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ABSTRACT

Introduction and objectives: There are scarce data on the factors associated with impaired functional
status after transcatheter aortic valve replacement (TAVR) and its clinical impact. This study aimed to
determine the incidence, predictors, and prognostic implications of impaired functional class
(NYHA class 1II-1V) following TAVR.
Methods: This multicenter study included 3462 transarterial TAVR patients receiving newer generation
devices. The patients were compared according to their NYHA class at 1 month of follow-up (NYHA I-Il vs
NYHA III-IV). A multivariate logistic regression was performed to identify the predictors of 30-day NYHA
class III-IV. Patient survival was compared with the Kaplan-Meier method and factors associated with
decreased survival were identified with Cox regression analysis.
Results: The mean age of the study population was 80.3 + 7.3 years, with 47% of women, and a median
Society of Thoracic Surgeons score of 3.8% [IQR, 2.5-5.8]. A total of 208 patients (6%) were in NYHA class III-IV
1 month after TAVR. Predictors of 30-day NYHA class III-IV were baseline NYHA class III-IV (OR, 1.76; 95%ClI,
1.08-2.89; P =.02), chronic pulmonary obstructive disease (OR, 1.80; 95%CI, 1.13-2.83; P=.01), and post-
TAVR severe mitral regurgitation (OR, 2.00; 95%CI, 1.21-3.31; P < .01). Patients in NYHA class III-IV 1 month
after TAVR were at higher risk of death (HR, 3.68; 95%Cl, 2.39-5.70; P < .01) and heart failure-related
hospitalization (HR, 6.00; 95%CI, 3.76-9.60; P < .01) at 1-year follow-up.
Conclusions: Up to 6% of contemporary TAVR patients exhibited an impaired functional status following
TAVR. Worse baseline NYHA class, chronic pulmonary obstructive disease, and severe mitral
regurgitation predicted 30-day NYHA class III/IV, and this determined a higher risk of mortality and
heart failure hospitalization at 1-year follow-up. Further studies on the prevention and treatment
optimization of patients with impaired functional status after TAVR are needed.

© 2023 Sociedad Espaiiola de Cardiologia. Published by Elsevier Espaiia, S.L.U. All rights reserved.
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Incidencia, predictores e impacto pronostico de una clase funcional disminuida
inmediatamente despues de un implante percutaneo de valvula aortica

RESUMEN

Introduccion y objetivos: Existen pocos datos acerca del impacto pronoéstico de una clase funcional NYHA
III-1V después del implante percutaneo de valvula adrtica (TAVI). El objetivo del estudio fue determinar la
incidencia, los predictores y las implicaciones pronosticas de una clase NYHA III-IV al mes del TAVI.
Meétodos: Estudio multicéntrico que incluyé a 3.462 pacientes sometidos a TAVI que recibieron
dispositivos de nueva generacion. Se compararon pacientes en clase funcional NYHA I-II frente a
pacientes en clase NYHA III-IV al mes de seguimiento. Los predictores de clase NYHA III-IV a un mes se
identificaron mediante regresion logistica multivariante. La supervivencia se evaluo con el método de
Kaplan-Meier y los factores asociados a peor prondstico se identificaron mediante la regresién de Cox.
Resultados: La edad media de la poblacion de estudio era de 80,3 + 7,3 aflos, con el 47% de mujeres y un
valor mediano en la escala de la Society of Thoracic Surgeons del 3,8% [IQR, 2,5-5,8]). Un total de 208 pacientes
(6%) presentaron NYHA III-1V al mes del TAVI. Los predictores de NYHA III-IV al mes fueron: NYHA basal IlI-IV
(OR =1,76; 1C95%, 1,08-2,89; p = 0,02), enfermedad pulmonar obstructiva cronica (OR = 1,80; 1C95%, 1,13-
2,83; p=0,01) e insuficiencia mitral severa post-TAVI (OR = 2,00; 1C95%, 1,21-3,31; p < 0,01). Los pacientes
en NYHA III-IV al mes del TAVI tenian un mayor riesgo de muerte (HR = 3,68; 1C95%, 2,39-5,70; p < 0,01) y
hospitalizacion por insuficiencia cardiaca (HR = 6,00; IC95%, 3,76-9,60; p < 0,01) durante el afio que sigui6 al
TAVL

