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Background: Recently, the Valve Academic Research Consortium (VARC)-3 criteria redefined biopros-
e gortic stenosis thetic valve dysfunction (BVD) after transcatheter aortic valve implantation (TAVI). However, the rate of
e elderly (>75 years) BVD is scarcely reported in current practice.
o TAVI Aims: We aimed to evaluate the rate and predictors of BVD after TAVI based on the VARC-3 criteria.

Methods: We retrospectively analysed patients who had undergone TAVI using single-centre data. BVD
was reported as exposure-adjusted event rates with a patient-year unit (per 100 patient-years). Predictors
of BVD after TAVI were analysed using Fine-Gray competing risk regression to account for the compet-
ing risk of death.

Results: Among 514 patients, the rate of BVD was 7.5 events per 100 patient-years (n=74) at a median
follow-up of 1.9 years. The main cause of BVD was moderate or severe prosthesis-patient mismatch (PPM;
n=59). The Fine-Gray model demonstrated that predilatation was associated with a lower rate of BVD,
mainly moderate or severe PPM (adjusted subdistribution hazard ratio [sub-HR] 0.42, 95% confidence
interval [CI]: 0.21-0.88). In a subgroup analysis, the patients with a small aortic annulus (area <400 mm? or
perimeter <72 mm) tended to benefit from predilatation (p for interaction=0.03). The same regression model
also demonstrated that a small balloon-expandable valve (BEV; <23 mm) was associated with a higher rate
of BVD (adjusted sub-HR 2.46, 95% CI: 1.38-4.38).

Conclusions: Our study suggested that the rate of BVD in patients undergoing TAVI is relatively low
at midterm follow-up. Predilatation, particularly in small annuli and small BEV might have an impact on

BVD, mainly caused by moderate or severe PPM, after TAVIL.
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Abbreviations
BVD bioprosthetic valve dysfunction

BVF bioprosthetic valve failure

HVD haemodynamic valve deterioration
NSVD  non-structural valve dysfunction

SVD structural valve dysfunction

TAVI transcatheter aortic valve implantation

VARC Valve Academic Research Consortium

Introduction

Since its first use, transcatheter aortic valve implantation (TAVI)
has become an established treatment for symptomatic aortic steno-
sis (AS) with broad clinical indications'. Along with the change in
candidates for TAVI from high- to low-risk patients, current clinical
practices should take into consideration the long-term management
of TAVI patients. Following from this, valve durability has become
an issue of concern, particularly in patients with a longer life expec-
tancy. Recently, the Valve Academic Research Consortium (VARC)-3
proposed an updated endpoint definition of aortic valve clinical
research including bioprosthetic valve dysfunction (BVD) and bio-
prosthetic valve failure (BVF). In the previous data, supra-annular
prostheses demonstrated an excellent haemodynamic performance
as compared to intra-annular prostheses in surgical and transcatheter
aortic valve replacement®’. Moreover, the data from the UK-TAVI
registry demonstrated that TAVI with predilatation was associated
with a decrease in valve dysfunction, although it was not confirmed
after multiple tests in the short-term follow-up data!®. Although it
has not been thoroughly studied so far, valve design and/or certain
procedural steps during TAVI may have an impact on valve dura-
bility. Therefore, we sought to evaluate whether the valve design
and procedural steps of TAVI may have an impact on BVD/BVF.

Methods

STUDY POPULATION

From January 2017 to December 2020, a total of 530 patients
underwent TAVI with balloon-expandable and self-expanding
valves at Teikyo University Hospital in Tokyo, Japan. TAVI was
performed via transfemoral or an alternative access based on pre-
procedural computed tomographic images and other imaging
modalities. Predilatation and post-dilatation were not mandatory
and were performed at the operator’s discretion. An echocardio-
graphic assessment was mandatory at baseline and predischarge.
At 1-year post-procedure, the echocardiographic assessment was
left to the discretion of the doctors who performed the follow-
up at the outpatient clinic. Survival status was checked through
medical records or telephone calls. Patients who did not undergo
post-procedural echocardiography, who were enrolled in a preclin-
ical trial of a premarket transcatheter heart valve, or who expe-
rienced in-hospital death were excluded from this analysis. The
study protocol was developed in accordance with the Declaration
of Helsinki and was approved by the ethics committee of our hos-
pital (TEIRIN 14-196). All patients gave informed consent before
participating in this study.

TAVI DEVICE AND PROCEDURE

Selection of a TAVI device, including a balloon-expandable valve
(SAPIEN 3; Edwards Lifesciences) or a self-expanding valve
(Evolut PRO; Medtronic), was done using multidetector computed
tomography (MDCT) images of the native aortic valve anatomy.
Device size was determined largely based on the annular measure-
ments from MDCT images. If the use of a contrast medium could
not be tolerated due to advanced chronic kidney disease, the annu-
lar measurement was performed using transoesophageal echocardio-
graphy. The annular and left ventricular outflow tract sizes were
measured based on the previous study!. The choice of predilata-
tion and/or post-dilatation was left to the operator. The operators
took the following situations into account when deciding whether
to perform predilatation: 1) severe calcification, 2) bicuspid valve,
3) very severe aortic stenosis, and 4) haemodynamically instable
cases. To avoid annulus rupture, the size of the predilatation balloon
did not exceed the short-axis diameter of the annulus, as measured
by MDCT or transoesophageal echocardiography, per our practice.

