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ABSTRACT

Introduction and objectives: We assessed the long-term hemodynamic performance of transcatheter
heart valve (THV) by paired transthoracic echocardiography (TTE), and the incidence, characteristics and
factors associated with THV structural valve degeneration (SVD).
Methods: A total of 212 patients who underwent transcatheter aortic valve replacement and had a
potential follow-up > 5 years with at least 1 TTE > 1-year postprocedure were included. All patients had
a TTE at 1 to 5 years and 36 had another one at 6 to 10 years. SVD was defined as subclinical (increase
> 10 mmHg in mean transvalvular gradient + decrease > 0.3 cm? in valve area and/or new-onset mild or
moderate aortic regurgitation) and clinically relevant (increase > 20 mmHg in mean transvalvular
gradient + decrease > 0.6 cm? in valve area and/or new-onset moderate-to-severe aortic regurgitation).
Fifteen patients had a transesophageal echocardiography at the time of SVD diagnosis, and 85 an
opportunistic computed tomography examination at 1 (0.5-2) years.
Results: Transvalvular mean gradient increased and valve area decreased over time (P < .01). At 8 years
of follow-up, SVD occurred in 30.2% of patients (clinically relevant: 9.3%). Transesophageal
echocardiography revealed thickened and reduced-mobility leaflets in 80% and 73% of SVD cases,
respectively. No baseline or procedural factors were associated with SVD. THV underexpansion (3.5%) or
eccentricity (8.2%) had no impact on valve hemodynamics/SVD at follow-up.
Conclusions: A gradual THV hemodynamic deterioration occurred throughout a 10-year period, leading
to SVD in ~30% of patients (clinically relevant in < 10%). Leaflet morphology/mobility were frequently
impaired in SVD cases, but THV geometry did not influence valve hemodynamics or SVD.

© 2020 Sociedad Espaiiola de Cardiologia. Published by Elsevier Espaiia, S.L.U. All rights reserved.

Evaluacion multimodal de la degeneracion estructural de valvulas percutaneas en
el seguimiento a largo plazo

RESUMEN

Introduccion y objetivos: Evaluar la hemodinamica valvular a largo plazo de las valvulas percutaneas
(VCP), y determinar la incidencia, las caracteristicas y los factores asociados con la degeneracion
estructural valvular (DEV).

Meétodos: Se incluy6 a 212 pacientes a los que se realiz6 un implante percutaneo de valvula adrtica.
Todos los pacientes tenian un seguimiento potencial minimo de 5 afios y al menos 1 examen de
ecocardiografia transtoracica (ETT) al menos 1 afio tras el procedimiento. Todos los pacientes tuvieron
una ETT a 1-5 afios y 36, una segunda ETT a los 6-10 afios. La DEV se defini6 como subclinica y
clinicamente relevante. A 15 pacientes se les realizé una ecocardiografia transesofagica en el momento
del diagnoéstico de DEV y 85 tuvieron una evaluacion por tomografia computarizada tras 1 (0,5-2) afio.
Resultados: Se observo un aumento del gradiente valvular y una disminucion gradual del area valvular
(p < 0,01). Alos 8 afios de seguimiento, un 30,2% de los pacientes tenian DEV (clinicamente relevante en
el 9,3%). En los casos de DEV, la ecocardiografia transesofagica reveld engrosamiento y movilidad
reducida de los velos valvulares en un 80 y un 73% de los casos respectivamente. No se encontraron
factores basales o de procedimiento relacionados con la DEV. La tomografia computarizada demostro
infraexpansion (3,5%) o excentricidad (8,2%) de la VCP, pero ninguno de estos hallazgos se asoci6 con
DEV.
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Conclusiones: Los resultados de este estudio demuestran un deterioro progresivo (en un periodo de hasta
10 afios) de la hemodinamica de las VCP aérticas, con una tasa de DEV de cerca del 30% (clinicamente
relevante en < 10%). La morfologia/movilidad de los velos valvulares estaba afectada en la gran mayoria
de los casos de DEV, pero la geometria de la VCP no tuvo impacto significativo en la hemodinamica

valvular.

© 2020 Sociedad Espafiola de Cardiologia. Publicado por Elsevier Espafia, S.L.U. Todos los derechos reservados.

Abbreviations

MDCT: multidetector computed tomography
SVD: structural valve degeneration

TAVR: transcatheter aortic valve replacement
TEE: transesophageal echocardiography

THV: transcatheter heart valve

TTE: transthoracic echocardiography

INTRODUCTION

Transcatheter aortic valve replacement (TAVR) is a first-line
treatment for patients with severe symptomatic aortic stenosis at
intermediate to high surgical-risk,!? and recent trials have
provided the basis for its expansion to lower risk patients.>*
Thus, whereas transcatheter heart valves (THV) longevity may
have appeared trivial in the treatment of an initially elderly and
high-risk population, it has currently become one of the most
crucial aspects of TAVR.

Structural valve degeneration (SVD), common to both biopros-
thetic surgical valves and THV, is the consequence of a multiface-
ted process represented mainly by organic tissue calcification and
leaflet integrity disruption that ultimately lead to valve dysfunc-
tion.>~” Good mid-term valve performance has been reported post-
TAVR, but scarce data are available on long-term (> 5 years) THV
durability. Furthermore, inconsistent results exist on long-term
THV hemodynamic performance and the incidence of SVD.513
Among other explanations, this may be partially related to the
nonpaired analyses of echocardiography data in most studies.®~'2
Also, unlike surgical bioprostheses, THVs are subject to external
forces leading to different degrees of underexpansion and/or
eccentricity, which could potentially influence the leaflet-
commissural stress and consequently, valve durability.'4"!”
However, no studies to date have evaluated the impact of THV

frame circularity/underexpansion on valve durability and leaflet
morphology findings in SVD cases. Thus, the objectives of this
study were: a) to determine the long-term hemodynamic
performance of THVs through paired transthoracic echocardiog-
raphy (TTE), and b) to evaluate the incidence, characteristics, and
factors associated with SVD.