Conclusiones: El 6% de los pacientes presentaban un estado funcional deteriorado después del TAVI. Una
peor clase NYHA basal, la enfermedad pulmonar obstructiva crénica y la insuficiencia mitral severa se
asociaron a un mayor riesgo de presentar NYHA III-1V a los 30 dias, lo que determiné un mayor riesgo de
muerte y hospitalizacién por insuficiencia cardiaca al afio de seguimiento. Se necesitan mas estudios
sobre la prevencion y optimizacion del tratamiento de pacientes con deterioro del estado funcional
después del TAVI.

© 2023 Sociedad Espafiola de Cardiologia. Publicado por Elsevier Espaiia, S.L.U. Todos los derechos reservados.

Abbreviations

HF: heart failure
MR: mitral regurgitation

COPD: chronic obstructive pulmonary disease

NYHA: New York Heart Association
TAVR: transcatheter aortic valve replacement

a poorer prognosis.®~® However, earlier detection of suboptimal
functional improvement following TAVR would be important to
identify the potential causes and implement measures for
improving clinical outcomes. The objectives of our study were
to evaluate the incidence, predictors, and clinical impact of
impaired functional class early (30 days) after TAVR.

METHODS

INTRODUCTION

Study population

This was a multinational, multicenter, observational nonpre-
specified retrospective analysis of prospectively collected data. A

Transcatheter aortic valve replacement (TAVR) has become a
well-established alternative for treating severe symptomatic aortic
stenosis (AS), regardless of surgical risk.? Several randomized
clinical trials have consistently shown enhanced survival, quality
of life, and functional class following TAVR.>*

The third Valve Academic Research Consortium consensus
definition for general outcome from the patient perspective
requires a New York Heart Association (NYHA) class <1l at 1 year
of follow-up for outcome to be described as favorable.
Conversely, NYHA class IlIl and IV define an acceptable and
unfavorable outcome, respectively.® Futility, defined as a lack of
medical efficacy (improvement of symptoms) or meaningfully
improved survival (1 year), is a matter of concern in the field of
transcatheter valve interventions,? especially among the highest-
risk patients whose prognosis is influenced by older age and high
comorbidity burden. Therefore, an appropriate preprocedural
risk assessment is recommended for all patients undergoing
TAVR.'?

Lack of clinical improvement at 1 year of follow-up is present in
more than 10% of patients undergoing TAVR and is associated with

total of 4643 patients from 11 centers from Canada, France, Italy,
and Spain who underwent TAVR between 2014 and 2022 were
screened for inclusion in the study. Patients who died within the
first 30 days after TAVR, those whose length of stay after the
procedure was > 30 days, and those undergoing a transapical or
transaortic approach were excluded from the analysis
(435 patients, 9%). In 746 (16%) patients, NYHA class at 1 month
of follow-up had not been recorded and they were therefore
excluded from the analysis. Discharged patients rehospitalized for
heart failure (HF) within the first month after TAVR were classified
as NYHA class IV.

Each local heart team assessed the indications for TAVR, device
type, and procedural approach based on an extensive clinical and
anatomical preoperative assessment. The transfemoral approach
was used by default, and alternative transarterial (transcarotid,
transsubclavian/axillary) access was reserved for patients with
unfavorable iliofemoral anatomy. This study was conducted
according to the ethics committee of each participating center,
and all patients provided signed informed consent for the
procedures.
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Data collection

Baseline, procedural, and follow-up data were prospectively
collected in each dedicated local TAVR database. The patients’ pre-
TAVR work-up and subsequent follow-up were performed
according to local protocols. Information on NYHA class at 30 days
was required for inclusion in this study. The patients’ vital status
was updated after each medical contact with recording of the date
of the last contact for each patient.

