est predictor of mortality according to multivariate analysis with
an HR of 2.97 (95% CL 1.58-5.59, p<0.001) (Supplementary
Table 3). Further predictors of all-cause death in these patients
were STS PROM, atrial fibrillation, and implantation of a new per-
manent pacemaker after TAVI. In contrast, a higher transprosthetic
gradient at discharge was found to be protective against mortality.
In the total patient cohort and in the subset of patients with baseline
LVEF >40%, severe PPM showed no significant impact on mor-
tality according to multivariate analysis (Supplementary Table 4,
Supplementary Table 5).

Discussion

The main findings of our study are as follows. 1) Moderate and
severe PPM were detected in a substantial number of patients after
TAVI but its incidence decreased over time. 2) Patients with PPM
had higher BMI but smaller valve anatomies and received smaller
valve sizes compared to those without PPM. 3) Supra-annular
THVs showed the lowest rate of PPM. 4) In the total patient
cohort PPM showed no impact on all-cause mortality. 5) However,
among the subset of patients with LVEF <40%, severe PPM was

strongly predictive of adverse outcome.

M No PPM
Moderate PPM
B Severe PPM

66.7%

Non-metallic
annular THV
( )

Self-expanding Self-expanding
intra-annular THV  cusp-fixated THV
( 5

Figure 1. Prevalence of PPM according to all THV designs. ***p<0.001 for THV design vs. all other THV design groups. **p<0.01 for THV

design vs. all other THV design groups.
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Figure 2. Mortality according to the presence of PPM. Kaplan-Meier survival curves according to the presence of no, moderate and severe
PPM for the total patient cohort (A), patients with baseline LVEF >40% (B), and patients with baseline LVEF <40% (C).

PREVALENCE AND CLINICAL FEATURES OF PPM AFTER TAVI
The prevalence of PPM after TAVI has so far been investigated
in small, mostly single-centre studies®'® as well as in randomised
controlled trials, including the PARTNER trial A cohort!. In
a recently published meta-analysis, severe PPM was found in
8% of TAVI patients'>2. However, these data only refer to first-
generation devices. Our study is the first large-scale assessment
of PPM after TAVI in a patient population in whom various cur-
rently available second-generation THVs were used in most of the
cases. Interestingly, we found that the occurrence of PPM after
TAVI decreased significantly over time and was, in fact, a rare

w
L

Relative hazard of dying within 3 years

finding in patients treated in recent years. The improved haemo-
dynamic properties of currently available THVs, including various
supra-annular designs, avoidance of significant valve undersizing
by more accurate preprocedural planning using MSCT, as well as
increased operator experience in terms of THV positioning, might
have contributed to this finding®!>15,

As shown in the present TAVI study, smaller annular and LVOT
dimensions, smaller THV sizes and larger BMI are associated with
severe PPM. However, in the current study, more than 20% of
patients with severe PPM received valve sizes >27 mm, indicating
that the risk for PPM is not restricted to small THV sizes. In fact,

B No PPM
Moderate PPM
M Severe PPM

Figure 3. Risk of three-year mortality according to PPM depending on baseline LVEF. Light coloured areas display confidence intervals.



we were able to show that SVI, as an indicator for “low flow”
across the aortic valve, is significantly lower in patients with severe
PPM. Although the EOA is considered to be the most flow-inde-
pendent parameter to assess the prosthetic valve function (e.g., in
comparison to the transprosthetic gradient)®, there remains a flow
dependency even of the EOA, as the flow across the prosthetic
valve is directly incorporated in the continuity equation. Thus, for
a given transprosthetic gradient, the calculated EOA will always be
smaller in a patient with low flow compared to the same patient
with normal flow. Accordingly, the mean transprosthetic gradient
in the severe PPM group was 13.7 mmHg in the present study,
which is far below the VARC-2 postulated cut-off of 20 mmHg for
THV device success®. Interestingly, a higher mean transprosthetic
gradient actually protected against adverse outcome among patients
with impaired LV function (but not in the total patient cohort) in
our study, probably because patients who are capable of generating
higher gradients tend to have more contractile reserve. However,
this flow dependency of both the EOA and, even more so, a single
transprosthetic gradient, represents an inherent limitation of these

parameters for the assessment of THV functionality.

