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Background: The staging classification of aortic stenosis (AS) which characterises the extent of cardiac
oEErtE e damage has been validated in patients undergoing transcatheter aortic valve implantation (TAVI). Short-
o TAVI term changes in cardiac damage after TAVI and their association with long-term prognosis remain unknown.

Aims: This study aims to investigate the early evolution of cardiac damage after TAVI and the association

e transthoracic
echocardiogram

of residual cardiac damage with clinical outcomes in TAVI recipients.

Methods: AS patients undergoing TAVI were consecutively enrolled and classified into five stages of car-
diac damage (0-4). Early change in cardiac damage was defined as any change of stage at 30 days (Acardiac
damage between baseline pre-TAVI and 30 days post-TAVI).

Results: Within 30 days post-TAVI, the baseline cardiac damage stage had changed in 22.2% of 644
TAVI recipients, accompanied by improvements in the degree of dyspnoea and left ventricular ejec-
tion fraction (LVEF). Two-year mortality was associated with residual cardiac damage within 30 days
post-TAVI (hazard ratio [HR] 2.97, 95% confidence interval [CI]: 2.07-4.25; p<0.001). Compared to
unchanged cardiac damage post-TAVI, further cardiac damage within 30 days was associated with
a higher crude risk of 2-year mortality (HR 22.04, 95% CI: 9.87-49.20; p<0.001). Cardiac deteriora-
tion within 30 days post-TAVI was an independent risk factor for 2-year mortality (HR 19.564, 95% CI:
8.047-47.565; p<0.001).

Conclusions: This investigation provided insight into the early evolution of cardiac damage in TAVI recip-
ients and confirmed the predictive value of both residual and early changes in cardiac damage post-TAVI.

Cardiac deterioration within 30 days is associated with poor clinical prognosis.
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Abbreviations

AS aortic stenosis

AVR aortic valve replacement

CABG coronary artery bypass grafting

CD cardiac damage

CoPD chronic obstructive pulmonary disease
cTnl cardiac troponin I

eGFR estimated glomerular filtration rate

LA left atrial

Lv left ventricular

LVEDD left ventricular end-diastolic diameter

LVEF left ventricular ejection fraction

PARTNER Placement of AoRTic TraNscathetER Valve
PASP pulmonary artery systolic pressure

PCI percutaneous coronary intervention
RV right ventricular
SAVR surgical aortic valve replacement

TAPSE  tricuspid annular plane systolic excursion
TAVI transcatheter aortic valve implantation

Introduction

Transcatheter aortic valve implantation (TAVI) has brought in
a new era in the treatment of aortic stenosis (AS). It is now pre-
ferred over surgical aortic valve replacement (SAVR) in most
intermediate to high surgical risk patients'. Current guidelines
recommend risk stratification of AS patients undergoing TAVI
depending on aortic valve-related parameters and symptoms?’.
Despite the valvular factors in the pathophysiological process,
extra-valvular involvement results in structural and functional car-
diac damage (CD). The extent of cardiac damage, representing
the "total burden" of AS, involves the left ventricle (LV), the left
atrium (LA), the mitral and tricuspid valves, the pulmonary vascu-
lature, and the right ventricle (RV)*.

It is well accepted that the culprit for symptoms and adverse
events after aortic valve replacement (AVR) is not merely the
effects of the procedure, but also the cardiac function, general
status and comorbidity of the recipients. Recently, attempts have
been made to develop an AVR-specific risk stratification sys-
tem. Prognostic tools such as the traditional Society of Thoracic
Surgeons (STS) risk score mostly depend on general status and
comorbidity®. Still, current indications for risk stratification fol-
lowing TAVI have not incorporated a systematic assessment of the
extent of cardiac damage. Despite valve replacement therapy, irre-
versible myocardial damage has been associated with poor out-
comes in patients with severe AS undergoing AVR. Généreux et al
proposed a staging system to quantify the extent of cardiac dam-
age in AS patients based on data from the PARTNER (Placement
of AoRTic TraNscathetER Valves) Trials®. The prognostic value of
this staging classification has been validated in multiple cohorts of
Western AS patients’. These studies were all based on the extent of
cardiac damage before TAVI**!°. However, the influence of TAVI
on the stage of cardiac damage cannot be ignored. Up to now, too
little attention has been paid to the evolution of cardiac damage

after TAVI, not to mention its association with long-term progno-
sis in TAVI recipients.

Therefore, this study sought to investigate the short-term evolu-
tion of cardiac damage after TAVI and the association of residual
cardiac damage with long-term outcomes. We aimed to test the
hypothesis that post-TAVI residual cardiac damage is predictive of
outcomes in TAVI recipients.