STUDY ENDPOINTS AND DEFINITIONS

The primary objective of this analysis was to investigate the rates
of BVD, haemodynamic valve deterioration (HVD), and BVF
according to the VARC-3 criteria’. In brief, the types of BVD were
categorised as follows: (a) structural valve deterioration (SVD),
indicating an intrinsic permanent change of the prosthetic valve;
(b) non-SVD, which includes a non-intrinsic abnormality of the
prosthetic valve resulting in valve dysfunction (e.g., prosthesis-
patient mismatch or paravalvular regurgitation); (c) clinically
significant thrombosis; and (d) endocarditis. Prosthesis-patient
mismatch and paravalvular regurgitation were also defined based
on the VARC-3 criteria’. For all patients with suspected clinical
valve thrombosis, MDCT was performed to confirm reduced leaf-
let motion and/or hypoattenuated leaflet thickening. Based on the
presence or absence of haemodynamic change, SVD was catego-
rised as HVD stage 1 (morphological valve deterioration without
haemodynamic change), HVD stage 2 (moderate haemodynamic
valve deterioration), or HVD stage 3 (severe haemodynamic valve
deterioration). As a patient-oriented clinical endpoint, the clini-
cal consequence of BVD was assessed as BVF and classified as
BVF stage 1 (any new-onset or worsening symptoms and signs of
pressure/volume overload), BVF stage 2 (valve reintervention), or
BVF stage 3 (severe haemodynamic deterioration).

STATISTICAL ANALYSIS

Continuous variables were assessed for normal distribution using
the Levene test and are presented as the median and interquartile
range (IQR; 25%-75%). Dichotomous variables are described as
numbers and percentages. The differences in the categorical vari-
ables between patients with BVD and those without BVD were
compared using the chi-square test or Fisher’s exact test. The dif-
ferences in the continuous variables between patients with BVD
and those without BVD were compared using the Student’s t-test or
the Mann-Whitney U test. Exposure-adjusted event rates of BVD,



HVD, and BVF were estimated by dividing the number of events
reported by the total follow-up time of the study population and
reported using a patient-year unit (per 100 patient-years), based on
the recommendation of the VARC-3 criteria’. To compare the expo-
sure-adjusted event rates between valve design (balloon-expand-
able vs self-expanding valve), a Poisson regression model was used,
with the number of events as the dependent variable and the log of
the exposure time as the offset. To estimate the predictors of BVD,
we used the Fine-Gray competing risk regression model to account
for the competing risk of death and generated subdistribution haz-
ard ratios (sub-HR). Cox regression analysis was also performed
to assess the consistency of our competing risk model. We calcu-
lated a crude unadjusted sub-HR using Fine-Gray competing risk
regression and then built a multivariate competing risk model that
included clinically significant factors. To assess whether the results
of the competing risk model were consistent across specific clinical
statuses, including small body surface area (<1.42 m?, defined as the
median), small annulus (defined as an annulus area <400 mm? or
perimeter <72 mm'?), and valve design (balloon-expandable vs self-
expanding valve), we performed a post hoc analysis with interac-
tion testing. Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS), version 25 (IBM) software.
The competing risk analysis was performed using Stata version 15.1
(Stata Corp). A p-value <0.05 was considered statistically significant.

Results

BASELINE CHARACTERISTICS

In this analysis, 514 patients were included after the exclusion of
ineligible patients (Figure 1). Baseline characteristics of the overall
population are shown in Table 1. The study population was mainly
composed of females with a relatively small body surface area, and
more than half of them had chronic kidney disease and hyperten-
sion. TAVI was performed via transfemoral access, and almost all
TAVI was done for native tricuspid aortic stenosis. Predilatation
before valve implantation was performed in nearly 40% of the pop-
ulation, and the rate of TAVI using a balloon-expandable valve was
higher than TAVI with a self-expanding valve.

| 530 patients underwent TAVI from January 2017 to December 2020 |

M» 11 cases: in-hospital death

v

| 519 patients underwent TAVI |

Exclusion .
————— 2 cases: Symetis valve

\ 4
| 517 patients underwent TAVI |

| _Exclusion 5 - ces:wio post-procedural TTE

A 4

| 514 patients underwent TAVI with post-procedural TTE |

Figure 1. Study population. TAVI: transcatheter aortic valve
implantation; TTE: transthoracic echocardiogram; w/o: without

Predictors of BVD after TAVI

Table 1. Patient characteristics and procedure index.

. All patients
Variable (n=514)
Age (years) 85 (81-88)
Male 158 (30.7%)

1.42 (1.31-1.56)
21.9 (19.6-24.7)
77 (15.2%)
398 (77.4%)
166 (32.3%)
227 (44.2%)
336 (65.4%)
193 (37.5%)
63 (12.3%)
109 (21.2%)
5.97 (4.11-8.59)

Body surface area (m?)

Body mass index (kg/m?)

Clinical frailty scale >5

Hypertension

Diabetes mellitus

Dyslipidaemia

Chronic kidney disease

History of coronary artery disease

History of stroke

Atrial fibrillation on anticoagulation
STS risk score
Preprocedural echocardiography

Peak velocity (m/sec)

4.35 (4.06-4.91)

Mean pressure gradient (mmHg) 44 (35-56)
Aortic valve area index (cm?/m?) 0.46 (0.37-0.56)
Left ventricular ejection fraction (%) 60 (49-64)

Computed tomographic findings
Bicuspid 21 (4.1%)

379 (339-429)
30.3 (28.2-32.4)
29.1 (27.3-31.0)

30.1 (28.2-32.2)

Annulus area (mm?)