METHODS

A total of 295 consecutive patients with native severe
symptomatic aortic stenosis underwent TAVR between
2007 and 2012 in our center. All patients received a balloon-
expandable Edwards SAPIEN (n=170) or SAPIEN XT (n=125)
valve (Edwards Lifesciences, United States). Patients had a clinical
and echocardiography follow-up at 1 and 12 months, and yearly
thereafter. Baseline, procedural and follow-up data were prospec-
tively gathered in a dedicated database.

Echocardiographic assessment

Transthoracic echocardiography (TTE) studies performed by
experienced echocardiographers before hospital discharge were
used as a reference for comparison in order to assess the
occurrence of SVD. Three distinct periods were predetermined
for evaluating THV hemodynamics: hospital discharge; mid-term
(1-5 years) and long-term (6-10 years) follow-up. The latest
echocardiography from each period was used for the analyses.
Mid-term echocardiographic assessment was obtained in
212 patients (90% of the population at risk) at a mean time of
3 + 2 years, whereas 36 patients (70% of the population at risk) had
long-term echocardiographic assessment at a mean time of 7 + 1
years (up to 10 years post-TAVR) (figure 1).

Following current recommendations, qualitative and semi-
quantitative parameters were acquired during echocardiographic
assessments.'®!9 Mean transprosthetic gradient (MG) was
obtained with the Bernoulli formula and the THV effective orifice
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Figure 1. Flowchart of the study population.
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area (EOA) was evaluated by the continuity equation. The left
ventricular outflow tract diameter was measured immediately
proximal to the THV stent frame.?’ Differentiation between
intraprosthetic (central) and paravalvular aortic regurgitation
(AR) was performed by Color Doppler evaluation in several views,
and its severity was assessed using a multiparameter integrative
approach.

SVD was defined as either subclinical or clinically relevant as
previously reported.?®?! Subclinical SVD was diagnosed in the
presence of: a) an absolute increase in MG > 10 mmHg with a
concomitant decrease in EOA > 0.3 cm? (and/or decrease in
Doppler velocity index > 0.08), and/or new onset of at least mild
intraprosthetic AR or increase by at least 1 grade of preexistent
intraprosthetic valve regurgitation, with the resulting regurgita-
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tion grade inferior or equal to moderate; or b) change in
morphology (ie, thickening, calcification, flail, pannus) and/or
mobility (ie, reduced, avulsed) of THV leaflets. Clinically relevant
SVD was defined as an increase in MG > 20 mmHg with a
concomitant decrease in the EOA > 0.6 cm? (and/or decrease in
Doppler velocity index > 0.15), generating a severe aortic stenosis
according to current guidelines; and/or new occurrence or increase
of at least 1 grade of intraprosthetic regurgitation leading to
moderate-to-severe AR.

Data on transesophageal echocardiography (TEE) examinations
performed at the time of SVD diagnosis were collected. The
presence of valvular thrombosis, leaflet calcification, morphology
and mobility as well as AR severity and type were evaluated and
recorded.
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Figure 2. Changes in transcatheter valve hemodynamics over time. A: unpaired echocardiographic data of patients with at least 1 transthoracic echocardiography
1 year after TAVR (n = 212). P < .001 for changes in both mean gradient and effective orifice area and P = .038 for the increase in the proportion of higher grades of
intraprosthetic regurgitation from discharge to 6 to 10 years of follow-up. B: paired echocardiographic data of patients with transthoracic echocardiography
assessment at hospital discharge, mid-term (1-5 years) and long-term (6-10 years) follow-up (n = 36). P =.006, P =.002 and P = .669 for changes in mean gradient,
effective orifice area and for the increase in the proportion of higher grades of intraprosthetic regurgitation, respectively. AR, aortic regurgitation.
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Multidetector computed tomography

Incidental multidetector computed tomography (MDCTs) were
performed in 137 patients post-TAVR. Of these, the geometry and
structural integrity of the THVs could be appropriately assessed in
85 examinations (40.1% of the 212 patients with at least 1 TTE at
> 1-year follow-up) performed at a median of 1 (0.5-2) year post-
TAVR. An experienced radiologist, blinded to echocardiographic
findings and the patient’s clinical outcomes, reanalyzed all MDCTs
targeting structural elements of the implanted THV such as
fracture, circularity, and expansion. Although all MDCTs were
electrocardiography (ECG)-gated, the examination protocol and
the use of contrast media were determined by the radiologist
responsible for their implementation.

The external edges of the THV were taken as reference to obtain
its external diameter and area at 3 distinct cross-sectional levels
(inflow, mid-stent, and outflow) during diastole at 75% of the R-R

interval. After acquisition of such measurements, prosthesis
expansion and circularity/eccentricity were assessed. THVs were
circular when an eccentricity index, calculated as 1 - minimum
THV external diameter/maximum THV external diameter, was
< 10%.'722 THV underexpansion was defined as THV external area

divided by nominal external area < 90%.'7>3

Statistical analysis

Continuous variables were reported as mean =+ standard deviation
or median [25™-75% interquartile range] as appropriate. Comparisons
between numerical variables were performed by the Wilcoxon rank-
sum or the Student t test. Categorical variables were reported as number
(percent) and were compared using the chi-square or Fisher exact test.
Changes in MG, EOA and intraprosthetic regurgitation over time were
assessed with repeated measures analyses of variance. MG and EOA

Table 1
Baseline, procedural, discharge echocardiography and post-TAVR MDCT data according to the presence of structural valve degeneration
All patients No SVD SVD HR (95%CI) P
(n=212) (n=155) (n=57)