RISK OF PPM ACCORDING TO THV DESIGN

As our data suggest, the risk of PPM might also be dependent
on THV design. We found a higher rate of severe PPM in self-
expanding cusp-fixated and intra-annular THVs and a significantly
lower rate of severe PPM using supra-annular THV designs, indi-
cating that the latter might be less prone to cause severe PPM.
This is supported by previous data that also showed lower rates
of severe PPM with a self-expanding supra-annular THV com-
pared to a balloon-expandable THV in a propensity score-matched
analysis of patients with small aortic annuli’®. For surgical aor-
tic valve prostheses, EOA references can be provided for all sizes
of most of the currently used prosthetic valve types. Therefore,
the occurrence of severe PPM after SAVR can be adequately pre-
dicted before insertion of a certain prosthetic valve type'®. In con-
trast, such THV-specific reference values do not exist for TAVI,
since the EOA after TAVI is directly linked to the individual annu-
lar dimension and the degree of THV expansion, making the risk
of PPM after TAVI less predictable compared to SAVR. Thus,
a limitation of our study was that data were not adjusted for valve
size, annular dimensions, correct implantation position, and THV/
annulus oversizing/undersizing. However, the impact of varying
THYV concepts with different haemodynamic properties on the risk
of PPM is an important matter that should be considered in clini-

cal practice and also addressed in future studies.

PROGNOSTIC IMPACT OF PPM ACCORDING TO BASELINE LVEF
The adverse impact of PPM following SAVR has been demon-
strated in several studies, including a large meta-analysis incor-
porating data of more than 25,000 patients'. In contrast, PPM
after TAVI has so far not clearly been linked to a higher mortality
rate”!12, Severe PPM was found to be an independent predictor of
death in only one single-centre analysis reporting outcome after

Prognostic impact of PPM after TAVI

CoreValve® (Medtronic, Minneapolis, MN, USA) implantation. In
the present study, neither moderate nor severe PPM was assoc-
iated with a significantly higher mortality rate in the total study
cohort. Several reasons might have caused this differential impact
of PPM on survival after SAVR and TAVI. Firstly, SAVR stud-
ies usually report longer follow-up data compared to TAVI stud-
ies; thus, the long-term effect of PPM after TAVI might not be
fully elucidated. Secondly, as TAVI has been restricted to older
patients with a higher rate of non-cardiac comorbidities, these fac-
tors might primarily determine patient outcome, thereby weak-
ening the prognostic impact of PPM. Thirdly, patients with PPM
present with larger BMI, which is known to be a powerful predic-
tor of favourable outcome in TAVI patients'” and could counterbal-
ance the putatively adverse effect of PPM.

The most important finding in the current study was that severe
PPM after TAVI was independently and strongly associated with
poorer outcome in patients with LVEF <40% compared to patients
with LVEF >40%. An adverse effect of PPM in patients with
impaired LV function has also been described for patients after
SAVR?. So far, device iterations in the field of TAVI have been
primarily directed to addressing the rate of PVL, because resid-
ual aortic regurgitation appeared to be the “Achilles’ heel” of the
concept of TAVI in high surgical risk patients'’. In the present
study, which mainly comprises patients at intermediate surgical
risk (STS PROM 6.2%), PVL was not an independent predictor of
mortality. Also, other recent TAVI studies have found no or a less
powerful impact of PVL on mortality in patients at lower surgi-
cal risk'®!. Thus, the present study emphasises that, to optimise
the haemodynamic performance of a THV, not only the risk of
PVL but also the potential risk of PPM should be counterbalanced,
because both factors might be harmful to the patient, in particu-
lar in the vulnerable group of patients with reduced LV function.
The detrimental effect of severe PPM in this subgroup of patients
might be explained by a diminished left ventricular contractile
reserve that renders those hearts more susceptible to an increased
afterload caused by PPM.

Limitations

There are limitations inherent to the present study. First, the study
has a retrospective design. Secondly, echocardiographic data were
not adjudicated by an independent core lab. Thirdly, the study
does not include echocardiographic follow-up data. Thus, THV
durability according to PPM was not assessed in the present study.
Fourthly, the study does not provide long-term mortality data or
outcome parameters other than all-cause mortality. On the other
hand, a particular strength of the current study is that a broad vari-
ety of different THV designs was used in large numbers by a sin-
gle Heart Team.

Conclusions

The present study is the first large-scale analysis of PPM after
TAVI including various THV types and assessing its impact on out-
come with respect to baseline LVEF. Severe PPM was found in
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a significant number of patients and its occurrence was related to
THYV design and size. Moreover, we were able to identify the group
of patients with LVEF <40% in whom mortality was strongly and
independently predicted by the presence of severe PPM. As a conse-
quence, patients at higher risk for and vulnerability to PPM should
be identified and strategies should be implemented into clinical
practice to protect against severe PPM, since this might improve

outcome in AS patients presenting with impaired LV function.