Diameter of non-coronary cusp (mm)

Diameter of right coronary cusp (mm)

Diameter of left coronary cusp (mm)
Calcium volume (HU-850 threshold)

Total (mm?3)

229.1 (102.6-400.9)
106.1 (40.3-193.9)
47.9 (13.8-113.3)

40.3 (14.6-98.0)

Non-coronary cusp (mm3)

Right coronary cusp (mm3)

Left coronary cusp (mm3)

Procedural index

Transfemoral approach 488 (94.9%)

TAVI for failed prosthesis 11 (2.1%)
Non-contrast TAVI 43 (8.4%)
Predilation 228 (44.4%)
Post-dilation 18 (3.5%)

Balloon-expandable valve 290 (56.4%)

16 (3.1%)
176 (34.2%)
81 (15.8%)

17 (3.3%)

37 (7.2%)
123 (23.9%)
59 (11.5%)

5(1.0%)

Data are presented as median (25"-75" percentiles) or numbers
(percentages). HU: Hounsfield units; STS: Society of Thoracic Surgeons;
TAVI: transcatheter aortic valve implantation

Balloon-expandable valve 20 mm

Balloon-expandable valve 23 mm

Balloon-expandable valve 26 mm

Balloon-expandable valve 29 mm

Self-expanding valve 23 mm

Self-expanding valve 26 mm

Self-expanding valve 29 mm

Self-expanding valve 34 mm
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INCIDENCE OF BVD AND BVF

At a median follow-up of 1.9 (IQR 1.9-2.8) years (980.5 patient-
years), the rate of BVD was observed in 7.5 events per 100 patient-
years (n=74) (Central illustration). Of 74 BVD cases, non-structural
valve deterioration, mainly caused by moderate or severe PPM,
was observed in 6.3 events per 100 patient-years (n=62). The
other components of BVD, in decreasing order, were endocarditis
(n=7), SVD (n=3), and clinical valve thrombosis (n=2) (Tahle 2).
Progression to HVD from BVD occurred in 1.2 per 100 patient-
years (n=12), and most of them had HVD stage 2 (n=8). Further,
the rate of BVF during follow-up was 1.1 per 100 patient-years
(n=11). Stage 3 BVF occurred in one patient due to uncontrolled
infectious endocarditis. Stage 2 BVF occurred in two patients. In
one case, progression to very severe aortic stenosis at 4 years after
TAVI required valvuloplasty, whereas another patient with acute
decompensated heart failure due to endocarditis required surgical
valve replacement. The competing risk regression analysis demon-
strated that predilatation was associated with a lower rate of BVD
(adjusted sub-HR 0.42, 95% confidence interval [CI]: 0.21-0.88)
(Table 3). These results were consistent with the results of the Cox
regression analysis (Supplementary Table 1).

Because predilatation may reduce BVD after TAVI, we evalu-
ated further in order to identify the subgroup that might benefit
from predilatation. In the subgroup analysis, we found patients with
small aortic annuli were likely to benefit from predilatation, while
body surface area and differences in valve design did not affect the
relationship between predilatation and BVD after TAVI (Figure 2).

Asialntervention

Table 2. Exposure-adjusted event rate and incidence of BVD, HVD,

and BVF.

Bioprosthetic valve dysfunction
(BVD)

Exposure-adjusted
event rate

7.5/100
patient-years

No. of
events

Structural valve deterioration 0.3/100 patient-years 3
Non-structural valve deterioration | 6.3/100 patient-years 62
m%dn?;atzeh prosthesis-patient 5.2/100 patient-years 51
ﬁﬁzﬁqrztg]osthesis—patient 0.8/100 patient-years 8
Paravalvular regurgitation 0.3/100 patient-years
Clinical valve thrombosis 0.2/100 patient-years
mg&:ﬁ‘g“ated (el 0.2/100 patient-years | 2
Endocarditis 0.7/100 patient-years 7
Haem_odyr]amic EI] 1_.2/1 00 12
deterioration (HVD) patient-years
Stage 1 0.2/100 patient-years 2
Stage 2 0.8/100 patient-years
Stage 3 0.2/100 patient-years 2
Bioprosthetic valve failure (BVF) pa:i;ell/tl)?t?ars 11
Stage 1 0.8/100 patient-years 8
Stage 2 0.2/100 patient-years 2
Stage 3 0.1/100 patient-years

514 TAVI patients

¥

1.5 events/oo patient-years
over a median follow-up of 1.9 years

G s

Balloon-expandable valve <23 mm

CENTRAL ILLUSTRATION Exposure-adjusted incidence rates, details, and predictors of BVD.

Bioprosthetic valve dysfunction (BVD)

(Events /100 patient-years)
1

Details of BVD

Il Non-SVD (mainly PPM)

M Endocarditis
W SVD
Valve thrombosis

Protective factors

Predilatation

=)

(particularly if annulus area
<400 mm? or perimeter <72 mm)

PPM: prosthesis-patient mismatch; SVD: structural valve deterioration; TAVI: transcatheter aortic valve implantation
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Table 3. Fine-Gray competing risk regression analysis for predicting bioprosthetic valve dysfunction.