Statistical analysis

Continuous variables are expressed as mean =+ standard devia-
tion or median [Q1-Q3] according to the normality of data
distribution assessed with the Shapiro-Wilk test. Categorical vari-
ables are expressed as number (%). The chi-square test or Fisher exact
test were used to compare categorical variables. The Student ¢ test or
the Mann-Whitney U test were used to compare continuous variables.
Factors associated with 1-month NYHA class III-IV were identified
using logistic regression analysis. The variables to be analyzed were
chosen based on previous causal knowledge and their association was
assessed with univariable logistic regression analysis. Variables
showing an association (P <.10) in the univariable analysis were
included in the multivariable model.

For 1-year survival analysis, the Kaplan-Meier method was used
to obtain event curves. The difference between the probability of
event occurrence was assessed with the log-rank test. A Cox
proportional hazards regression analysis was performed to
evaluate the impact of 1-month NYHA class III-IV on mortality
and HF hospitalization at 1-year follow-up. Models were adjusted
for baseline confounders based on prior causal knowledge. A 2-
sided P < .05 was considered significant for all statistical tests. All
data were analyzed using the statistical package STATA version
15.0 (StataCorp LP, College Station, United States).

RESULTS

A total of 3462 patients (80.3 & 7.3 years; 47% female) were
included in the analysis. The median STS and EuroSCORE Il were 3.8

[2.5-5.8]% and 4 [2.3-7.2]%, respectively. Among them,
2765 patients (80%), showed an improvement of at least 1 degree
in their NYHA functional class; 611 patients (18%) reported no
change; and 86 (2%) showed a deterioration. Regarding the
classification in class I-II or III-IV, 1798 patients (52%) showed an
improvement from NYHA III-IV to NYHA I-II; 1616 (47%) remained
in the same group (90% I-Il and 10% IlI-1V); and 48 (1%) showed a
deterioration of their clinical status from NYHA I-II to NYHA III-IV
(figure 1, table 1 of the supplementary data). Table 1 summarizes
the baseline clinical and echocardiographic characteristics of the
study population according to the NYHA class (I-II vs III-IV) at
1 month of follow-up.

Prevalence of NYHA class III-IV and baseline characteristics

At 1 month of follow-up, 208 patients (6%) were classified as
NYHA class III-IV. Of them, 160 (77%) showed advanced NYHA class
(Ill or IV) before TAVR (4 of them required hospitalization due to HF
within the first month after TAVR); 31 (15%) showed a deteriora-
tion in their clinical status without HF hospitalization in the first
month; and 17 (8%) showed a decline with HF hospitalization
within the first month of follow-up.

Patients with worse functional class after TAVR were similar in
age and sex distribution to those in NYHA class I-II. However,
patients in NYHA class IlI-IV showed a higher burden of
comorbidities such as hypertension (93% vs 85%, P < .01), atrial
fibrillation (43% vs 33%, P < .01), and COPD (38% vs 25%, P < .01).
Consistently, these patients had a worse risk profile according to
STS score (4.2 [2.8 -6.7]% vs 3.8 [2.5-5.8]%; P < .01) and EuroSCORE
I (5.1 [2.6-8.7]% vs 4.0 [2.2-7.1]%; P < .01).

NYHA class III-IV patients had lower left ventricular
ejection fraction (LVEF) (53.3 + 14.4% vs 55.9 + 12.9%; P < .01),
with a higher proportion of patients with reduced LVEF (LVEF
< 40%: 23% vs 15%; P < .01), and lower peak and mean transaortic
gradients (peak: 68.5 & 24.1 mmHg vs 76.7 + 24.4 mmHg; P < .01;
mean: 41.7 +£15.6 mmHg vs 46.7 + 15.9 mmHg; P < .01). Conse-
quently, the rate of low-gradient AS was higher among
patients with NYHA class III-IV at 30-day follow-up (42% vs
30%; P<.01).

A B
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Figure 1. Changes in New York Heart Association (NYHA) class from baseline to 1 month of follow-up. A: change from stage (NYHA I-IV). Improvement:
2765 patients (80%); no change 611 patients (18%); worsening: 86 patients (2%). B: change from group (NYHA I-II vs III-IV). Improvement: 1798 patients (52%); no

change: 1616 patients (47%); worsening: 48 (1%) patients.