Impact on daily practice

Severe PPM is found in >10% of patients after TAVI. Its pres-
ence depends on annular dimensions and THV design. Because
severe PPM is an independent predictor of mortality in patients
with poor LVEEF, it should be recognised as an adverse finding
after TAVI. Strategies to avoid it should be implemented into
clinical practice.
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Supplementary data

Supplementary Appendix 1. THV devices used in the study population

Patients were treated with 11 different THV devices including balloon-expandable intra-
annular (SAPIEN, SAPIEN XT, SAPIEN 3 [Edwards Lifesciences, Irvine, CA, USA]), self-
expanding supra-annular (CoreValve®, Evolut™ R [Medtronic, Minneapolis, MN, USA],
ACURATE neo™ TF [Boston Scientific, Marlborough, MA, USA], Allegra [New Valve
Technology, Hechingen, Germany), self-expanding intra-annular (Portico™ [St. Jude Medical,
St. Paul, MN, USA], ACURATE neo™ TA [Boston Scientific]), mechanically expandable
infra-annular (LOTUS™ [Boston Scientific]), non-metallic (Direct Flow Medical® [Direct
Flow Medical Inc., Santa Rosa, CA, USA]) or self-expanding cusp-fixated THVs (JenaValve

[JenaValve Technology GmbH, Munich, Germany], Engager™ [Medtronic]).



Supplementary Figure 1. Distribution of prosthesis-patient mismatch according to

transcatheter heart valve design for valve sizes <23 mm.

®No PPM ®Moderate PPM ®Severe PPM

100%
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s Mechanically-
Self-expandable Balloon-expandable expandable ‘Self-expandable Self—e_xpandable
supraannular THV 8 . intraannular THV cusp-fixated THV
w THV (N=183) infraannular THV i i
(N=54) 5 (N=31) (N=28)
(N=24)
No PPM 79.6% 53.6% 54.2% 32.3% 33.3%
Moderate PPM 13.0% 31.1% 12.5% 22.6% 41.7%
Severe PPM 7.4% 15.3% 33.3% 45.2% 25.0%

**p<0.01 for THV type vs. all other THV types.




Supplementary Figure 2. Distribution of prosthesis-patient mismatch according to
transcatheter heart valve type.

®No PPM ®Moderate PPM ™ Severe PPM
100%
90%
80%
70%
60%
50%
= ek
40%
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20%
10%
Kk
L Acurat Sapi Acurat
CoreValve, EvolutR N(;l:)r?l': Sapien ;[_)I[en Sapien 3 Nilg?l': Portico Lotus | Directflow | Engager |JenaValve
(N=92) (N=28) (N=150) (N=48) (N=284) (N=314) (N=92) (N=71) (N=67) (N=3) (N=59) (N=94)
No PPM 67.4% 82.1% 89.3% 50.0% 66.2% 64.0% 42.4% 90.1% 67.2% 66.7% 27.1% 37.2%
Moderate PPM |  26.1% 10.7% 8.0% 29.2% 23.2% 26.1% 18.5% 5.6% 19.4% 33.3% 35.6% 45.7%
Severe PPM 6.5% 7.1% 2.7% 20.8% 10.6% 9.9% 39.1% 4.2% 13.4% 0.0% 37.3% 17.0%

*** p<0.001 for THV type vs. all other THV types.
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Supplementary Figure 3. Distribution of THV design according to annular size.

Balloon- Self-expandable | Self-expandable | Self-expandable hlid;?:g:ﬁ:g' Non-metallic
expandable THV |supraannular THV | intraannular THV | cusp-fixated THV | . P annular THV
infraannular THV
Annulus £23 mm 55.8% 16.4% 12.5% 10.3% 5.0% 0.0%
Annulus >23 mm 43.7% 23.5% 13.3% 13.3% 5.8% 0.4%

** p<0.01 for annulus <23 vs. >23 mm.

*#% p<0.001 for annulus <23 vs. >23 mm.




Supplementary Figure 4. Prevalence of PPM by year.
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Presented is the prevalence of PPM by year of THV implantation. Light coloured areas
display confidence intervals. The risk of having severe PPM vs. no/moderate PPM decreased

by 0.83 (95% CI: 0.77-0.90) per one-year increase (p<0.001, adjusted for age and sex). Light

coloured areas display confidence intervals.