Methods

STUDY POPULATION

For this study, we consecutively enrolled all patients >18 years
of age treated with TAVI at the Second Affiliated Hospital of
Zhejiang University. Patients with severe AS who underwent
TAVI at the same hospital were prospectively enrolled. Patients
with bicuspid aortic stenosis underwent TAVI using the Hangzhou
Solution, which has been described in detail elsewhere!'"'2. The
study was approved by the medical ethics committee of the
Second Affiliated Hospital of Zhejiang University and conducted
according to the principles of the Declaration of Helsinki. All
patients provided their written informed consent for TAVI and the
use of their anonymised data for research. Specifically, we evalu-
ated consecutive patients presenting at the enrolled medical centre
between 1 March 2013 and 1 March 2020. Study exclusion criteria
were as follows: (1) implantation of transcatheter or surgical pros-
theses in any position in the native cardiac valves before the TAVI
procedure (valve-in-valve procedures); (2) patients diagnosed with
pure aortic regurgitation; (3) incomplete or unavailable baseline
and post-TAVI data.

CARDIAC DAMAGE STAGING CLASSIFICATION

Comprehensive transthoracic echocardiograms were obtained
using a uniform image acquisition protocol. All individual
echocardiographic data were independently reviewed by two
cardiologists that were blinded to the clinical information and
outcome data. Using the staging classification system proposed
by Généreux et al®, we classified patients into the five stages
depending on the presence or absence of extra-valvular cardiac
damage as detected by transthoracic echocardiography: stage 0,
no other cardiac damage seen; stage 1, LV damage (left ventri-
cular ejection fraction [LVEF] <60%, LV mass index >95 g/m?for
women, >115 g/m? for men, or LV diastolic dysfunction >grade
II); stage 2, left atrium or mitral valve damage (presence of
enlarged left atrium or atrial fibrillation, or mitral regurgitation
[MR] >moderate); stage 3, pulmonary artery vasculature or tri-
cuspid valve damage or dysfunction (pulmonary artery systolic
pressure [PASP] >60 mmHg, or tricuspid regurgitation [TR]
>moderate); and stage 4, RV damage, as defined by the pres-
ence of moderate to severe RV dysfunction (tricuspid annular
plane systolic excursion [TAPSE] <16 mm). If patients met the
criteria for multiple stages, they were assigned to the highest
(worst) stage. Early change in cardiac damage was defined as
the evolution of cardiac damage stage at 30 days (Acardiac dam-
age between baseline and 30 days). Accordingly, patients were



further divided into three groups: improvement (improved by at
least 1 stage), no change, and deterioration (worsened by at least
1 stage).

DATA COLLECTION

Data collection included baseline characteristics, procedural data,
and predischarge outcomes. Baseline characteristics consisted of
clinical, laboratory, and echocardiographic data. Predischarge out-
comes were obtained from the local hospital database and were
rigorously assessed for quality. The primary clinical outcome
was all-cause mortality, defined according to the Valve Academic
Research Consortium-3 criteria'®. After patients were discharged,
clinical follow-up data were prospectively collected during sched-
uled outpatient clinic visits or direct telephone interviews. All data
were stored in the TORCH database using standard data manage-
ment, privacy, and security procedures.

STATISTICAL ANALYSIS

Continuous variables with normal and non-normal distributions
were presented as meanststandard deviations or medians and
interquartile ranges (IQR), respectively. Variable distributions
between the two groups were compared via the Student's t-test and
the Mann-Whitney U test, as appropriate. Categorical data were
presented as frequency (percentages) and were compared using the
chi-square or Fisher’s exact tests. A p-value <0.05 was considered
statistically significant. The p-values were from a 2-sided test. We
used multivariable logistic regression models to identify independ-
ent predictors of early cardiac damage within 30 days after TAVIL.

TAVI
candidate

TAVI
]

Excluded

Early changes in cardiac damage after TAVI

The candidate variables were selected a priori for inclusion in the
univariable models and then variates with p<0.05 were entered in
a multivariate logistic regression model to identify independent
factors of cardiac damage within 30 days. Two-year survival rates
after TAVI within each group are displayed using Kaplan-Meier
curves and the log-rank test was used for comparisons. For the
time-to-event analysis, we used the date of the TAVI procedure as
the starting point date. The unadjusted and adjusted mortality risks
at 2-year follow-up were estimated using Cox proportional haz-
ards regression models. Covariates for this analysis were selected
a priori based on their known association with the outcomes of
interest or clinical judgment; these were then selected for the mul-
tivariate analyses based on their statistical significance. In consid-
eration of the collinearity of pre- and post-TAVI cardiac damage,
we selected the post-TAVI residual cardiac damage in the multi-
variate Cox models.

All statistical analyses were performed using SPSS software
(version 22.0, IBM) and R statistical software (version 4.0.3, The
R Foundation for Statistical Computing). Figures were created
using GraphPad Prism software (version 6.0).

Results

BASELINE PATIENT CHARACTERISTICS

During the study period (1 March 2013 to 1 March 2020), 785 con-
secutive patients underwent TAVI at the Second Affiliated Hospital
of the Zhejiang University School of Medicine. The patient selec-
tion flowchart is shown in Figure 1. Patients were excluded due
to previously implanted transcatheter or surgical prostheses, pure

* Previously implanted transcatheter or
surgical prostheses (n=10)

Baseline
characteristic

Excluded

¢ Pure aortic regurgitation (n=13)
¢ Incomplete clinical data or echo data
for cardiac damage staging (n=98)

A 4

o Periprocedural mortality (n=12)

ECHO
endpoint

Clinical
endpoint

A 4

 Conversion to open heart surgery (n=38)

Figure 1. Flowchart of patient enrolment, including study inclusion and exclusion criteria. AS: aortic stenosis, ECHO: echocardiographic,

TAVI: transcatheter aortic valve implantation
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aortic regurgitation, and incomplete data. Therefore, a total of
644 patients were enrolled in the current study.