Clinical characteristics
Age, y 80+38 80+8 78+ 7 0.98 (0.95-1.02) 315
BMI, kg/m?> 2745 2745 2745 0.99 (0.94-1.04) 680
Male sex 84 (39.6) 69 (44.5) 15 (26.3) 0.56 (0.31-1.02) 056
Diabetes mellitus 71 (33.5) 50 (32.3) 21 (36.8) 1.11 (0.64-1.90) 717
Hypertension 192 (90.6) 136 (87.7) 56 (98.3) 5.38 (0.74-38.9) 096
Dyslipidemia 172 (81.5) 125 (81.2) 47 (82.5) 1.01 (0.51-2.01) 972
COPD 56 (26.4) 46 (29.7) 0(17.5) 0.65 (0.32-1.29) 218
NYHA class 1lI-IV 162 (76.4) 118 (76.1) 44 (77.2) 1.11 (0.60-2.07) 116
eGFR < 60 mL/min 132 (62.3) 97 (62.6) 35 (61.4) 1.07 (0.63-1.83) 797
Previous CAD 142 (66.9) 108 (69.7) 34 (59.7) 0.86 (0.51-1.47) 588
Atrial fibrillation 61 (28.8) 48 (30.9) 13 (22.8) 1.02 (0.55-1.90) 952
Previous stroke 45 (21.2) 34 (21.9) 11 (19.3) 1.07 (0.55-2.06) 847
STS-PROM score, % 6.6+ 3.8 6.9+ 43 6.4+ 34 0.99 (0.92-1.06) .697

Baseline echocardiography
LVEF, % 54+ 15 53+ 14 54+ 14 1.00 (0.98-1.02) .829
LVEF <50% 61 (28.8) 45 (29.0) 16 (28.1) 1.02 (0.57-1.81) 958
Mean gradient, mmHg 42417 42+ 16 404+ 17 0.99 (0.98-1.01) 316
Aortic valve area, cm? 0.63+0.19 0.64+0.18 0.61+0.19 0.73 (0.17-3.18) .676
Moderate/severe AR 4 (6.8) 9 (5.9) 5(9.1) 0.96 (0.38-2.40) 923

Procedural variables
Valve size 20-23 mm 112 (52.8) 75 (48.4) 37 (64.9) 1.89 (1.10-3.27) 021
Balloon predilation 204 (96.2) 150 (96.8) 54 (94.7) 0.60 (0.19-1.94) 396
Balloon postdilation 51 (24.1) 39 (25.2) 12 (21.1) 0.66 (0.35-1.28) 222
Need for second valve 4(1.9) 4 (2.6) 0(0) - -

Discharge echocardiography
LVEF, % 54+13 54+13 53+13 0.99 (0.98-1.01) 575
LVEF < 50% 52 (24.5) 38 (24.5) 14 (24.6) 1.13 (0.62-2.06) 697
Mean gradient, mmHg 11+4 11+5 10+4 0.96 (0.91-1.02) .190
Aortic valve area, cm? 1.37+0.36 1.38+0.37 1.37+0.34 1.28 (0.60-2.72) 528
Moderate/severe AR 7 (3.4) 7 (4.6) 0(0) - -
Severe PPM 47 (23.5) 35 (23.9) 12 (22.2) 0.83 (0.44-1.59) 580

Computed tomography (n=85)
Presence of eccentricity 7 (8.2) 5(8.8) 2(7.1) 0.79 (0.19-3.36) 754
Presence of underexpansion 3(3.5) 2 (3.5) 1(3.6) 1.48 (0.20-11.2) 702

95%Cl, 95% confidence interval; AR, aortic regurgitation; BMI, body mass index; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; eGFR, estimated
glomerular filtration rate; HR, hazard ratio; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; PPM, prosthesis-patient mismatch; STS-PROM, Society

of Thoracic Surgeons-Predicted Risk of Mortality; SVD, structural valve degeneration.

Unless otherwise indicated, values are expresses as No. (%), or mean + standard deviation.
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Figure 3. Death-competing risk analysis for the incidence of SVD over 8 years
of follow-up. A: incidence of any type of structural valve degeneration. B:
incidence of clinically relevant structural valve degeneration. 95%CI, 95%
confidence interval; SVD, structural valve degeneration.

values were log transformed to stabilize variances. Reported P-values
were based on this transformation. The incidence of SVD was assessed
by death-competing risk analyses. Cox proportional-hazard models
were applied to determine the factors associated with SVD. The relevant
variables presenting a P-value < .10 in the univariable analyses were
included in the multivariable model. Results were deemed significant
when a 2-sided P-value < .05 was achieved. Statistical analyses were
performed with the SAS statistical software version 9.4 (SAS Institute
Inc., United States).

RESULTS
Transcatheter heart valve hemodynamic performance

Echocardiographic data on THV hemodynamic changes over
time, comprising the MG, EOA and intraprosthetic AR for the
overall population are shown in figure 2A. A mild but significant
increase in MG (A =1.94 + 7.4 mmHg; P < .001), decrease in EOA
(A =—-0.09 + 0.43 cm?; P =.005) and a larger proportion of higher AR
grades (P=.011) were observed from discharge to mid-term follow-
up. A further increase in MG (A = 6.0 + 11.9 mmHg; P =.004) along
with a decrease in EOA (A=-0.19+ 0.44 cm?; P=.02), and an
increase in the proportion of higher AR grades (P =.038) were also
observed from mid- to long-term follow-up.

Paired echocardiographic data from 36 patients obtained at the
3 prespecified time periods revealed a significant increase in MG and
a decrease in EOA (A=59+ 11.8, P=.006; A=-0.19+ 0.44 cm?,
P =.002, respectively), although no significant change in AR severity was
observed (P =.669) throughout the follow-up (figure 2B).

Incidence, characteristics and factors associated with structural
valve degeneration

The main baseline, procedural, discharge echocardiography and
post-TAVR MDCT data of patients who had at least 1 echocardio-
graphic assessment at > 1-year after TAVR are shown in table 1
according to SVD status. SVD occurred in 57 patients (26.9%) and
was subclinical and clinically relevant in 40 (18.9%; 70.2% of the
SVD cohort) and 17 patients (8.0%; 29.8% of the SVD cohort),
respectively. The overall incidence of SVD at 8 years of follow-up
was 30.2%; 95%Cl, 23.4%-37.2%, where 21.9%; 95%CI, 15.8%-28.6%
and 9.3%; 95%Cl, 5.5%-14.2% were subclinical and clinically
relevant, respectively (figure 3). The mean time for the diagnosis
of any SVD was 3 + 2 years, hence the majority (48 patients, 84%) was
diagnosed at a mid-term follow-up; 34 (60%) and 14 (24%) being
subclinical and clinically relevant SVD, respectively. At long-term
follow-up, another 9 (16%) SVD cases occurred, of which 6 (11%) were
subclinical and 3 (5%) were clinically relevant (figure 1 of the
supplementary data).