Supplementary Table 1. Echocardiographic baseline parameters.

Echocardiographic baseline parameter All No PPM Moderate PPM | Severe PPM p-value
(N=1,309) (N=840) (N=300) (N=169)
Pmean (mmHg) 36.0+15.8 36.4 +£16.0 354+16.1 35.0+14.8 0.46
EOA (cm?) 0.76 +£0.19 0.77+0.18 0.73+0.20 0.71+£0.18 <0.001
SVI (mL/m?) 36.8 +13.0 38.4+13.9 35.0+10.9 31.8+95 <0.001
LVOT diameter (mm) 203+19 20.7+19 196+1.38 19.2+2.0 <0.001
LVEF >50%, n (%) 850 (64.9) 560 (66.7) 192 (64.0) 98 (58.0) 0.091
LVEF <30%, n (%) 109 (8.3) 63 (7.5) 28 (9.3) 18 (10.7) 0.31

EOA: effective orifice area; LVEF: left ventricular ejection fraction; LVOT: left ventricular outflow tract; Pmean: mean
transvalvular/transprosthetic gradient; PPM: prosthesis-patient mismatch; SVI: stroke volume index




Supplementary Table 2. Echocardiographic outcome at discharge.

Echocardiographic outcome All No PPM Moderate PPM | Severe PPM p-value
(N=1,309) (N=840) (N=300) (N=169)

EOA post TAVI (cm?) 1.7+0.4 1.8+0.4 1.5+0.3 1.3+0.3 <0.001

Doppler velocity index 05+0.2 06x0.2 05+0.1 0.3x0.1 <0.001

Pmean post TAVI (mmHg) 99146 85+3.7 115+43 13.7+5.6 <0.001

PVL >mild 73 (5.7) 47 (5.7) 20 (6.8) 6 (3.6) 0.36

leakage

EOA: effective orifice area; Pmean: mean transvalvular/transprosthetic gradient; PPM: prosthesis-patient mismatch; PVL: paravalvular




Supplementary Table 3. Predictors of all-cause mortality in patients with baseline LVEF

<40%.

LVEF <40% (N=250)

Univariable

Multivariable

HR (95% CI) p-value HR (95% CI) p-value
Age 1.01 (0.98-1.04) 0.46
Sex (male) 1.39 (0.88-2.21) 0.16 1.52 (0.92-2.51) 0.10
STS PROM 1.07 (1.04-1.10) <0.001 | 1.06 (1.03-1.09) <0.001
BMI <18.5 kg/m? 5.45 (1.66-17.83) | 0.0051
BMI >25 kg/m? 1.13(0.73-1.75) | 057
Hypertension 1.43 (0.82-2.50) 0.20 1.75 (0.93-3.29) 0.086
Diabetes on insulin 1.15(0.68-1.92) 0.61
Prior M1 0.79 (049-1.28) | 0.33
Prior stroke 1.00 (0.57-1.78) 0.99
Atrial fibrillation 2.10 (1.38-3.20) | <0.001 | 1.83(1.17-2.86) 0.0078
Transfemoral access 0.56 (0.37-0.85) | 0.0060
PVL >mild 1.09 (0.72-1.64) 0.70
Pmean baseline 0.97 (0.95-0.99) | 0.0022 | 0.98 (0.96-1.00) 0.11
Pmean post TAVI 0.95(0.90-1.01) [ 0.11 [ 0.91(0.84-0.98) 0.012
SVI 0.96 (0.93-0.98) 0.0011
Pacemaker prior TAVI 1.64 (0.96-2.80) 0.067 1.74 (0.96-3.14) 0.066
New pacemaker post TAVI | 1.86 (1.12-3.09) | 0.016 | 1.73(1.01-2.97) 0.045
PPM 0.033
* No PPM 1 (reference)
* Moderate PPM 1.50 (0.93-2.43) 0.097 1.67 (0.95-2.95) 0.077
« Severe PPM 1.98 (1.17-3.37) | 0.012 | 2.97 (1.58-5.59) <0.001

BMI: body mass index; LVEF: left ventricular ejection fraction; MI: myocardial infarction;
Pmean: mean transvalvular/transprosthetic gradient; PPM: prosthesis-patient mismatch;
PVL: paravalvular leakage; STS PROM: Society of Thoracic Surgeons Predicted Risk of
Mortality; SVI: stroke volume index




Supplementary Table 4. Predictors of all-cause mortality in the total patient cohort.