Unadjusted
Sub-HR (95% CI) | p-value
Age, years 0.98 (0.93-1.03) 0.38

Variahle

Adjusted (model 1)
Sub-HR (95% CI) | p-value
0.99 (0.95-1.05) 0.89

Adjusted (model 2)
Sub-HR (95% Cl) | p-value
0.99 (0.94-1.05) 0.80

Male 1.58 (0.98-2.57) 0.06

1.14 (0.58-2.23) 0.70 1.72 (0.86-3.42) 0.12

Body surface area, m? 4.93 (1.35-17.97) 0.02

2.19 (0.31-15.62) 0.43 2.65 (0.39-18.05) 0.32

Chronic kidney disease 1.21 (0.72-2.05) 0.46

Atrial fibrillation 1.30 (0.74-2.26) 0.36

Bicuspid 1.39 (0.56-3.40) 0.48

Calcium volume 0.99 (0.99-1.01) 0.77

Small annulus 0.69 (0.42-1.13) 0.14

TAVI for failed prosthesis 2.52 (0.79-8.06) 0.12

Predilatation 0.29 (0.16-0.53) <0.01

0.42 (0.21-0.88) 0.02 0.44 (0.23-0.82) <0.01

Small annulus without predilatation 1.74 (1.07-2.84) 0.03

Balloon-expandable valve (BEV) 2.95 (1.64-5.31) <0.01

1.67 (0.82-3.37) 0.16 = =

Valve size 23 mm or less 2.27 (1.38-3.73) <0.01

BEV 23 mm or less 2.41 (1.49-3.91) <0.01

2.46 (1.38-4.38) <0.01

Self-expanding valve 23 mm 0.79 (0.28-2.17) 0.64

Cl: confidence interval; sub-HR: subdistribution hazard ratio; TAVI: transcatheter aortic valve implantation

EXPOSURE-ADJUSTED EVENT RATES OF BVD ACCORDING
TO VALVE DESIGN AND SIZE

The rate of BVD was evaluated according to valve design. Of
512 patients, 290 patients underwent TAVI with balloon-expand-
able valves, and they were likely to have a higher rate of BVD
as compared to those with self-expanding valves (10.2 vs 4.0 per
100 patient-years; p<0.01). Among the components of BVD, the
rate of non-structural valve deterioration was significantly higher
in balloon-expandable valves than that of self-expanding valves
(8.6 vs 3.3 per 100 patient-years; p<0.01) (Supplementary Figure 1
and Supplementary Table 2). However, the rates of structural valve
deterioration, valve thrombosis, and endocarditis were comparable
between balloon-expandable and self-expanding valves (0.3 vs 0

per 100 patient-years, 0.2 vs 0.2 per 100 patient-years, 0.9 vs 0.5
per 100 patient-years, respectively). In evaluating the rate of BVD
according to prosthesis size, a small prosthesis size, particularly 23
mm or less, was associated with a higher rate of BVD (Figure 3).
Due to the difference in the effective orifice area of balloon-expand-
able valves and self-expanding valves, we further evaluated the
relationship between prosthesis size and the rate of BVD for each
valve design. As a result, the association between small prosthesis
sizes and high BVD rates was only observed in TAVI with small
balloon-expandable valves (<23 mm). The multivariate competing
risk regression analysis confirmed that TAVI with small balloon-
expandable valves (<23 mm) was significantly associated with high
rates of BVD (adjusted sub-HR 2.46, 95% CI: 1.38-4.38) (Table 3).

Sub-HR (35% Cl) pforinteraction

Unadjusted ——— 0.29(0.16-0.53)
Adjusted e 042 (0.21-0.88)
BSA <1.42 m? (median) l—'—i 0.41(0.17-1.01)
BSA>1.42 m (median) —— ws0i0s
e L L
(e 400 prinetr<72mm) > 016 006-047)
Self-expanding valve , - | 0.42(0.14-1.27)
Balloon-expandable valve l—'—'l 0.38(0.14-1.02)
T T | T 1
0.50 1.00 1.50 2.00

Favours predilatation

Figure 2. Impact of predilatation on BVD across specific clinical profiles. BSA: body surface area; BVD: bioprosthetic valve dysfunction;

CI: confidence interval; Sub-HR: adjusted subdistribution hazard ratio
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H 20 mm 23 mm
W26 mm M 29or34 mm

Events/100 patient-years

Overall Balloon-expandable valve  Self-expanding valve
(n=514) (n=290) (n=224)

Figure 3. Rate of BVD according to prosthesis size and valve design.
BVD: bioprosthetic valve dysfunction

Discussion

The main findings of the current analysis are as follows: 1) BVD
was observed in 7.5 events per 100 patient-years for the study
population, mainly driven by moderate or severe PPM; 2) the rate
of progression from BVD to haemodynamic deterioration and bio-
prosthetic valve failure was low, 3) predilatation and TAVI with
small balloon-expandable valves (<23 mm) might have an impact
on the rate of BVD, which is caused by high rates of moderate or
severe PPM. To our knowledge, this is the first report demonstrat-
ing the rate of BVD according to the recently updated criteria and
the clinical characteristics of BVD after TAVI using the latest-gen-
eration medical devices.

Although TAVI has a high procedural success rate and excel-
lent clinical outcomes at short-term follow-up, there is a lack
of data on long-term clinical outcomes, including the long-term
durability of the bioprosthetic valve. The durability of prosthetic
valves is influenced by several factors, including SVD, non-SVD
(PPM, paravalvular leakage, thrombosis, and endocarditis), and
TAVI-related factors (for example crimping, residual native annu-
lar calcification, asymmetric expansion), and it is very important
to understand how they mutually interact'>'*. Several guidelines
have advocated varying definitions of valve dysfunction to iden-
tify the clinical characteristics of BVD; however, they have not
reached a universal consensus'*'”. The VARC-3 recently proposed
updated endpoint definitions of BVD, HVD, and BVF, though the
incidence of BVD, according to the VARC-3 criteria, has not been
well assessed’. For this reason, this analysis sought to evaluate
the incidence and characteristics of BVD, based on the VARC-3
definition, in patients undergoing TAVI using the latest-generation
transcatheter aortic valves.

A distinguishing finding of our analysis is that the incidence
of BVD in patients undergoing TAVI with the latest-generation
prostheses was relatively low (6.7 events per 100 patient-years,
12.8%), mainly due to moderate or severe PPM after TAVI. The
incidence of PPM varies depending on the study population, and
indeed, the proportion of PPM after TAVI in Western countries is
almost double that of the Asian population'®!®, Though the prog-
nostic impact of PPM after TAVI on mortality or heart failure hos-
pitalisation differs among the study population, the presence of

PPM is not an irrelevant matter because it is related to acceler-
ated SVD due to altered valve haemodynamics and mechanical
stress?*2!. At this point, the prediction and prevention of PPM after
TAVI might be an issue of concern when we consider a patient’s
long-term care plan.