Baseline demographic and medical characteristics according
to different cardiac damage stages are illustrated in Table 1. The
included patients had a mean age of 75.8 years at baseline, and
58.1% were male. Participants were classified into five groups
(from O to 4) according to their baseline stage of cardiac damage.
The specific components of cardiac damage in each stage align
with previous studies' schemes®3. In general, older patients with
more advanced stages had higher STS scores. They were more
likely to have higher levels of N-terminal pro-B-type natriuretic
peptide (NT-proBNP), a higher prevalence of atrial fibrillation,
and severe cardiac symptoms (i.e., New York Heart Association
[NYHA] Class >3). There were also no between-group differences
in other concomitant diseases, including a history of dyslipidae-
mia, diabetes, chronic obstructive pulmonary disease (COPD),
percutaneous coronary intervention (PCI), coronary artery bypass
grafting (CABQG), and stroke.

Baseline echocardiographic data in individual groups of extra-
aortic involvement are presented in Supplementary Table 1. As

Table 1. Baseline demographic and medical characteristics.

expected, patients in the groups with advanced stages of car-
diac damage had a lower left ventricular ejection fraction, higher
pulmonary artery systolic pressure and tricuspid annular plane
systolic excursion indices, as well as a higher prevalence of signi-
ficant mitral and tricuspid regurgitation.

SHORT-TERM CLINICAL OUTCOMES FOLLOWING TAVI
Regarding the unbalanced distribution of the population across
the five groups, patients were conventionally regrouped into
groups of stage 0-1, stage 2, or stage 3-4. Figure 2 exhibits the
short-term clinical changes in degree of dyspnoea and LVEF
after TAVL

At baseline, a higher proportion of AS patients in the advanced
stage group (stage 3-4) suffered from NYHA Class IV symptoms
compared to patients with cardiac damage stage <2. Within 30 days
post-TAVI, all groups obtained symptomatic relief regarding their
NYHA Functional Class. As for left ventricular systolic function,
it was worst in the advanced stage group at baseline (p<0.001).
After the TAVI procedure, baseline left ventricular ejection frac-
tion improved significantly in the stage 2 and stage 3-4 groups.

Stage 0 Stage 1 Stage 2 Stage 3 Stage 4 ‘ p-value

N 18 (2.8%) 74 (11.5%) 427 (66.3%) 72 (11.2%) 53 (8.2%)
Age (y) 69.0 (66.2-71.5) 75.5 (70.2-80.0) 76.0 (70.0-80.0) 76.0 (72.0-81.0) 77.0(71.0-82.0) 0.039
Male 6 (33.3%) 39 (52.7%) 252 (59.0%) 42 (58.3%) 35 (66.0%) 0.139
BMI (kg/m?) 22.3 (20.4-23.7) 21.5(19.5-23.2) 23.3 (20.9-25.8) 21.7 (19.6-24.2) 22.0(19.2-24.6) | <0.001
STS 2.8(1.9-5.1) 5.1 (3.4-8.4) 4.4 (2.8-8.0) 5.9 (4.1-9.3) 8.3 (4.6-11.7) <0.001
Smoker 2(11.1%) 8 (10.8%) 83 (19.5%) 8 (11.1%) 10 (18.9%) 0.188
Dyslipidaemia 6 (33.3%) 9 (12.2%) 73 (17.1%) 16 (22.5%) 10 (18.9%) 0.211
Diabetes 2(11.1%) 21 (28.8%) 91 (21.3%) 14 (19.4%) 8 (15.1%) 0.295
Hypertension 9 (50.0%) 35 (47.3%) 251 (59.1%) 37 (561.4%) 19 (35.8%) 0.011
Atrial fibrillation 0 (0.0%) 0 (0%) 51 (11.9%) 30 (41.7%) 23 (43.4%) <0.001
COPD 1 (5.6%) 18 (24.3%) 100 (23.4%) 15 (20.8%) 13 (24.5%) 0.481
Previous PCI 1 (5.6%) 10 (13.5%) 50 (11.7%) 7 (9.7%) 7 (13.2%) 0.864
Prior CABG 0 (0.0%) 0 (0.0%) 1 (0.2%) 0 (0.0%) 1(1.9%) 0.304
Prior stroke 0 (0.0%) 3 (4.1%) 20 (4.7%) 3 (4.2%) 6 (11.3%) 0.217
NYHA 1 0 (0.0%) 0 (0.0%) 3 (0.7%) 0 (0.0%) 0 (0.0%)
Class I 5 (27.8%) 12 (16.2%) 77 (18.0%) 3 (4.2%) 4.(7.5%) 0,001

3 11 (61.1%) 39 (562.7%) 217 (50.8%) 39 (54.9%) 17 (32.1%)