J. Nuche et al./Rev Esp Cardiol. 2024;77(5):396-407 399

Table 1
Baseline characteristics
Total I-11 -1V P
N=3462 n=3254 n=208
Age, y 80.3 (7.3) 80.3 (7.3) 80.0 (7.3) .62
Female sex 1617 (47) 1527 (47) 90 (43) 31
Hypertension 2950 (85) 2757 (85) 193 (93) <.01
Diabetes mellitus 1205 (35) 1124 (35) 81 (39) 23
Body mass index, kg/m? 27.7 (5.5) 27.7 (5.4) 28.4 (6.6) .06
Baseline NYHA class <.01
1 110 (3) 108 (3) 2(1)
1l 1395 (40) 1349 (41) 46 (22)
11 1555 (45) 1440 (44) 115 (55)
v 402 (12) 357 (11) 45 (22)
Coronary artery disease 1428 (41) 1333 (41) 95 (46) .19
Previous PCI 1056 (32) 992 (32) 64 (33) 74
Previous CABG 427 (13) 402 (13) 25 (13) .99
Atrial fibrillation 1163 (34) 1075 (33) 88 (43) <.01
Pacemaker 393 (11) 361 (11) 32 (15) .06
Chronic kidney disease 1880 (54) 1763 (54) 117 (56) .58
COPD 903 (26) 824 (25) 79 (38) <.01
Stroke/TIA 335 (10) 310 (10) 25 (13) .18
Peripheral artery disease 710 (21) 645 (21) 65 (32) <.01
EuroSCORE II 4.0 [2.3-7.2] 4.0 [2.2-7.1] 5.1 [2.6-8.7] <.01
STS-PROM score 3.8 [2.5-5.8] 3.8 [2.5-5.8] 4.2 [2.8-6.7] <.01
Echocardiographic assessment
LVEF 55.7 (13.0) 55.9 (12.9) 53.3(144) <.01
LVEF <40 517 (15) 471 (15) 46 (23) <.01
Aortic valve area, cm? 0.7 [0.6-0.8] 0.7 [0.6-0.8] 0.7 [0.6-0.8] .96
Aortic peak gradient, mmHg 76.2 (24.5) 76.7 (24.4) 68.5 (24.1) <.01
Aortic mean gradient, mmHg 46.4 (16.0) 46.7 (15.9) 41.7 (15.6) <.01
Calcium score, Agatston 2277 2316 1611 <.01
[1421-3321] [1493-3341] [1147-2620]
Low-flow low-gradient aortic stenosis 1057 (31) 972 (30) 82 (42) <.01

CABG, coronary artery bypass grafting; COPD, chronic pulmonary obstructive disease; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; PCI,

percutaneous coronary intervention; TIA, transient ischemic attack.

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

Procedural characteristics and early outcomes

Table 2 summarizes the procedural-related characteristics, in-
hospital complications, and postprocedural echocardiogram
results.

The transfemoral approach was used in 90% of patients, with a
higher rate of a nontransfemoral approach in patients with 1-
month NYHA class III-IV (19% vs 9%; P <.01). NYHA class III-IV
patients less often had valve predilatation during the procedure
(23% vs 36%; P<.01). The groups did not differ in any other
procedural-related characteristic or the type and size of the
implanted valve. The rate of procedural and in-hospital complica-
tions was similar between the 2 groups.

In the postprocedural echocardiogram, the mean indexed
effective orifice area and mean aortic gradient were 1.0 +0.3
cm?/m? and 11.1+6.1 mmHg, respectively, with no differences
between groups. Conversely, patients with 1-month NYHA class III-IV
had a lower LVEF and a higher rate of LVEF < 40% (19% vs 13%; P < .01);
a higher rate of severe mitral regurgitation (21% vs 8%; P < .01); higher
pulmonary artery systolic pressure (41.2+13.7 mmHg vs
37.1 £12.2 mmHg; P <.01); and a higher rate of severe pulmonary
hypertension (15% vs 8%; P < .01) (figure 2, table 2).