Interestingly, our analysis demonstrated that predilatation
reduced the rate of BVD, which was mainly due to moderate
or severe PPM, after TAVI. Continuous technical improvements
of TAVI have allowed operators to skip the systemic approach
using predilatation and a recent clinical trial has demonstrated
that TAVI without predilatation is associated with favourable
clinical results?>. However, because annular and leaflet calcifi-
cation of the native aortic annulus complex is not removed dur-
ing TAVI, unlike in surgical aortic valve replacement, the frame
of a prosthetic valve is likely to expand asymmetrically, result-
ing in SVD?. Therefore, predilatation might have a role in pre-
paring a foundation for preventing an under- or malexpansion
of the stent frame. Further, in subgroup analysis, the favour-
able impact of predilatation in reducing the rate of BVD was
likely to be observed in patients with small aortic annuli. Based
on a previous study demonstrating that a small aortic annulus
tends to generate a higher compressive force on the stent frame
of a transcatheter valve than a larger annulus, it may be poss-
ible that predilatation has the potential to achieve a larger acute
gain of aortic annulus diameter, which may result in larger effec-
tive orifice area after TAVI*. Moreover, the relationship between
small balloon-expandable valves and higher rates of BVD in
the current analysis was consistent with the result of a previous
study?. Though the valve selection should be based on not only
the aortic annuli but the aortic annulus complex and/or the clini-
cal situation, self-expanding valves might have priority, particu-
larly in small aortic annuli.

This analysis demonstrated that the rate of BVD after TAVI
using current medical devices was relatively low, and the perfor-
mance of predilatation was related to a lower risk of BVD caused
by moderate or severe PPM. Because the presence of BVD accel-
erates structural valve deterioration resulting in shortened valve
durability, we believed that the appropriate procedural steps,
including predilatation and appropriate valve selection, might be
important to achieve long-term valve durability. Based on our
results, an appropriate procedural algorithm for preventing BVD
should start with the assessment of small aortic annuli. If the
patient has a small aortic annulus, predilatation should be manda-
tory and a self-expanding valve might be preferable if the anatomy
is suitable. For larger annuli, the prosthesis size could be 26 mm
or larger, predilatation might be considered based on the ana-
tomy (i.e., severe calcification) and valve selection might not have
any impact on BVD. However, if the choice is between a 23 mm
balloon-expandable device or a 23-26 mm self-expanding device,
predilatation might be mandatory and the preferred prosthesis is
the self-expanding valve. Further study might be required to verify
an appropriate procedural algorithm for preventing BVD in cur-
rent TAVI practice.



Limitations

Our study had several limitations. First, since this was a retro-
spective analysis of a single-centre observational cohort, inherent
methodological limitations which generate bias might have been
involved. Second, the procedural steps, including predilatation,
and selection of the transcatheter heart valve were at the discretion
of the operators. Third, post-procedural CT was not mandatory,
and we could not report the rate of subclinical valve thrombosis
in this analysis. However, as subclinical valve thrombosis was
not associated with prognosis or bioprosthetic valve failure, this
analysis did not include subclinical leaflet thrombosis as a factor
of BVD. Fourth, the follow-up duration was not long enough to
determine the precise rate of HVD or BVF, because these events
may become more clinically relevant in the long-term. Fifth,
whether the presence of BVD at midterm follow-up has an impact
on valve-oriented and patient-oriented outcomes was not clear.
And sixth, due to the nature of observational studies, the result
of the subgroup analysis was inconclusive in identifying the ideal
population for whom predilatation should be performed before
valve implantation. Therefore, further research is required to select
the best candidates for predilatation in order to reduce BVD in
a randomised population.

Conclusions

Our study suggested that the rate of BVD in patients undergoing
TAVI with current medical devices is relatively low at midterm
follow-up. Predilatation might have a protective effect for pre-
venting moderate or severe PPM, which was the main contribu-
tor to BVD, whereas TAVI with small balloon-expandable valves
was a risk factor for BVD. Appropriate procedural steps, includ-
ing predilatation and/or appropriate prosthesis selection, to miti-
gate BVD are needed when considering the lifetime management
of the TAVI population, particularly for those patients with small

aortic annuli.

Impact on daily practice

The recent VARC-3 criteria redefined bioprosthetic valve
dysfunction (BVD); this should be taken into account when
considering valve durability after transcatheter aortic valve
implantation (TAVI). The current analysis showed that the rate
of BVD after TAVI using the latest transcatheter valves was rel-
atively low and most of the incidences of BVD were caused
by prosthesis-patient mismatch (PPM). Predilatation, particu-
larly in small aortic annuli, had a protective effect in prevent-
ing moderate or severe PPM, whereas small balloon-expandable
valves increased the risk of BVD, mainly moderate or severe
PPM. Though further follow-up is required to evaluate whether
BVD is associated with clinical outcomes, our results indicate
that following the appropriate procedural steps, including pre-
dilatation and appropriate valve selection, may reduce BVD,
mainly caused by PPM, after TAVI, particularly in patients with

small aortic annuli.

Predictors of BVD after TAVI

Conflict of interest statement

Y. Watanabe is a clinical proctor for Edwards Lifesciences and
Medtronic. The other authors have no conflicts of interest to
declare.