The development or increase in intraprosthetic AR was the most
frequent cause of SVD in both the subclinical (27 patients, 68%) and
the clinically relevant (12 patients, 71%) cohorts. While isolated
THV stenosis was the second cause of SVD in the subclinical cohort
(10 patients, 25%), it was the least frequent cause in clinically
relevant SVD patients (1 patient, 6%). Mixed valve dysfunction,
with THV stenosis and intraprosthetic AR criteria, was the primary
cause of SVD in 3 (7%) and 4 (23%) patients in the subclinical and
clinically relevant SVD cohorts, respectively.

There were 16 patients with SVD among the 36 patients with
long-term echocardiography data. This specific subgroup showed a
significant increase in MG (A = 13.2 + 14.5 mmHg; P < .001) and in
the proportion of higher grades of intraprosthetic AR (P =.045) with a
decrease in EOA (A=-032+ 0.55cm? P <.001) over time,
regardless of SVD type (figure 2 of the supplementary data).

SVD worsened over time, since 3 (7.5%) subclinical SVD patients
developed clinically relevant SVD, and mixed valve dysfunction
was eventually observed in 2 (20%) and 4 (14.8%) patients initially
diagnosed with isolated THV stenosis and isolated intraprosthetic
AR, respectively.

Aortic valve reintervention was performed in 12 (5.66%)
patients overall. The reasons for reintervention were subclinical
SVD in 4 (33%) patients, clinically relevant SVD in 5 patients (42%),
development of nonstructural valve deterioration in the form of
severe paravalvular regurgitation in 2 (17%) patients and 1 (8%)
patient was reintervened in another country, due to unknown
causes. All but one reintervened SVD patient underwent a TAVR-
in-TAVR procedure. All cases with nonstructural valve deteriora-
tion were treated by surgical aortic valve replacement (SAVR).

Although smaller THVs (P=.021) were more frequent in the
SVD cohort (table 1), no individual factor was independently
associated with SVD (multivariable analysis) (table 1 of the
supplementary data).

Transesophageal echocardiography data

Fifteen patients underwent a TEE assessment at the time of SVD
diagnosis (mean: 5 + 1 years post-TAVR) (table 2 of the supplemen-
tary data). In this cohort, SVD was most frequently secondary to the
appearance/increase of intraprosthetic regurgitation (8 patients,



252 A.N. Ferreira-Neto et al./Rev Esp Cardiol. 2021;74(3):247-256

Figure 4. Transesophageal echocardiography images performed in structural valve degeneration patients (IA). Intraprocedural long-axis view of a SAPIEN XT
showing thin THV leaflets (IB). Long-axis view of a SAPIEN XT performed 5.5 years after the implantation on a patient with THV due to stenosis, showing thickened
and calcified leaflets (IIA). Intra-procedural short-axis view of a SAPIEN XT showing thin THV leaflets (IIB). Short-axis view of a SAPIEN XT performed 5.5 years after
the THV implantation on a patient with THV due to stenosis, showing thickened and calcified leaflets (IIIA). Color-Doppler intraprocedural long-axis view of a
SAPIEN XT showing thin THV leaflets and no residual aortic regurgitation (IIIB). Color-Doppler long-axis view of a SAPIEN XT performed 5.3 years after THV
implantation in a patient with THV due to the development of severe intraprosthetic aortic regurgitation, although thickened and calcified THV leaflets were also
observed. Ao, aorta; LA, left atrium; LV, left ventricle; THV, transcatheter heart valve.

53.3%), followed by THV stenosis (5 patients, 33.3%) and mixed THV
degeneration (2 patients, 13.3%). No THV thrombosis was observed.
TEE accurately determined the grade and type of AR while displaying
thickened/calcified leaflets and abnormal leaflet mobility in 12 (80%)
and 11 (73%) patients, respectively (figure 4).

MDCT post-TAVR

The clinical and procedural characteristics of the 85 patients
with analyzable MDCT examinations at follow-up are shown in
table 3 of the supplementary data. At a median of 1 (0.5-2) year
post-TAVR, no stent frame fractures were observed among the
85 analyzable MDCT studies. Overall, 7 (8.2%) THVs were eccentric
and 3 (3.4%) were underexpanded. Although a significantly smaller
expansion was observed at the inflow when compared with the
outflow level (P <.001), THV circularity remained similar at all
levels (P=.993).

Data obtained from the discharge and last available TTE showed
no impact of THV eccentricity and/or underexpansion on
echocardiographic parameters over time (MG, P=.947; EOA,
P=.594; AR, P=.119) (figure 5). A total of 28 SVD patients
(49.1% of the SVD cohort) were among the MDCT cohort, and no
differences in MDCT measurements and THV eccentricity and/or
underexpansion were observed between SVD and non-SVD
patients (P =ns for all) (table 2).

DISCUSSION

The main findings of this study including balloon-expandable
THV recipients are as follows: a modest but significant decrease in

EOA and increase in MG were observed over a 10-year follow-up
period; b) SVD occurred in about one fourth of patients (subclinical
and clinically relevant in two thirds and one third of SVD patients,
respectively); ¢) most SVD patients assessed by TEE exhibited
thickened and reduced-mobility leaflets, and none had signs of
THV thrombosis; and d) MDCT showed no stent frame fracture, a
low incidence of THV eccentricity and/or underexpansion, and no
association between THV circularity/expansion and SVD was
observed.