4 2(11.1%) 23 (31.1%) 130 (30.4%) 29 (40.8%) 32 (60.4%)
NT-proBNP (pg/mL) 113.0 1,359.5 1,941.0 4,688.0 9,733.0 <0.001

(83.2-232.5) (306.0-2,753.2) (669.0-5,368.0) | (1,853.0-12,051.0) | (3,231.0-23,435.0)

cTnl (ng/ml) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.1) 0.0 (0.0-0.1) 0.728
CK-MB (U/L) 12.0 (9.2-15.0) 13.0 (9.0-17.0) 12.0 (9.0-15.0) 12.0(10.0-17.0) 13.0(10.5-17.0) 0.051
eGFR (ml/min) 66.8 (58.9-74.8) | 57.91 (54.0-61.8) | 59.19 (56.8-61.6) | 50.83 (43.0-58.6) | 45.59 (37.9-53.3) | 0.003
Albumin (g/L) 37.7 (36.9-40.0) 37.3 (35.2-40.1) 37.3(34.9-39.4) 36.0 (34.2-39.0) 35.3 (33.5-36.6) 0.573
Values are median (interquartile range), n (%), or mean SD. BMI: body mass index; CABG: coronary artery bypass grafting; CK-MB: creatine kinase MB
isoenzyme; COPD: chronic obstructive pulmonary disease; cTnl: cardiac troponin |; eGFR: estimated glomerular filtration rate; N: number;
NT-proBNP: N-terminal pro-B-type natriuretic peptide; NYHA: New York Heart Association; PCI: percutaneous coronary intervention; SD: standard
deviation; STS: Society of Thoracic Surgeons




Early changes in cardiac damage after TAVI

100 — p<0.01
. M NYHA Class | o s P<005 PR p<0On
-1 L

80 NYHA Class |1 ‘ - p<00
= NYHA Class 11| 2 & & \ 4
> o B NYHA Class IV < Y 9 J i
& 8 ' ¥ 1
S L [ = | +
g w0 W 0+ ,; | 1]
$

20 H
209 Pre-TAVI
Post-TAVI
0 - 0

Stage O Stage 1 Stage 2 Stage 3 Stage 4
Pre Post Pre Post Pre Post Pre Post Pre Post

Stage O Stage 1 Stage 2 Stage 3 Stage 4
Pre Post Pre Post Pre Post Pre Post Pre Post

Figure 2. Changes in NYHA Functional Class and LVEF from baseline to 30 days after TAVI. A) NYHA Functional Class (with various
colours representing different degrees of dyspnoea) and B) LVEF. LVEF': left ventricular ejection fraction;, NYHA: New York Heart

Association; TAVI: transcatheter aortic valve implantation

EVOLUTION OF CARDIAC DAMAGE FOLLOWING TAVI
Short-term changes in the cardiac damage stage for each group
using paired data are shown in Figure 3. The influence of the
TAVI procedure on the cardiac function of AS patients cannot be
underestimated, even in the short term. The cardiac damage stage
changed in 22.2% of TAVI recipients within 30 days post-TAVI.
As many as 19.9% of TAVI recipients obtained benefits in a rever-
sal of cardiac damage. Specifically, the number of patients in the
stage 0-1 group increased from 92 to 157, while the proportion
of the stage 3-4 group declined from 19.4% at baseline to 10.5%
within 30 days post-TAVI.

To understand the long-term evolution of cardiac function, we
investigated the longitudinal changes in the stages of cardiac dam-
age from baseline to 30 days and at 1 year after TAVI (Figure 3).
To guarantee the completeness of the investigation for an entire
year, we restricted the analytic cohort to living patients with echo-
cardiographic assessment at 1 year (n=612). The extent of cardiac
damage generally improved over time post-TAVI. In general, most

[ =18 (2.7%) (00 n=31 (4.8%) [0 =5 (6.5%)
1 n=74 (11.4%)

1 |n=127(197%) 1| n=117(18.1%)
2| n=427 (66.3%)

o | n=420(65.2%) 2 [n=410(63.6%)
3 | n=72(111%)

B 20— %lﬂﬁau(?ol:/i’)
-n=53(s.24) in:?ﬁ(d.ﬂ%) NA_[n=32(4.9%)

Baseline 30 days post-TAVI 1 year post-TAVI

Figure 3. Evolution of cardiac damage stage from baseline to

30 days and at 1 year after TAVI. The different colours denote the
different stages of cardiac damage. TAVI: transcatheter aortic valve
implantation

of the reversal of cardiac damage occurred within the first month
post-TAVI. In TAVI recipients with a baseline stage 3-4 (n=117),
59% of them saw early improvements in cardiac damage within
30 days after TAVI. In contrast, there were eighteen patients suf-
fering from early cardiac damage of cardiac damage post-TAVI in
the entire cohort.