References

1. Leon MB, Smith CR, Mack M, Miller DC, Moses JW, Svensson LG, Tuzcu EM,
Webb JG, Fontana GP, Makkar RR, Brown DL, Block PC, Guyton RA, Pichard AD,
Bavaria JE, Herrmann HC, Douglas PS, Petersen JL, Akin JJ, Anderson WN, Wang D,
Pocock S; PARTNER Trial Investigators. Transcatheter aortic valve implantation for aor-
tic stenosis in patients who cannot undergo surgery. N Engl J Med. 2010;363:1597-607.
2.Leon MB, Smith CR, Mack MJ, Makkar RR, Svensson LG, Kodali SK, Thourani VH,
Tuzcu EM, Miller DC, Herrmann HC, Doshi D, Cohen DJ, Pichard AD, Kapadia S,
Dewey T, Babaliaros V, Szeto WY, Williams MR, Kereiakes D, Zajarias A, Greason KL,
Whisenant BK, Hodson RW, Moses JW, Trento A, Brown DL, Fearon WF, Pibarot P,
Hahn RT, Jaber WA, Anderson WN, Alu MC, Webb JG; PARTNER 2 Investigators.
Transcatheter or Surgical Aortic-Valve Replacement in Intermediate-Risk Patients.
N Engl J Med. 2016;374:1609-20.

3. Mack MJ, Leon MB, Thourani VH, Makkar R, Kodali SK, Russo M, Kapadia SR,
Malaisrie SC, Cohen DJ, Pibarot P, Leipsic J, Hahn RT, Blanke P, Williams MR,
McCabe JM, Brown DL, Babaliaros V, Goldman S, Szeto WY, Genereux P, Pershad A,
Pocock SJ, Alu MC, Webb JG, Smith CR; PARTNER 3 Investigators. Transcatheter
Aortic-Valve Replacement with Balloon-Expandable Valve in Low-Risk Patients.
N Engl J Med. 2019;380:1695-705.

4. Adams DH, Popma JJ, Reardon MIJ, Yakubov SJ, Coselli JS, Deeb GM, Gleason TG,
Buchbinder M, Hermiller J Jr, Kleiman NS, Chetcuti S, Heiser J, Merhi W, Zorn G, Tadros P,
Robinson N, Petrossian G, Hughes GC, Harrison JK, Conte J, Maini B, Mumtaz M,
Chenoweth S, Oh JK; U.S. CoreValve Clinical Investigators. Transcatheter aortic-valve
replacement with a self-expandable prothesis. N Engl J Med. 2014;370:1790-8.
5. Reardon MJ, Van Mieghem NM, Popma JJ, Kleiman NS, Sendergaard L, Mumtaz M,
Adams DH, Deeb GM, Maini B, Gada H, Chetcuti S, Gleason T, Heiser J, Lange R,
Merhi W, Oh JK, Olsen PS, Piazza N, Williams M, Windecker S, Yakubov SJ, Grube E,
Makkar R, Lee JS, Conte J, Vang E, Nguyen H, Chang Y, Mugglin AS, Serruys PW,
Kappetein AP; SURTAVI Investigators. Surgical or Transcatheter Aortic-Valve
Replacement in Intermediate-Risk Patients. N Engl J Med. 2017;376:1321-31.

6. Popma JJ, Deeb GM, Yakubov SJ, Mumtaz M, Gada H, O’Hair D, Bajwa T,
Heiser JC, Merhi W, Kleiman NS, Askew J, Sorajja P, Rovin J, Chetcuti SJ, Adams DH,
Teirstein PS, Zorn GJ 3rd, Forrest JK, Tchétché D, Resar J, Walton A, Piazza N,
Ramlawi B, Robinson N, Petrossian G, Gleason TG, Oh JK, Boulware MJ, Qiao H,
Mugglin AS, Reardon MJ; Evolut Low Risk Trial Investigators. Transcatheter Aortic-
Valve Replacement With a Self-Expandable Valve in Low-Risk Patients. N Engl
J Med. 2019;380:1706-15.

7. VARC-3 WRITING COMMITTEE; Généreux P, Piazza N, Alu MC, Nazif T,
Hahn RT, Pibarot P, Bax JJ, Leipsic JA, Blanke P, Blackstone EH, Finn MT, Kapadia S,
Linke A, Mack MJ, Makkar R, Mehran R, Popma JP, Reardon M, Rodes-Cabau J, Van
Mieghem NM, Webb JG, Cohen DJ, Leon MB. Valve Academic Research Consortium
3: Updated Endpoint Definitions for Aortic Valve Clinical Research. J Am Coll Cardiol.
2021;77:2717-46.

8. Kim SH, Kim HJ, Kim JB, Jung SH, Choo SJ, Chung CH, Lee JW. Supra-annular
versus intra-annular prostheses in aortic valve replacement; impact on haemodynamics
and clinical outcomes. Interact Cardiovasc Thorac Surg. 2019;28:58-64.

9. Schmidt S, Fortmeier V, Ludwig S, Wienemann H, Kérber MI, Lee S, Meertens M,
Macherey S, Iliadis C, Kuhn E, Eghbalzadeh K, Bleiziffer S, Baldus S, Schofer N,
Rudolph TK, Adam M, Mauri V. Hemodynamics of self-expandable versus balloon-
expandable transcatheter heart valves in relation to native aortic annulus anatomy. Clin
Res Cardiol. 2022;111:1336-47.

10. Martin GP, Sperrin M, Bagur R, de Belder MA, Buchan I, Gunning M, Ludman PF,
Mamas MA. Pre-Implantation Balloon Aortic Valvuloplasty and Clinical Outcomes
Following Transcatheter Aortic Valve Implantation: A Propensity Score Analysis of the
UK Registry. J Am Heart Assoc. 2017;6:¢004695.