Predictors of 1-month NYHA class III-IV

The results of the univariable logistic regression analysis are
described in the table 2 of the supplementary data. Figure 3 shows
the results of the multivariable analysis performed to determine
the predictors of 1-month impaired functional status. In the
multivariable analysis, NYHA III-IV before TAVR was associated
with a higher risk of having advanced NYHA class at 1-month
follow-up (OR, 1.76; 95%CI, 1.08-2.89; P =.02). A history of COPD
(OR, 1.80; 95%CI, 1.13-2.83; P=.01) and the presence of severe
mitral regurgitation in the echo performed after the procedure (OR,
2.00; 95%CI, 1.21-3.31; P < .01) were also independent predictors
of impaired NYHA class at 1-month follow-up.

A subanalysis of the factors associated with NYHA class III-IV at
the 30-day follow-up was performed including only patients
without previous COPD. In this subpopulation, postprocedural
severe mitral regurgitation (OR, 2.24; 95%CI, 1.22-4.10); P < .01)
and new-onset atrial fibrillation (OR, 3.08; 95%Cl; 1.38-6.87;
P < .01) independently predicted the presence of NYHA class III-IV
at 30 days, while baseline NYHA class IlI-IV was no longer a
predictor of 30-day NYHA class III-1V (table 3 of the supplementary
data).
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Table 2
Procedural-related characteristics, echocardiographic assessment, and treatment at discharge
Total I-1I -1V P
N=3462 n=3254 n=208
Procedural characteristics and in-hospital complications
Valve type® .50
Balloon-expandable 2255 (65) 2115 (65) 140 (67)
Self-expandable 1207 (35) 1139 (35) 68 (33)
Valve size, mm 26 [23-29] 26 [23-29] 26 [23-29] .52
TAVR in SAVR procedure 221 (6) 213 (7) 8 (4) 12
Primary access <.01
Transfemoral 3125 (90) 2956 (91) 169 (81)
Vascular nontransfemoral 337 (10) 298 (9) 39 (19)
Predilatation 1088 (35) 1047 (36) 41 (23) <.01
Postdilatation 515 (15) 485 (15) 30 (14) 83
Major vascular complication 159 (5) 151 (5) 8 (4) .58
Major bleeding 105 (3) 100 (3) 5(2) .59
Life-threatening bleeding 44 (1) 39 (1) 5(2) 13
In-hospital new-onset atrial fibrillation 210 (6) 195 (6) 15 (7) 48
New-onset left bundle branch block 496 (21) 472 (20) 24 (24) 39
In-hospital pacemaker implant 628 (18) 585 (18) 43 (21) 31
In-hospital stroke 71 (2) 68 (2) 3(2) 57
In-hospital acute kidney injury 261 (8) 238 (8) 23 (12) <.01
Length of stay, d 6.0 [4.0-8.0] 6.0 [4.0-8.0] 6.0 [4.0-9.0] 06
Echocardiographic assessment, postprocedural
LVEF 56.5(11.9) 56.7 (11.8) 53.3(13.2) <.01
LVEF < 40 420 (13) 383 (13) 37 (19) <.01
Indexed effective orifice area, cm?/m? 1.0 (0.3) 1.0 (0.3) 0.9 (0.3) 16
Aortic peak gradient, mmHg 20.6 (9.2) 20.7 (9.2) 19.1 (8.8) .04
Aortic mean gradient, mmHg 11.1 (6.1) 11.1 (6.1) 10.7 (5.1) 46
Severe mitral regurgitation 277 (9) 239 (8) 38 (21) <.01
Mitral regurgitation with reduced LVEF 63 (2) 50 (2) 13 (7) <.01
Mitral regurgitation with preserved LVEF 214 (7) 189 (6) 25 (14) <.01
> mild aortic regurgitation 197 (6) 182 (6) 15 (8) .23
Pulmonary systolic pressure, mmHg 374 (124) 37.1 (12.2) 41.2 (13.7) <.01
Pulmonary hypertension <.01
Moderate (PASP 31-55 mmHg) 1204 (64) 1116 (63) 88 (67)
Severe (PASP >55 mmHg) 157 (8) 138 (8) 19 (15)
Treatment at discharge
Aspirin 2469 (71) 2344 (72) 125 (61) <.01
P2Y,, inhibitors 1626 (47) 1539 (47) 87 (42) 17
Oral anticoagulation 1217 (44) 1133 (43) 84 (62) <.01
ACEi/ARB 1140 (50) 1085 (49) 55 (53) 49
Beta-blockers 587 (37) 549 (36) 38 (50) .02
Diuretics 971 (57) 912 (57) 59 (72) <.01