The predictors of early cardiac deterioration post-TAVI are dis-
played in Supplementary Table 2. In univariate analysis, factors
including body mass index (BMI), COPD, estimated glomeru-
lar filtration rate (eGFR), left ventricular end-diastolic diameter
(LVEDD), post-TAVI acute kidney injury, and myocardial infarc-
tion were associated with early cardiac deterioration. After using
multivariate logistic regression analysis, a history of COPD
(odds ratio [OR] 4.33, 95% confidence interval [CI]: 1.55-12.14;
p=0.005) and perioperative myocardial infarction (OR 46.94, 95%
CI: 2.55-865.49; p=0.01) were independently associated with fur-
ther cardiac damage within 30 days post-TAVI.

PROGNOSTIC VALUE OF THE CARDIAC DAMAGE STAGING
SYSTEM

During a median follow-up period of 2 years after TAVI, a total of
43 (6.7%) deaths occurred in 644 TAVI recipients. As Figure 4A
illustrates, 2-year all-cause mortality gradually increased with
advancing stages of baseline cardiac damage (HR 1.59, 95%
CI: 1.10-2.30; p=0.014, for linear trend). In addition, the car-
diac damage stage 30 days post-TAVI showed a more significant
association with 2-year outcomes (HR 2.97, 95% CI: 2.07-4.25;
p<0.001) (Figure 4B). Figure 4C shows the relationship between
the early evolution of cardiac damage within 30 days post-TAVI
and 2-year all-cause mortality. As compared to patients with
unchanged cardiac damage, patients with cardiac deterioration
were associated with a higher crude risk of 2-year mortality (HR
22.04, 95% CI: 9.87-49.20; p<0.001). On the other hand, 2-year
outcomes were similar in those whose cardiac damage improved
or remained stable in the entire cohort (HR 1.13, 95% CI: 0.45-
2.85; p=0.80).
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within 30 days post-TAVI, with red representing deterioration, blue representing improvement, and yellow representing no change.

TAVI: transcatheter aortic valve implantation

Univariate and multivariate survival analyses for the total study
population are presented in Tahle 2. Age, STS score, a history
of COPD, atrial fibrillation at 30 days post-TAVI, cardiac dam-
age (per stage increase), and cardiac deterioration within 30 days
were associated with higher 2-year mortality rates in univariate
analyses. Following the multivariate adjustment, cardiac deteriora-
tion within 30 days post-TAVI was an independent risk factor for
2-year mortality (HR 19.564, 95% CI: 8.047-47.565; p<0.001). In
addition, the STS score was also related to prognosis (HR 1.059,
95% CI: 1.022-1.098; p=0.002).

Discussion

The study is the first to confirm the prognostic impact of both
residual and early changes in cardiac damage within 30 days
post-TAVI in a large, unselected, real-world cohort of TAVI
recipients. This preliminary investigation demonstrates the fol-
lowing findings: (1) the early evolution of cardiac damage and

resolution of symptoms shortly after TAVI; (2) the potential
reversal of cardiac damage after the TAVI procedure, especially
for patients with baseline stage 3-4; (3) a stepwise increase in
all-cause mortality for each increment in residual cardiac dam-
age stage; (4) early cardiac deterioration is associated with poor
clinical prognosis. On account of early changes in cardiac func-
tion post-TAVI, our results highlight the significance of the
reassessment of residual cardiac damage to enhance risk strati-

fication for TAVI recipients.

PREVALENCE AND PATHOGENESIS OF EXTRA-VALVULAR
CARDIAC DAMAGE IN AS

Prior studies have demonstrated a high prevalence of extra-valvu-
lar cardiac damage in severe AS patients, with reported rates rang-
ing from 51% to 60% for left ventricular hypertrophy, 8% to 51%
for atrial fibrillation, 13% to 20% for MR, 11% to 27% for TR,
10% to 36% for severe pulmonary hypertension, and 24% to 29%
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Table 2. Univariable and multivariable Cox proportional hazards analysis on 2-year survival for TAVI recipients.
Multivariable-adjusted 95% CI
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Age 1.089 1.031 1.15 0.02 1.059 0.996 1.125 0.066
Male 1.956 0.674 1.356 0.8

BMI 0.92 0.83 1.019 0.105

STS 1.069 1.04 1.099 <0.001 1.059 1.022 1.098 0.002
NYHA >Class 111 0.403 0.149 1.09 0.073

NT-proBNP (per 1000 pg/ml increase) 1.013 1.001 1.025 0.029 1.002 0.987 1.018 0.78
Smoker 1.286 0.427 3.874 0.655

Hypertension 1.823 0.693 4.796 0.224

Diabetes 1.1 0.476 2.539 0.824

Atrial fibrillation/flutter 2.974 1.463 6.044 0.003

COPD 2.234 1.11 4.494 0.024 1.631 0.752 3.536 0.215
LVEF 0.989 0.966 1.012 0.346

V max (m/sec) 0.75 0.5 1.125 0.165

MPG (mmHg) 0.986 0.966 1.005 0.152

AVA (m?) 1.67 0.474 5.886 0.425

CD stage at 30 days (per stage increase) 2.967 2.073 4.247 <0.001

Early deterioration of CD at 30 days 21.4 9.915 46.188 <0.001 19.564 8.047 47.565 <0.001
AVA: aortic valve area; BMI: body mass index; CD: cardiac damage; Cl: confidence interval; COPD: chronic obstructive pulmonary disease; HR: hazard
ratio; LVEF: left ventricular ejection fraction; MPG: mean pressure gradient; NT-proBNP: N-terminal pro-B-type natriuretic peptide; NYHA: New York
Heart Association; STS: Society of Thoracic Surgeons; TAVI: transcatheter aortice valve implantation; V max: peak aortic velocity

for RV dysfunction'*'*. The prevalence is generally in line with
our analytical cohort.