Currently, inconsistent data on THV hemodynamics are
available, with some reports revealing steady EOAs and MG up
to 5 years of follow-up,?*~2° while others showed a significant
decrease in EOAs and a trend toward MG increase.”>° Recently,
studies with longer follow-up demonstrated stable THV hemody-
namics beyond 5 years.'"'> However, none of these reported
paired echocardiography data. Interestingly, a recent publication
with a paired comparison between discharge and the last available
TTEs, showed lower peak transprosthetic gradients and a reduction
in AR severity at long-term follow-up.'> However, these findings
were mainly driven by self-expandable THVs (CoreValve system in
about two thirds of patients), since no change in valve
hemodynamics was observed among the balloon-expandable
valve recipients.'® Conversely, our paired TTE analyses performed
with data from 3 different time points showed a gradual and
significant increase in MG with a decrease in EOA over time.
Interestingly, this analysis revealed AR worsening exclusively
among the SVD cohort.

Whereas SVD occurs in < 5% of TAVR patients up to 5 years,
rates ranging from 0% to 50% have been reported beyond the 5-year
landmark.>~'>?! Notably, SVD definitions have diverged among
previous reports. Nevertheless, long-term incidences of SVD still
varied from 0% to 15%, on application of the criteria proposed by the

7,24-30
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Figure 5. Changes in valve hemodynamics from discharge to the last follow-up echocardiogram for the cohort with performance of multidetector computed
tomography after TAVR according to THV eccentricity and expansion. A: MDCT image of an underexpanded 26 mm SAPIEN valve; dotted line delineates the
nominal THV area whereas the solid line delineates the achieved THV area. B: MDCT image of an eccentric 23-mm SAPIEN valve; elliptic figure demonstrates the
THV eccentricity. C,D: mean aortic gradient and effective orifice area. P =.947 and P = .594 for the difference between the absence and the presence of eccentricity/
underexpansion regarding transprosthetic mean gradient and effective orifice area at discharge and at the last available echocardiogram at follow-up, respectively.
E: intraprosthetic valve regurgitation. P =.119 for changes in aortic severity proportions from discharge to last available echocardiogram at follow-up. AR, aortic
regurgitation; MDCT, multidetector computed tomography; TAVR, transcatheter aortic valve replacement; THV: transcatheter heart valve.

European Association of Percutaneous Cardiovascular Interventions
EACTS-EAPCI®? at similar follow-up periods.”~'® A potential short-
coming of this definition is the acceptance of absolute values of MG
> 20 mmHg at any echocardiography during follow-up as diagnostic
of SVD. This may lead to substantial overestimation of the SVD
incidence, since it may categorize severe prosthesis-patient mis-
match cases as SVD. The definition used in our study does not include
absolute values of MG as diagnostic of SVD and mandates the
presence of valve hemodynamic deterioration during follow-up to
confirm the presence of SVD. Recent data from the NOTION trial
revealed rates of SVD as 24% in SAVR and 4.8% in TAVR according to

the European Association for Cardio-Thoracic Surgery-European
Association of Percutaneous Cardiovascular Interventions (EACTS-
EACPI) definitions, but 2-fold lower (14.1% and 2.1%, respectively),
when considering the hemodynamic deterioration throughout
follow-up.'° Finally, accurate Doppler measurements are highly
important for the diagnosis of SVD, and the variability in such
measurements at different time points following TAVR may also
impact the rates of SVD reported in different studies.
Understandably, the primary cause of SVD varies according to
the diagnostic criteria applied. In a recent review, Foroutan et al.°
found that post-TAVR SVD was mainly due to THV stenosis (58%),
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Table 2
Multidetector computed tomography data according to the presence of structural valve degeneration (n=385)
All patients SVD No SVD P

Variable (n=85) (n=28) (n=57)
Presence of eccentricity, % 7 (8.2) 2(7.1) 5(8.8) 1.0
Maximal outflow diameter, mm 25.3+2.0 25.0+1.7 25.5+2.1 317
Minimal outflow diameter, mm 243+2.0 23.8+2.0 24.5+2.0 187
Maximal mid-stent diameter, mm 247+19 243+18 249+19 210
Minimal mid-stent diameter, mm 23.6+£2.0 23.2+1.8 23.7+£20 314
Maximal inflow diameter, mm 244+19 24.0+1.5 245+2.1 .360
Minimal inflow diameter, mm 233+19 23.2+1.6 23.4+20 755
Eccentricity index outflow, % 3.0 [1.0-6.0] 3.5 [2.0-6.7] 3.0 [1.0-6.0] .190
Eccentricity index mid-stent, % 3.4 [1.8-5.5] 4.2 [1.9-5.6] 3.4 [1.7-5.9] .787
Eccentricity index inflow, % 3.1 [1.3-5.4] 3.2 [1.8-4.3] 3.0 [1.0-6.6] .947
Presence of underexpansion 3(34) 1(3.6) 2 (3.5) 1.0
Expansion index outflow, % 107.54+8.9 106.0+9.3 108.1+8.7 342
Expansion index mid-stent, % 101.6+8.0 100.4 +8.5 102.0+79 410
Expansion index inflow, % 99.1+74 99.0+6.4 99.1+7.8 918

SVD, structural valve degeneration.

Data are expressed as No. (%), mean =+ standard deviation, or median [interquartile range].

with regurgitation (39%) and mixed etiology (3%) being less
frequent, whereas in our study, most SVD cases had intraprosthetic
AR as the primary cause. Although SVD is known to be a gradual
process, our study is the first to demonstrate the progression of
THV degeneration over a long-term follow-up, as perceived by the
changes in severity (7.5% of subclinical SVD progressed to clinically
relevant SVD) and in SVD criteria (20% and 15% of SVD due to THV
stenosis and intraprosthetic AR, respectively, developed mixed
THV dysfunction).

In the field of SAVR, SVD has traditionally been equivalent to
valve reintervention.?’*> Nevertheless, applying the same SVD
definitions as in our study, Rodriguez-Gabella et al.?! revealed
rates of subclinical and clinically relevant SVD of 30.1% and 6.6%,
respectively, in a SAVR cohort with a median follow-up of 10 years.
In another SAVR series, Salaun et al.>* reported a 30.9% rate of
overall SVD at a median follow-up of 10 years. These results are
therefore similar to those observed in our TAVR cohort.