ACEi, angiotensin converting enzyme inhibitors; ARB, angiotensin receptors blockers; LVEF, left ventricular ejection fraction; PASP, pulmonary artery systolic pressure; SAVR,

surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement.

Data are expressed as No. (%), mean + standard deviation, or median [interquartile range].
2 (Edwards SAPIEN 3 / SAPIEN 3 Ultra=65%; Medtronic Evolut R/Evolut Pro=26%; Other systems=9%).

Prognostic implications of advanced NYHA class

The median follow-up of the population was 12 [4-24] months.
In 188 patients (5% of the final population), the follow-up was
missing after the 1-month visit. During the first year after TAVR,
178 patients (5%) died, and 112 (3%) required rehospitalization due
to an HF episode (table 3).

The presence of advanced NYHA class at 1-month follow-up
was associated with a higher risk of all-cause mortality (HR, 3.68;

95%CI, 2.39-5.70; P <.01), cardiovascular mortality (HR, 3.22;
95%Cl, 1.67-6.23; P <.01), and HF-related hospitalization (HR,
6.00; 95%ClI, 3.76-9.60; P < .01).

In addition, worsening functional class (from baseline to 1-
month post-TAVR) was associated with a higher risk of all-cause
mortality (HR, 2.87; 95%CI, 1.50-5.53; P < .01), cardiovascular
mortality (HR, 4.48; 95%CI, 2.02-9.96; P < .01), and HF hospitali-
zation (HR, 6.38; 95%Cl, 3.48-11.7; P <.01). Figure 4 shows a
comparison of survival curves between patients with 1-month
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Figure 2. Comparison of echocardiographic parameters after procedure between patients showing NYHA class I-II vs NYHA class III-IV at 1 month of follow -up. A:
indexed effective orifice area. B: transaortic mean gradient. C: left ventricular ejection fraction. D: pulmonary artery systolic pressure. E: severe mitral regurgitation.
F: moderate or severe aortic regurgitation. AR, aortic regurgitation; iEOA, indexed effective orifice area; LVEF, left ventricle ejection fraction; MR, mitral
regurgitation; PA, pulmonary artery.
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0 1 2

Odds ratio (95%Cl) P-value
1.76 (1.08-2.89) .02
1.14 (0.74-1.78) .55
0.91 (0.74-1.78) .78
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Figure 3. Multivariable logistic regression analysis representing the association of different covariates with the presence of NYHA class III-IV 1 month after TAVR.
95%ClI, 95% confidence interval; LVEF, left ventricle ejection fraction; MR, mitral regurgitation; NYHA, New York Heart Association; PAPS, pulmonary artery

pressure, systolic; PH, pulmonary hypertension.

NYHA class I-II and I1I-1V; and between patients with worsening of
their functional class and those who remained equal or improved.

DISCUSSION

In this large multicenter series of patients undergoing TAVR
with newer generation TAVR devices, 208 patients (6%) showed
NYHA class IlI-IV 1 month after the procedure. Predictors of NYHA
class III-IV at 1 month of follow-up were NYHA class III-IV before
TAVR, COPD, and severe mitral regurgitation on the postprocedural
echocardiogram. The presence of an impaired functional status
1 month after TAVR led to a 3- and 6-fold increased risk of
mortality and HF hospitalization, respectively, at 1-year follow-up
(figure 5).