To some extent, structural and functional cardiac damage are
pathophysiological consequences of severe AS*. Due to the pro-
gressive chronic pressure overload, the LV myocardium makes
a compensatory concentric hypertrophic response to maintain car-
diac output and reduce wall stress. This initial adaptive change
leads to a deterioration of both LV systolic and diastolic func-
tion'®”. Gradually, elevated LV filling pressures may facilitate the
development of LA dilation, atrial fibrillation, and mitral regurgi-
tation. Further, the long-standing LA pressure overload will lead to
high pulmonary artery pressure, right atrial remodelling, tricuspid
regurgitation, and, ultimately, RV dysfunction'®!"”. Notably, indi-
vidual differences exist in myocardial susceptibility to pressure
or volume overload. These may lead to more advanced cardiac
damage despite a lower grade of valve disease severity®. Our pre-
liminary study found that patients with a history of COPD and
perioperative myocardial infarction were more likely to experi-
ence further cardiac damage within 30 days post-TAVI, suggesting
the significance of comprehensive management of concomitant
diseases in TAVI recipients.

PROGNOSTIC VALUE OF CARDIAC DAMAGE IN AS

Généreux et al proposed the first cardiac damage staging scheme,
demonstrating its prognostic value with ~45% increased mortal-
ity risk at 1 year for each stage increment in AS patients under-
going AVR®. Our findings confirmed the prognostic value of

this classification for TAVI recipients in the Chinese population.
Recently, Généreux et al further investigated the value of the
change in cardiac damage stage at 1 year, which was associated
with 2-year mortality (HR for improvement=0.49; no change=1.0;
worsening=1.95; p=0.023). Although this study included 1,974
patients at baseline, 854 patients were subsequently excluded due
to death and missing echocardiographic data. Additionally, the
finding was restricted to living patients with echocardiographic
assessment at one year, with the prognostic time frame from 1 year
to 2 years?!'. From a development point of view, we seemed to end
up at the same point, in that the extent and evolution of cardiac
damage post-AVR were more critical for AVR recipients com-
pared to the cardiac damage at baseline. By contrast, the major-
ity of patients in our study were consecutive TAVI recipients. We
reported the prognostic implications of the stage of 30-day post-
TAVI cardiac damage for the first time. Irrespective of the 1-year
outcome following TAVI, 30-day post-TAVI cardiac damage can
be leveraged to provide a 2-year prognostic value for TAVI recipi-
ents. Our findings focus on the post-AVR cardiac damage stage at
an earlier point in time and its association with a prognosis with
a longer time frame (over the next two years). Early detection of
irreversible cardiac damage is beneficial for earlier intervention,
adjunctive pharmacotherapy and better prognosis.

Recently, this novel approach has been validated in multiple
cohorts of AS patients with and without symptoms'#!>, These stud-
ies have noted that the prognostic value of the staging scheme is
independent of whether cardiac damage is caused by AS per se
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or by concomitant comorbidities. This analysis is consistent with
previous work, suggesting the importance of global cardiac health
in AS patients before the TAVI procedure. Multiple studies have
emphasised a significant adverse prognostic impact of pulmonary
artery vasculature or tricuspid valve damage and RV dysfunc-
tion in TAVI recipients?®?*. Notably, the prognostic implication
of a more advanced stage is independent of AS patients suffering

from other concomitant comorbidities.

EVOLUTION OF CARDIAC DAMAGE AFTER TAVI

Studies considering the evolution of extra-aortic cardiac injury
after a TAVI procedure are still limited. Previous studies have
demonstrated the concept of reversible myocardial remodelling
after the removal of a pathological insult following AVR!*1621 Tt
was suggested that left ventricular hypertrophy regressed by 20%
to 30% l-year post-AVR?. Nevertheless, the timeline is differ-
ent when it comes to the reversal of cardiac damage with various
forms of myocardial responses to afterload reduction.

The most interesting finding in our study is that most reversals
occurred in the short period of time following TAVI. Therefore,
30 days post-TAVI turns out to be a reasonable timepoint for echo-
cardiographic reassessment in TAVI recipients. In general, 22.2%
of TAVI recipients experienced cardiac damage stage changes
(mostly regressions) within 30 days post-TAVI.

Even more to the point, approximately one-half of the patients
with baseline stage 3-4 recovered significantly after TAVI. Overall,
the proportion of the stage 3-4 group declined from 19.4% (pre-
TAVI) to 10.5% (post-TAVI). Our observations were consistent
with a recent study suggesting that acute relief in obstruction to
LV ejection with TAVI was associated with improvements in RV
function and RV-pulmonary artery coupling®. This finding has
important implications because previous studies have long debated
whether an AVR intervention is favourable for patients with car-
diac damage stage 3-4. Based on our results, it is plausible that
patients with an advanced baseline stage may benefit immediately
from the TAVI intervention (Central illustration).