11. Ng AC, Delgado V, van der Kley F, Shanks M, van de Veire NR, Bertini M,
Nucifora G, van Bommel RJ, Tops LF, de Weger A, Tavilla G, de Roos A, Kroft LJ,
Leung DY, Schuijf J, Schalij MJ, Bax JJ. Comparison of aortic root dimension and
geometries before and after transcatheter aortic valve implantation by 2- and 3-dimen-
sional transesophageal echocardiography and multislice computed tomography. Circ
Cardiovasc Imaging. 2010;3:94-102.

12. Regazzoli D, Chiarito M, Cannata F, Pagnesi M, Miura M, Ziviello F, Picci A,
Jeifart J, De Marco F, Bedogni F, Adamo M, Curello S, Teles R, Taramasso M,
Barbanti M, Tamburino C, Stefanini GG, Mangieri A, Giannini F, Pagnotta PA,
Maisano F, Kim WK, Van Mieghem NM, Colombo A, Reimers B, Latib A; TAVI-
SMALL Investigators. Transcatheter Self-Expandable Valve Implantation for Aortic
Stenosis in Small Aortic Annuli: The TAVI-SMALL Registry. JACC Cardiovasc
Interv. 2020;13:196-206.

>
@,
=
=
-~
@
=
<
@
=
=
o
=
N
o
N
w
O
=]
Iy
©
H




=
@,
=
=
-
(1]
=
<
(1]
=
=
o
=
N
o
N
w
©
©
T‘
©
H

13. Alavi SH, Groves EM, Kheradvar A. The effects of transcatheter aortic valve
crimping on pericardial leaflets. Ann Thorac Surg. 2014;97:1260-6.

14. Sun W, Li K, Sirois E. Simulated elliptical bioprosthetic valve deformation: impli-
cations for asymmetric transcatheter aortic valve deployment. J Biomech. 2010;43:
3085-90.

15. Capodanno D, Petronio AS, Prendergast B, Eltchaninoff H, Vahanian A, Modine T,
Lancellotti P, Sondergaard L, Ludman PF, Tamburino C, Piazza N, Hancock J, Mehilli J,
Byrne RA, Baumbach A, Kappetein AP, Windecker S, Bax J, Haude M. Standardized
definitions of structural deterioration and valve failure in assessing long-term durability
of transcatheter and surgical aortic bioprosthetic valve: a consensus document 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 J Cardiothorac Surg. 2017;52:408-17.

16. Lancellotti P, Pibarot P, Chambers J, Edvardsen T, Delgado V, Dulgheru R, Pepi M,
Cosyns B, Dweck MR, Garbi M, Magne J, Nieman K, Rosenhek R, Bernard A,
Lowenstein J, Vieira MLC, Rabischoffsky A, Vyhmeister RH, Zhou X, Zhang Y,
Zamorano JL, Habib G. Recommendations for the imaging assessment of prosthetic
heart valve: a report from the European Association of Cardiovascular Imaging
endorsed by the Chinese Society of Echocardiography, the Inter-American Society of
Echocardiography, and the Brazilian Department of Cardiovascular Imaging. Eur
Heart J Cardiovasc Imaging. 2016;17:589-90.

17. Kappetein AP, Head SJ, Généreux P, Piazza N, van Mieghem NM, Blackstone EH,
Brott TG, Cohen DJ, Cutlip DE, van Es GA, Hahn RT, Kirtane AJ, Krucoff MW,
Kodali S, Mack MJ, Mehran R, Rodés-Cabau J, Vranckx P, Webb JG, Windecker S,
Serruys PW, Leon MB; Valve Academic Research Consortium-2. Updated standard-
ized endpoint definitions for transcatheter aortic valve implantation: the Valve
Academic Research Consortium-2 consensus document. Eurolntervention. 2012;8:
782-95.

18. Miyasaka M, Tada N, Taguri M, Kato S, Enta Y, Otomo T, Hata M, Watanabe Y,
Naganuma T, Araki M, Yamanaka F, Shirai S, Ueno H, Mizutani K, Tabata M,
Higashimori A, Takagi K, Yamamoto M, Hayashida K; OCEAN-TAVI Investigators.
Clinical Impact of Prosthesis-Patient Mismatch Following Transcatheter Aortic Valve
Replacement in Asian Patients: The OCEAN-TAVI Registry. JACC Cardiovasc Interv.
2018;11:771-80.

19. Hermann HC, Daneshvar SA, Fonarow GC, Stebbins A, Vemulapalli S, Desai ND,
Malenka DJ, Thourani VH, Rymer J, Kosinski AS. Prosthesis-Patient Mismatch in
Patients Undergoing Transcatheter Aortic Valve Replacement: From the STS/ACC
TVT Registry. J Am Coll Cardiol. 2018;72:2701-11.

20. Flameng W, Herregods MC, Vercalsteren M, Herijgers P, Bogaerts K, Meuris B.
Prosthesis-patient mismatch predicts structural valve deterioration in bioprosthetic
heart valves. Circulation. 2010;121:2123-9.

21. Doris MK, Dweck MR. Is bioprosthetic leaflet thrombosis a trigger to valve degen-
eration? Heart. 2018;104:792-3.

22. Deharo P, Jaussaud N, Grisoli D, Camus O, Resseguier N, Breton HL, Auffret V,
Verhoye JP, Koning R, Lefevre T, Van Belle E, Eltchaninoff H, Gilard M, Leprince P,
Tung B, Lambert M, Collart F, Cuisset T. Impact of Direct Transcatheter Aortic Valve
Replacement Without Balloon Aortic Valvuloplasty on Procedural and Clinical
Outcomes: Insights From the FRANCE-TAVI Registry. JACC Cardiovasc Interv.
2018;11:1956-65.