Comorbidities and futility in transcatheter aortic valve re-
placement patients

Although TAVR has been consistently shown to improve NYHA
class, a lack of improvement 1 month after TAVR has been reported
in up to 16% of patients.” In addition, persistent NYHA class III-IV at
1-year follow-up or HF hospitalization within the first year after

TAVR was reported in about 7% of patients included in a
multicenter Japanese registry.® In our population, 20% of patients
showed no improvement in NYHA class, and 6% were classified as
NYHA class III or IV 1 month after the procedure.

Although TAVR has been demonstrated to be a cost-effective
therapy in intermediate- and high-risk populations,® these data
raise concerns about the futility of TAVR in some patients,
especially those with a higher comorbidity burden. Indeed,
previous studies showed that up to one-third of patients have poor
quality of life or die within the first year after TAVR. In addition,
functional decline or lack of improvement is common in frail
patients undergoing TAVR.!°

COPD was an independent predictor of NYHA class III-IV at
1 month post-TAVR. COPD patients constitute a high-risk
population, with an increased risk of respiratory-related complica-
tions after cardiac surgery.!! COPD patients undergoing TAVR have
fewer respiratory complications and lower in-hospital mortality
than those undergoing surgery.'' However, COPD is related to
higher 1-year mortality and is more frequent in patients with no
improvement of NYHA class in the first month after TAVR.57'12
Evaluating dyspnea in patients with COPD and severe AS may be
challenging. The severity of intrinsic pulmonary disease may
hamper the improvement of shortness of breath in COPD patients.

Table 3
Comparison of event occurrence and risk for events at 1 year according to 1-month NYHA class
TOTAL FC I-II FC III-IV HR P
(N=3462) (n=3254) (n=208) (95%CI)
All-cause mortality® 178 (5) 146 (4) 32 (15) 3.68 <.01
(239 - 5.70)
Cardiovascular mortality® 87 (3) 73(2) 14 (7) 3.22 <.01
(1.67 - 6.23)
Heart failure hospitalization” 112 (3) 85 (3) 27 (13) 6.00 <.01
(3.76 - 9.60)

95%Cl, 95% confidence interval; COPD, chronic pulmonary obstructive disease; FC, functional class; HR, hazard ratio; LVEF, left ventricular ejection fraction; NYHA, New York
Heart Association functional class; Unless otherwise indicated, the data are expressed as No. (%).
2 Cox proportional hazard model for mortality: sex, age, atrial fibrillation, reduced LVEF at discharge, coronary artery disease, COPD, and postprocedural severe mitral

regurgitation at discharge.

b Cox proportional hazard model for heart failure hospitalization: age, sex, atrial fibrillation, reduced LVEF at discharge, severe mitral regurgitation at discharge.
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Figure 4. Kaplan-Meier estimates of 1-year all-cause mortality (A) cardiovascular mortality (B) and heart failure hospitalization (C) according to the presence of
NYHA class III-1V at 1 month of follow-up. Kaplan-Meier estimates of 1-year all-cause mortality (D) cardiovascular mortality (E) and heart failure hospitalization (F)
according to the change in NYHA functional class from baseline to 30 days of follow-up. TAVR, transcatheter aortic valve replacement.
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Frequency and outcomes of impaired functional status after TAVR
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Figure 5. Central illustration. Prevalence, predictors and prognostic significance of impaired functional status following transcatheter aortic valve replacement.
95%Cl, 95% confidence interval; AS, aortic stenosis; COPD, chronic obstructive pulmonary disease; HR, hazard ratio; IQR, interquartile range; MR, mitral
regurgitation; NYHA, New York Heart Association; OR, odds ratio; TAVR, transcatheter aortic valve replacement.

Therefore, a correct assessment of pulmonary disease and its
optimal treatment is desirable in these patients to improve
patient-perceived outcomes. Regardless, patients with COPD
should be informed about the possibility of a mild or no
improvement in dyspnea symptoms after the procedure. A detailed
explanation of the risk/benefit ratio of the intervention should be
given, focusing on the potential survival improvement resulting
from the procedure, even in the absence of significant symptomatic
relief.