Eurolntervention
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A) NYHA Functional Class (with various colours representing the different degrees of dyspnoea); B) LVEF from baseline to 30 days after
TAVI; C) Evolution of cardiac damage stage from baseline to 30 days and at 1 year after TAVI; D) Kaplan-Meier estimates of all-cause
mortality. LVEF: left ventricular ejection fraction;, NYHA: New York Heart Association; TAVI: transcatheter aortic valve implantation
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Until now, very little was found in the literature on the prog-
nostic value of the residual and early changes in cardiac damage
for TAVI recipients. Of importance, our study is the first to dem-
onstrate an association between short-term residual cardiac dam-
age and long-term prognosis in TAVI recipients. According to our
results, two-year mortality was associated with residual cardiac
damage within 30 days post-TAVI (HR 2.97, 95% CI: 2.07-4.25;
p<0.001, for linear trend). Moreover, early cardiac deterioration
within 30 days post-TAVI was an independent risk factor for
2-year mortality (HR 8.747, 95% CI: 2.801-27.32; p<0.001).

CLINICAL IMPLICATIONS

First, the stage classification is easy to obtain and based on a mul-
tiparameter matrix approach. Integrating more sensitive indices
of cardiac dysfunction (speckle tracking imaging) and myocar-
dial structural changes (cardiac magnetic resonance) will further
refine the utility of the schemes?. Furthermore, the comprehen-
sive characterisation of AS implies the emphasis should be on the
disease, not just the valve. Our findings suggest the necessity of
reassessing cardiac function following TAVI. For TAVI recipi-
ents whose cardiac damage remains unpromising, closer surveil-
lance and earlier intervention for comorbidities may be beneficial.
Lastly, the concept of cardiac damage staging could extend to
other valvular heart diseases, including aortic regurgitation, mitral
regurgitation, and tricuspid regurgitation®.

Limitations

First, we acknowledge that our data comes from a single-cen-
tre, prospective, observational study. As a preliminary study, we
utilised a staging scheme based on a mainly Caucasian popula-
tion. It may not be sufficient to fully validate the accuracy of the
staging system because of inevitable bias and racial differences.
Secondly, concerns about the causality also deserve mention due
to the small sample size. Given the small number of events, results
from the multivariable adjustment should be interpreted with cau-
tion. At the same time, other unconsidered factors or concomi-
tant conditions might serve as confounders. Thirdly, the specificity
and sensitivity of the proposed staging classification remain to be
improved, because its criteria are mostly based on conventional
echocardiographic parameters. More evaluations are needed to
determine whether other imaging parameters and blood biomark-
ers could further improve the prognostic value. Finally, the under-
lying cause of worsening cardiac damage in a small portion of
TAVI recipients remains to be unravelled. The most likely culprits
are other conditions apart from AS (e.g., coronary artery disease,
hypertension, amyloidosis, new-onset atrial fibrillation). Further
prospective studies are warranted to determine predictors of early
deterioration of cardiac damage after TAVI.

Conclusions

Our preliminary study attempts to shed light on the early changes
in cardiac damage and confirm their prognostic value in TAVI
recipients. The extent of cardiac damage might regress after the

Early changes in cardiac damage after TAVI

TAVI procedure, especially for AS patients with baseline stage 3-4.
By contrast, cardiac deterioration within 30 days is associated with
poor clinical prognosis in an AS population following TAVI.

Impact on daily practice

The prognostic value of the cardiac damage staging system has
been validated in multiple cohorts of AS patients. However, no
evidence exists on short-term changes in cardiac damage post-
TAVI, let alone their association with long-term prognosis. This
investigation confirms the predictive value of both residual
and early change in cardiac damage post-TAVI. Notably, early
deterioration of cardiac damage is associated with poor clini-
cal prognosis in an AS population following TAVI. Our study
has important implications: it is necessary to reassess residual
cardiac damage within short periods after TAVI. It can be lever-
aged to gain long-term benefits for better risk stratification and
prognostication in AS patients undergoing TAVI.
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Supplementary data

Supplementary Table 1. Baseline echocardiographic data.

Stage 0 Stage 1 Stage 2 Stage 3 Stage 4 P-value

N 18 74 425 72 53
LVEF (%) 615 (43.1-74.1) 61.3(35.0-79.1) 59.8 (18.3-81.7) 53.9 (21.5-79.2)  34.2 (19.1-77.0) <0.001
PASP (mm Hg) 29.0 (23.0-38.0) 30.0 (18.0-50.0) 34.0 (0.0-87.0) 58.5 (23.0-106.0) 52.0 (24.0-95.0) <0.001
TAPSE (cm) 21(17-23)  20(15-27)  20(1152)  1.9(1.3-2.9) 15(1.1-49)  <0.001
V max (m/sec) 41(37-60)  50(36-7.2)  48(3.9-51)  4.8(3.6-6.4) 45(3.0-62)  0.426