All patients (N=1,157)

Univariable

Multivariable

HR (95% CI) p-value HR (95% CI) p-value
Age 0.99 (0.98-1.01) | 0.55
Sex (male) 1.20 (0.96-1.50) 0.11
STS PROM 1.08 (1.06-1.10) <0.001 | 1.06 (1.04-1.08) <0.001
BMI <18.5 kg/m? 2.18(1.11-4.29) | 0.024
BMI >25 kg/m? 1.00 (0.79-1.26) 0.98
Hypertension 0.93 (0.68-1.28) 0.67
Diabetes on insulin 1.44 (1.09-1.91) 0.011
Prior Ml 1.35(1.03-1.78) | 0.031
Prior stroke 1.26 (0.95-1.66) 0.11
Atrial fibrillation 2.25 (1.80-2.82) <0.001 | 1.77 (1.39-2.26) <0.001
LVEF <40% 1.84 (1.44-2.36) <0.001 | 1.39(1.06-1.82) 0.017
Transfemoral access 0.68 (0.55-0.85) | <0.001 | 0.74 (0.58-0.94) 0.012
PVL >mild 1.06 (0.85-1.33) 0.59
Pmean baseline 0.98 (0.97-0.98) | <0.001 | 0.99 (0.98-1.00) 0.0051
Pmean post TAVI 0.98 (0.96-1.01) 0.13
SVI 0.97 (0.96-0.98) | <0.001
Pacemaker prior to TAVI 1.39 (0.99-1.96) 0.057 1.30 (0.91-1.87) 0.15
New pacemaker post TAVI | 1.47 (1.13-1.91) | 0.0044 | 1.52(1.16-1.99) 0.0022
PPM 0.70
* No PPM 1 (reference)
» Moderate PPM 1.08 (0.83-1.41) 0.55 0.99 (0.75-1.30) 0.92
* Severe PPM 1.13 (0.82-1.55) 0.46 0.94 (0.67-1.31) 0.70

index

BMI: body mass index; LVEF: left ventricular ejection fraction; MI: myocardial infarction; Pmean:
mean transvalvular/transprosthetic gradient; PPM: prosthesis-patient mismatch; PVL: paravalvular
leakage; STS PROM: Society of Thoracic Surgeons Predicted Risk of Mortality; SVI: stroke volume




Supplementary Table 5. Predictors of all-cause mortality in patients with baseline LVEF
>40%.

Univariable Multivariable
LVEF >40% (N=907)

HR (95% CI) p-value HR (95% CI) p-value
Age 1.00 (0.98-1.02) 0.66
Sex (male) 1.01 (0.77-1.32) | 0.94
STS PROM 1.08 (1.06-1.11) <0.001 | 1.06 (1.04-1.09) <0.001
BMI <18.5 kg/m? 1.78 (0.78-4.08) | 0.17
BMI >25 kg/m? 0.95(0.73-1.25) | 0.73
Hypertension 0.84 (0.58-1.23) 0.37
Diabetes on insulin 1.53(1.10-2.13) 0.013
Prior Ml 1.54 (1.11-2.15) 0.011 1.39 (0.98-1.97) 0.065
Prior stroke 1.37 (0.99-1.89) 0.055
Atrial fibrillation 2.19(1.68-2.87) | <0.001 | 1.91(1.43-2.55) | <0.001
Transfemoral access 0.71 (0.54-0.93) 0.011 0.74 (0.55-0.99) 0.039
PVL >mild 1.01(0.77-1.32) | 094
Pmean baseline 0.98 (0.97-0.99) | <0.001 | 0.99 (0.98-1.00) 0.050
Pmean post TAVI 0.99 (0.96-1.02) 0.60
SVI 0.98 (0.97-1.00) 0.027
Pacemaker prior to TAVI 1.12 (0.71-1.77) 0.62
New pacemaker post TAVI 1.37 (1.00-1.86) 0.048
PPM 0.72
* No PPM 1 (reference)
* Moderate PPM 0.95 (0.69-1.29) 0.73 0.90 (0.65-1.25) 0.53
« Severe PPM 0.85(0.57-1.27) | 0.43 [ 0.72(047-1.09) | 0.12
BMI: body mass index; LVEF: left ventricular ejection fraction; MI: myocardial infarction;
Pmean: mean transvalvular/transprosthetic gradient; PPM: prosthesis-patient mismatch; PVL:
paravalvular leakage; STS PROM: Society of Thoracic Surgeons Predicted Risk of Mortality;
SVI: stroke volume index