The crimping process, the ever-thinning leaflets, the higher
leaflets-frame interaction due to asymmetric and/or incomplete
THV expansion, have all been considered potential factors for
higher SVD development in TAVR when compared with surgical
bioprosthesis.>'471522 Nevertheless, fewer severe prosthesis-
patient mismatches and lower residual gradients in THV recipients
might overcome such detrimental aspects, thus explaining the
significantly higher rates of SVD after SAVR when compared with
TAVR observed in the NOTION trial, even when applying a more
rigorous SVD definition.'®

Similar to a previous MDCT study of balloon-expandable
THVs,!” no THV stent frame fractures were observed in our study.
Moreover, the THV eccentricity rate (8%) was within the previously
reported range (4%-14%).!7>> Delgado et al.>> showed an associa-
tion between higher eccentricity rates, severe aortic valve
calcification and postprocedure incidence of moderate AR ob-
served by TTE assessments at 1-month post-TAVR. On the other
hand, Willson et al.!” reported a lack of association between THV
circularity and valve hemodynamics at 1-year follow-up. Similarly,
our study reports for the first time the lack of association between
THV eccentricity/underexpansion and poorer hemodynamic per-
formance and/or SVD development at long-term follow-up.
Furthermore, although our rate of underexpanded THVs (3.4%)
was lower than the 8% reported by Wilson et al.,!” both studies
revealed significantly smaller expansion indexes at THV inflow

when compared with the outflow level. The restriction force of the
aortic annulus, especially in the presence of an excessive THV
oversizing, and the lack of biological tissue resistance at the
outflow level likely explain the difference in expansion at different
THV levels.

Echocardiographic evaluation of TAVR recipients is currently
recommended at hospital discharge, 6 and 12 months and yearly
thereafter.'®'® Although TTE should be the first modality
performed, TEE is strongly advocated in the presence of abnormal
findings on TTE.>® Whereas leaflet thickening and calcification are
often observed after longer time periods, THV thrombosis has been
traditionally described as an early event.”?’ Nevertheless,
histological analyses of explanted THVs revealed that although
leaflet fibrosis and calcification appeared to be associated with the
length of follow-up, valvular thrombosis occurred regardless of the
time period.>® Hence, detailed imaging of SVD patients is crucial in
determining the cause of valvular deterioration. Our study is the
first to provide TEE data of SVD patients obtained at long-term
follow-up. Overall, valvular thrombosis was accurately ruled out as
the cause of SVD and thickened and reduced-mobility leaflets were
present in the vast majority of cases. Lastly, TEE accurately
determined the grade and type of AR, thus helping to determine
the most appropriate treatment strategy.

Limitations

The high-risk profile and advanced age of the study population
translated into a high mortality rate at follow-up, which negatively
impacted the number of patients at risk for SVD development.
While the performance of yearly echocardiographic examinations
post-TAVR was prespecified, echocardiography data at follow-up
was incomplete. However, paired echocardiographic analysis was
available in up to 90% and 70% of patients at risk at 1 to 5 and > 5-
year follow-up, which is similar or higher than the rate reported in
prior studies in the field. Core laboratory analysis was not available
in the present study. In addition, MDCT studies were opportunistic
and without contrast injection, which precluded a more accurate
evaluation (vs TEE) of valve thrombosis. Furthermore, TEE and
MDCT studies were not systematically performed, and a potential
selection bias might have influenced the results related to these
imaging modalities. However, this was partially compensated by



A.N. Ferreira-Neto et al. /Rev Esp Cardiol. 2021;74(3):247-256 255

the fact that no major clinical differences were observed between
those patients with and without MDCT studies at follow-up (table
3 of the supplementary data). Finally, no data were available on
vasodilator medication at the time of echocardiography examina-
tion at follow-up.

CONCLUSIONS

A mild but significant gradual deterioration of THV hemody-
namics occurred throughout a 10-year follow-up period. This
translated into overall and clinically relevant SVD rates at 8-year
follow-up of about 30% and 9%, respectively, which appears
comparable to those reported in surgical series. Importantly, THV
stent frame geometry as determined by MDCT failed to impact
valve hemodynamic changes over time. Future studies with a
larger number of patients and even longer follow-up periods are
needed to further elucidate the incidence and factors associated
with SVD.

WHAT IS KNOWN ABOUT THE TOPIC?

- TAVR is an established treatment for severe symptom-
atic aortic stenosis patients at intermediate to high
surgical-risk.

- Its expansion to lower risk patients has rendered the
long-term durability of THV crucial.

- Currently, scarce and controversial information on the
long-term hemodynamics of THVs is available, and no
data exist on (i) the long-term impact of THV geometry
on valve durability and (ii) leaflet morphology/mobility
in SVD cases.

WHAT DOES THIS STUDY ADD?

- This study of 212 THV recipients revealed a significant
increase in mean gradient and a decrease in THV area
over time.

- At 8 years of follow-up, despite mild hemodynamic
deterioration, less than a third of patients developed
SVD (clinically relevant in < 10%); TEE revealed leaflet
thickening and reduced-mobility in most SVD THVs
evaluated and MDCT showed no impact of THV
geometry on valve hemodynamic changes and devel-
opment of SVD over time.

ACKNOWLEDGMENTS

J. Rodés-Cabau holds the Research Chair “Fondation Famille
Jacques Lariviére” for the Development of Structural Heart Disease
Interventions.

CONFLICTS OF INTEREST

P. Pibarot has Core Lab contracts with Edwards Lifesciences for
which he receives no direct compensation. J. Rodés-Cabau has
received institutional research grants from Edwards Lifesciences
and Medtronic. All other authors have reported that they have no
relationships relevant to the contents of this article to disclose.

APPENDIX. SUPPLEMENTARY DATA

Supplementary data associated with this article can be found in
the online version available at https://doi.org/10.1016/j.rec.2020.
02.002

REFERENCES

1. Baumgartner H, Falk V, Bax J], et al. 2017 ESC/EACTS Guidelines for the manage-
ment of valvular heart disease. Eur Heart J. 2017;38:2739-2791.