Mean gradient (mm Hg) 37.5 (20.0-87.0) 59.0 (26.0-93.0) 52.0 (21-80.0)  52.5(25.0-95.0)  47.0 (20.0-83.0)  0.002

AVA (m?) 07(04-20)  06(0.2-1.0)  06(0.2-23) 0.6 (0.2-1.2) 05(0.2-1.2)  <0.001
AR <0.001
0 8 (44.4%) 26 (35.1%) 47 (11.1%) 9 (12.5%) 4 (7.5%)

1 6 (33.3%) 34 (45.9%) 180 (42.7%) 34 (47.2%) 25 (47.2%)

2 3 (16.7%) 12 (16.2%) 139 (32.9%) 18 (25.0%) 20 (37.7%)

3 1 (5.6%) 2 (2.7%) 56 (13.3%) 11 (15.3%) 4 (7.5%)

MS 0.429



18 (100.0%)
0 (0.0%)

0 (0.0%)

12 (66.7%)
6 (33.3%)
0 (0.0%)

0 (0.0%)

11 (61.1%)
7 (38.9%)
0 (0.0%)

0 (0.0%)

0 (0.0%)

72 (98.6%)
1 (1.4%)

0 (0.0%)

27 (36.5%)
45 (60.8%)
2 (2.7%)

0 (0.0%)

39 (52.7%)
35 (47.3%)
0 (0.0%)
0 (0.0%)

0 (0.0%)

394 (93.6%)
19 (4.5%)

8 (1.9%)

60 (14.2%)
269 (63.6%)
85 (20.1%)

9 (2.1%)

167 (39.5%)
238 (56.3%)
17 (4.0%)

0 (0.0%)

1 (0.2%)

64 (90.1%)
6 (8.5%)

1 (1.4%)

2 (2.8%)
35 (48.6%)
26 (36.1%)

9 (12.5%)

3 (4.2%)

23 (31.9%)
36 (50.0%)
10 (13.9%)

0 (0.0%)

50 (94.3%)
3 (5.7%)

0 (0.0%)

4 (7.5%)
22 (41.5%)
20 (37.7%)

7 (13.2%)

2 (3.8%)

19 (35.8%)
20 (37.7%)
12 (22.6%)

0 (0.0%)

<0.001

<0.001



Values are median (interquartile range), n (%), or mean SD.
AR= aortic regurgitation; AVA = aortic valve area; LVEF = left ventricular ejection fraction; MR = mitral regurgitation; MS = mitral stenosis; N = number;
PASP = pulmonary artery systolic pressure; TAPSE = tricuspid annular plane systolic excursion; TR = tricuspid regurgitation; V max = peak aortic velocity.



Supplementary Table2. Multivariable predictors cardiac deterioration within 30 days after TAVI.

Univariable 95% CI Multivariable-adjusted 95% ClI
Characteristic OR Lower limit  Upper limit P Value OR  Lowerlimit  Upperlimit P Value
Age (y) 1.028  0.958 1.103 0.441
Male 1.139  0.436 2.976 0.791
BMI (kg/m2) 0.835 0.718 0.972 0.02 0.863 0.724 1.028 0.099
STS (%) 1.052  0.995 1.113 0.076
NYHA > Class Il 1576  0.357 6.956 0.549
Hypertension 1.313  0.502 3.43 0.579
Diabetes 0.214  0.028 1.619 0.135
Atrial fibrillation 1976  0.689 5.663 0.205
COPD 4462 1728 11.523 0.002 4331 1.545 12.137 0.005
mz;g;gng(per 1000 pg/mi 1015  0.996 1.035 0.126
eGFR (ml/min) 0971  0.949 0.994 0.015 0.982 0.958 1.008 0.173
Hemoglobin(g/dL) 0995 0.971 1.019 0.673
LVEF (%) 1.013  0.975 1.052 0.514
LVEDD (cm) 1.034  1.002 1.068 0.037 1.031 0.995 1.067 0.089
V max (m/sec) 0.966  0.693 1.348 0.84
MPG (mm Hg) 1.004  0.989 1.019 0.609
AVA (m2) 0.164  0.013 2.009 0.157
New atrial fibrillation 3.094 0.673 14.224 0.147
>Mild PVL 2.176  0.481 9.853 0.313
Bleeding 0.652 0.241 1.768 0.401
Perioperative acute kidney injury 5817 1.211 27.942 0.028 4355 0.767 24.72 0.097
Perioperative myocardial infarction  36.294 2.178 604.884 0.012 46.943 2.546 865.491 0.01

Need for permanent pacemaker 1.728  0.487 6.131 0.397



Severe prosthesis-patient mismatch ~ 1.987  0.251 15.755 0.516

AVA = aortic valve area; BMI = body mass index; CD= cardiac damage; COPD = chronic obstructive pulmonary disease; eGFR = estimated glomerular
filtration rate; LVEDD =left ventricular end diastolic diameter; LVEF = left ventricular ejection fraction; MPG = mean pressure gradient; NT-proBNP = N-

terminal pro-B-type natriuretic peptide;NYHA = New York Heart Association; OR = odd ratio; PVL = perivalvular leakage; STS = Society of Thoracic
Surgeons; V max = peak aortic velocity.