23. Fukui M, Bapat VN, Garcia S, Dworak MW, Hashimoto G, Sato H, Gossl M,
Enrique-Sarano M, Lesser JR, Cavalcante JL, Sorajja P. Deformation of Transcatheter
Aortic Valve Prostheses: Implications for Hypoattenuating Leaflet Thickening and
Clinical Outcomes. Circulation. 2022;146:480-93.

24. Tzmatzis S, Viquerat J, Yap J, Mullen MJ, Burriesci G. Numerical analysis of the
radial force produced by the Medtronic-CoreValve and Edwards-SAPIEN after trans-
catheter aortic valve implantation (TAVI). Med Eng Phys. 2013;35:125-30.

25. Rogers T, Steinvil A, Gai J, Torguson R, Koifman E, Kiramijyan S, Negi S, Lee SY,
Okubagzi P, Satler LF, Ben-Dor I, Pichard AD, Waksman R. Choice of Balloon-
Expandable Versus Self-Expanding Transcatheter Aortic Valve Impacts Hemodynamics
Differently According to Aortic Annular Size. Am J Cardiol. 2017;119:900-4.

26. Hein M, Schoechlin S, Schulz U, Minners J, Breitbart P, Lehane C, Neumann FJ,
Ruile P. Long-Term Follow-Up of Hypoattenuated Leaflet Thickening After
Transcatheter Aortic Valve Replacement. JACC Cardiovasc Interv. 2022;15:1113-22.

Supplementary data

Supplementary Tahle 1. Cox regression analysis for predicting
bioprosthetic valve dysfunction.

Supplementary Table 2. Fine-Gray competing risk regression
analysis for predicting BVD according to valve design.
Supplementary Figure 1. Difference in rate of BVD according to
valve design.

The supplementary data are published online at:
https://www.asiaintervention.org/
doi/10.4244/A1J-D-22-00067




Supplementary data

Supplementary Table 1. Cox regression analysis for predicting bioprosthetic valve dysfunction.

Variable

Adjusted (model 1)

Adjusted (model 2)

HR (95% CI) p-value

HR (95% CI) p-value

Age, years-old

Male

Body surface area, /m?
Chronic kidney disease
Atrial fibrillation
Bicuspid

Calcium volume

Small annulus

TAVI for failed prosthesis

Predilatation

Unadjusted

HR (95% CI) p-value
0.98 (0.94-1.02) 0.28
1.67 (1.02-2.73) 0.04
549 (1.41-21.38) 0.01
1.29 (0.76-2.17) _ 0.35
1.31 (0.75-2.30)  0.35
1.76 (0.70-4.39) 0.23
0.99 (0.99-1.00) 0.31
0.69 (0.42-1.13) 0.14
2.57 (0.80-8.19) 0.11
0.29 (0.16-0.53) <0.01

0.99 (0.95-1.04) 0.87
1.11(0.59-2.11) 0.74

2.66 (0.41-17.29) 0.31

0.43(0.20-0.91)  0.03

0.99 (0.95-1.04) 0.85
1.63 (0.84-3.15) 0.15

3.32 (0.53-20.65) 0.20

0.47 (0.24-0.93)  0.03



Small annulus without predilatation
Balloon-expandable valve (BEV)
Valve size 23mm or less

BEV 23mm or less

Self-expandable valve 23mm

1.59 (0.95-2.64)
2.97 (1.65-5.36)
2.23 (1.35-3.68)
2.40 (1.47-3.91)

0.75 (0.27-2.51)

0.08

<0.01

<0.01

<0.01

0.57

1.67 (0.80-3.45)

0.17

2.41(1.33-4.37)

<0.01

Cl indicates confidence interval; sub-HR, subdistribution hazard ratio; TAVI, transcatheter aortic valve implantation.



Supplementary Table 2. Fine-Gray competing risk regression analysis for predicting BVD according to valve design.

Balloon-expandable valve

Self-expandable valve

Variable Unadjusted sub-HR (95% CI) p-value Unadjusted sub-HR (95% CI) p-value
Age, years-old 0.99 (0.95-1.05) 0.93 0.93 (0.84-1.04) 0.20
Male 1.37 (0.80-2.36) 0.25 1.68 (0.57-4.91) 0.35
Body surface area, /m? 4.69 (1.08-20.46) 0.04 1.15 (0.04-32.2) 0.93
Chronic kidney disease 1.80 (0.99-3.29) 0.06 0.51 (0.18-1.46) 0.21
Atrial fibrillation 1.53 (0.83-2.80) 0.17 1.71 (0.60-4.83) 0.31
Bicuspid 1.17 (0.38-3.60) 0.79 2.34 (0.53-10.38) 0.26
Small annulus 0.97 (0.56-1.66) 0.91 0.35(0.11-1.14) 0.08
TAVI for failed prosthesis - 6.34 (1.81-22.18) <0.01
Predilatation 0.38 (0.14-1.02) 0.06 0.42 (0.14-1.27) 0.13

Cl indicates confidence interval; sub-HR, subdistribution hazard ratio; TAVI, transcatheter aortic valve implantation.



Self-expandable valve (n = 224) Balloon-expandable valve (n = 290)

(422.4 patient-year) (558.2 patient-year)
BVD
(p <0.01)
0 SVD
Non-SVD
(p <0.01)
0.2 Valve thrombosis
0.5 Endocarditis
12 10 8 6 4 2 0 0 2 4 6 8 10
(/100 patient-years) (/100 patient-years)

Supplementary Figure 1. Difference in rate of BVD according to valve design.
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