2. Nishimura RA, Otto CM, Bonow RO, et al. 2017 AHA/ACC Focused Update of the
2014 AHA/ACC Guideline for the Management of Patients With Valvular Heart
Disease: A Report of the American College of Cardiology/American Heart Associa-
tion Task Force on Clinical Practice Guidelines. Circulation. 2017;135:e1159-
e1195.

3. Mack MJ, Leon MB, Thourani VH, et al. Transcatheter Aortic-Valve Replacement with a
Balloon-Expandable Valve in Low-Risk Patients. N Engl ] Med. 2019;380:1695-1705.

4. Popma]J, Deeb GM, Yakubov SJ, et al. Transcatheter Aortic-Valve Replacement with
a Self-Expanding Valve in Low-Risk Patients. N Engl ] Med. 2019;380:1706-1715.

5. Salaun E, Clavel MA, Rodes-Cabau ], Pibarot P. Bioprosthetic aortic valve durability
in the era of transcatheter aortic valve implantation. Heart. 2018;104:1323-1332.

6. Foroutan F, Guyatt GH, Otto CM, et al. Structural valve deterioration after trans-
catheter aortic valve implantation. Heart. 2017;103:1899-1905.

7. Del Trigo M, Munoz-Garcia AJ, Wijeysundera HC, et al. Incidence Timing, and
Predictors of Valve Hemodynamic Deterioration After Transcatheter Aortic Valve
Replacement: Multicenter Registry. ] Am Coll Cardiol. 2016;67:644-655.

8. Panico RA, Giannini C, De Carlo M, et al. Long-term results and durability of the
CoreValve transcatheter aortic bioprosthesis: outcomes beyond five years. Euro-
Intervention. 2019;14:1639-1647.

9. Holy EW, Kebernik ], Abdelghani M, et al. Long-term durability and haemodynamic
performance of a self-expanding transcatheter heart valve beyond five years after
implantation: a prospective observational study applying the standardised definitions
of structural deterioration and valve failure. Eurolntervention. 2018;14:e390-e396.

10. Sondergaard L, Thlemann N, Capodanno D, et al. Durability of Transcatheter and
Surgical Bioprosthetic Aortic Valves in Patients at Lower Surgical Risk. ] Am Coll
Cardiol. 2019;73:546-553.

11. Eltchaninoff H, Durand E, Avinee G, et al. Assessment of structural valve deterio-
ration of transcatheter aortic bioprosthetic balloon-expandable valves using the
new European consensus definition. Eurolntervention. 2018;14:e264-e271.

12. Deutsch MA, Erlebach M, Burri M, et al. Beyond the 5-year horizon - long-term
outcome of high-risk and inoperable patients undergoing TAVR with first-genera-
tion devices. Eurolntervention. 2018;14:41-49.

13. Blackman D], Saraf S, MacCarthy PA, et al. Long-Term Durability of Transcatheter
Aortic Valve Prostheses. | Am Coll Cardiol. 2019;73:537-545.

14. XuanY, Krishnan K, Ye J, et al. Stent and leaflet stresses in a 26-mm first-generation
balloon-expandable transcatheter aortic valve. J Thorac Cardiovasc Surg.
2017;153:1065-1073.

15. Martin C, Sun W. Comparison of transcatheter aortic valve and surgical biopros-
thetic valve durability: A fatigue simulation study. ] Biomech. 2015;48:3026-3034.

16. Gunning PS, Saikrishnan N, Yoganathan AP, McNamara LM. Total ellipse of the
heart valve: the impact of eccentric stent distortion on the regional dynamic
deformation of pericardial tissue leaflets of a transcatheter aortic valve replace-
ment. J R Soc Interface. 2015;12:20150737.

17. Willson AB, Webb ]G, Gurvitch R, et al. Structural integrity of balloon-expandable
stents after transcatheter aortic valve replacement: assessment by multidetector
computed tomography. JACC Cardiovasc Interv. 2012;5:525-532.

18. Zoghbi WA, Chambers ]JB, Dumesnil ]G, et al. Recommendations for evaluation of
prosthetic valves with echocardiography and Doppler ultrasound: a report From
the American Society of Echocardiography’s Guidelines and Standards Committee
and the Task Force on Prosthetic Valves, developed in conjunction with the
American College of Cardiology Cardiovascular Imaging Committee, Cardiac Im-
aging Committee of the American Heart Association, the European Association of
Echocardiography, a registered branch of the European Society of Cardiology, the
Japanese Society of Echocardiography and the Canadian Society of Echocardiogra-
phy, endorsed by the American College of Cardiology Foundation, American Heart
Association, European Association of Echocardiography, a registered branch of the
European Society of Cardiology, the Japanese Society of Echocardiography, and
Canadian Society of Echocardiography. ] Am Soc Echocardiogr. 2009;22:975-
1014quiz 1082-1084.

19. Kappetein AP, Head SJ, Genereux P, et al. Updated standardized endpoint defini-
tions for transcatheter aortic valve implantation: the Valve Academic Research
Consortium-2 consensus document. ] Am Coll Cardiol. 2012;60:1438-1454.

20. Clavel MA, Rodés-Cabau ], Dumont E, et al. Validation and characterization of
transcatheter aortic valve effective orifice area measured by Doppler echocardi-
ography. JACC Cardiovasc Imaging. 2011;4:1053-1062.

21. Rodriguez-Gabella T, Voisine P, Dagenais F, et al. Long-Term Outcomes Following
Surgical Aortic Bioprosthesis Implantation. ] Am Coll Cardiol. 2018;71:1401-1412.

22. Rodriguez-Gabella T, Voisine P, Puri R, Pibarot P, Rodes-Cabau ]. Aortic Biopros-
thetic Valve Durability: Incidence, Mechanisms Predictors, and Management of
Surgical and Transcatheter Valve Degeneration. ] Am Coll Cardiol. 2017;70:1013-
1028.

23. Leipsic J, Gurvitch R, Labounty TM, et al. Multidetector computed tomography in
transcatheter aortic valve implantation. JACC Cardiovasc Imaging. 2011;4:416-429.


https://doi.org/10.1016/j.rec.2020.02.002
https://doi.org/10.1016/j.rec.2020.02.002
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0195
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0195
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0200
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0200
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0200
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0200
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0200
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0205
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0205
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0210
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0210
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0215
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0215
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0220
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0220
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0225
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0225
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0225
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0230
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0230
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0230
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0235
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0235
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0235
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0235
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0240
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0240
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0240
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0245
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0245
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0245
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0250
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0250
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0250
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0255
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0255
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0260
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0260
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0260
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0265
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0265
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0270
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0270
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0270
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0270
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0275
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0275
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0275
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0280
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0280
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0280
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0280
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0280
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0280
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0280
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0280
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0280
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0280
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0280
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0280
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0280
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0285
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0285
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0285
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0290
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0290
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0290
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0295
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0295
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0300
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0300
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0300
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0300
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0305
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0305

256

24,

25.

26.

27.

28.

29.

30.

31.

A.N. Ferreira-Neto et al./Rev Esp Cardiol. 2021;74(3):247-256

Tarantini G, Purita PAM, D’Onofrio A, et al. Long-term outcomes and prosthesis
performance after transcatheter aortic valve replacement: results of self-expand-
able and balloon-expandable transcatheter heart valves. Ann Cardiothorac Surg.
2017;6:473-483.

Kapadia SR, Leon MB, Makkar RR, et al. 5-year outcomes of transcatheter aortic
valve replacement compared with standard treatment for patients with inoperable
aortic stenosis (PARTNER 1): a randomised controlled trial. Lancet.
2015;385:2485-2491.

Rodes-Cabau J, Webb ]G, Cheung A, et al. Long-term outcomes after transcatheter
aortic valve implantation: insights on prognostic factors and valve durability from
the Canadian multicenter experience. ] Am Coll Cardiol. 2012;60:1864-1875.
Gulino S, Barbanti M, Deste W, et al. Four-year durability of clinical and haemo-
dynamic outcomes of transcatheter aortic valve implantation with the self-
expanding CoreValve. Eurolntervention. 2016;12:e1031-e1038.

Mack M], Leon MB, Smith CR, et al. 5-year outcomes of transcatheter aortic valve
replacement or surgical aortic valve replacement for high surgical risk patients
with aortic stenosis (PARTNER 1): a randomised controlled trial. Lancet.
2015;385:2477-2484.

Barbanti M, Petronio AS, Ettori F, et al. 5-Year Outcomes After Transcatheter Aortic Valve
Implantation With CoreValve Prosthesis. JACC Cardiovasc Interv. 2015;8:1084-1091.
Toggweiler S, Humphries KH, Lee M, et al. 5-year outcome after transcatheter
aortic valve implantation. | Am Coll Cardiol. 2013;61:413-419.

Dvir D. First look at long-term durability of transcatheter heart valves: assessment
of valve function up to 10 years. EuroPCR. 2016. Paris.

32.

33.

34,

35.

36.

37.

38.

Capodanno D, Petronio AS, Prendergast B, et al. Standardized definitions of
structural deterioration and valve failure in assessing long-term durability of
transcatheter and surgical aortic bioprosthetic valves: a consensus statement
from the European Association of Percutaneous Cardiovascular Interventions
(EAPCI) endorsed by the European Society of Cardiology (ESC) and the European
Association for Cardio-Thoracic Surgery (EACTS). Eur | Cardiothorac Surg.
2017;52:408-417.

Johnston DR, Soltesz EG, Vakil N, et al. Long-term durability of bioprosthetic aortic
valves: implications from 12,569 implants. Ann Thorac Surg. 2015;99:1239-1247.
Salaun E, Mahjoub H, Girerd N, et al. Rate, Timing Correlates, and Outcomes of
Hemodynamic Valve Deterioration After Bioprosthetic Surgical Aortic Valve Re-
placement. Circulation. 2018;138:971-985.

Delgado V, Ng AC, van de Veire NR, et al. Transcatheter aortic valve implantation:
role of multi-detector row computed tomography to evaluate prosthesis position-
ing and deployment in relation to valve function. Eur Heart J. 2010;31:1114-1123.
Sokalskis V, Muraru D, Fraccaro C, et al. Echocardiographic follow-up after trans-
catheter aortic valve replacement. Echocardiography. 2017;34:267-278.

Leetmaa T, Hansson NC, Leipsic ], et al. Early aortic transcatheter heart valve
thrombosis: diagnostic value of contrast-enhanced multidetector computed to-
mography. Circ Cardiovasc Interv. 2015;8:e001596.

Sellers SL, Turner CT, Sathananthan J, et al. Transcatheter Aortic Heart Valves:
Histological Analysis Providing Insight to Leaflet Thickening and Structural Valve
Degeneration. JACC Cardiovasc Imaging. 2019;12:135-145.


http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0310
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0310
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0310
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0310
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0315
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0315
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0315
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0315
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0320
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0320
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0320
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0325
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0325
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0325
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0330
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0330
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0330
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0330
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0335
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0335
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0340
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0340
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0345
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0345
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0350
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0350
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0350
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0350
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0350
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0350
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0350
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0355
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0355
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0360
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0360
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0360
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0365
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0365
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0365
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0370
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0370
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0375
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0375
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0375
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0380
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0380
http://refhub.elsevier.com/S1885-5857(20)30043-8/sbref0380

	Multimodality evaluation of transcatheter structural valve degeneration at long-term follow-up
	INTRODUCTION
	METHODS
	Echocardiographic assessment
	Multidetector computed tomography
	Statistical analysis

	RESULTS
	Transcatheter heart valve hemodynamic performance
	Incidence, characteristics and factors associated with structural valve degeneration
	Transesophageal echocardiography data
	MDCT post-TAVR

	DISCUSSION
	Limitations

	CONCLUSIONS
	WHAT IS KNOWN ABOUT THE TOPIC?
	WHAT DOES THIS STUDY ADD?

	Conflicts of Interest
	Acknowledgments
	APPENDIX. SUPPLEMENTARY DATA
	References