Interestingly, when we analyzed patients without COPD, the
baseline NYHA class did not show a significant association with the

presence of NYHA class III-IV at the 30-day follow-up. This finding
highlights the impact of pulmonary disease on the symptoms of
patients with valvular heart disease and the need for a systematic
approach to patients’ comorbidities in order to improve TAVR
outcomes.

Earlier intervention in aortic stenosis

Patients with impaired NYHA class 1 month after TAVR showed
several signs of more advanced cardiac disease before the
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procedure, including higher rates of NYHA class III-IV and atrial
fibrillation, and lower LVEF. In addition, these patients more
frequently had low-flow low-gradient severe AS.

Patients undergoing TAVR in NYHA class III-IV have a worse
clinical course, with a higher risk of mortality and HF hospitaliza-
tion during the first year of follow-up.'®>'* In addition, nonrevers-
ible pulmonary hypertension is related to poorer outcomes.'®

The onset of AS-related symptoms is often accompanied by
other cardiac injury,'® reducing the effectiveness of the aortic valve
replacement in symptom relief and survival improvement.'>~!”

In the AVATAR trial, early surgery in asymptomatic AS patients
reduced the composite outcome of all-cause death, acute
myocardial infarction, stroke, or unplanned HF hospitalization.'®
All this evidence would favor an early intervention in patients with
severe AS before nonreversible cardiac injury appears, hampering
the patient’s symptom relief and survival. However, this enhanced
proactive strategy would unavoidably lead to complications
among asymptomatic patients and a substantial increase in health
care expenditure. Thus, it is important to identify early markers of
cardiac injury to improve the selection of asymptomatic patients
who might benefit from early intervention. In addition, the
ongoing EARLY-TAVR trial (NCT03042104) evaluating the effec-
tiveness of TAVR (vs medical treatment) in reducing the composite
endpoint of all-cause death, stroke, and unplanned cardiovascular
hospitalization in asymptomatic AS patients will provide a definite
response regarding the timing of the intervention. Meanwhile,
once severe AS is diagnosed, patients should be closely followed up
and undergo early intervention when symptoms appear, avoiding
a delayed intervention at later stages of the disease.

Combined mitral-aortic disease

Baseline moderate-to-severe MR is present in about one-fifth of
patients undergoing TAVR and is associated with increased
mortality. TAVR reduces the severity of MR in up to 60% of
patients. However, residual MR after TAVR is associated with
increased 1-year mortality.'®

Data from the TRAMI registry showed that almost 9% of patients
undergoing mitral transcatheter edge-to-edge repair (TEER) had a
previous aortic valve replacement, either surgical or TAVR.
Notably, patients with previous aortic valve replacement were
older and had a higher rate of COPD, and 87% of them were in NYHA
class IlI-IV at the time of TEER. Patients undergoing TEER after
TAVR had an estimated 1-year survival below 50%.%° This study did
not report the time from TAVR to TEER, so late interventions cannot
be excluded. Of all the patients registered for TAVR, TEER, or
transcutaneous mitral valve replacement at the United States
Readmissions Database from 2014 to 2018, 110 patients under-
went simultaneous TAVR and TEER. Simultaneous TAVR and TEER
was associated with poorer outcomes compared with TAVR alone,
reflecting the potential risk of a simultaneous procedure in an
elderly population with a high comorbidity burden.?! In a
multicenter study of TAVR patients with postprocedural moder-
ate-to-severe MR and persistence of NYHA class III-1V in 90%, TEER
at a median time of 164 days after TAVR was associated with
significant improvement in MR and NYHA class. In addition, a trend
toward improved survival was observed.?? Our data support the
concept of the high risk associated with residual MR leading to
impaired functional status early after TAVR. In addition, the
increased mortality risk related to significant residual MR seems to
start very early after the procedure, highlighting the major clinical
relevance of close follow-up, medical treatment optimization, and
earlier mitral intervention in such cases. The ongoing MITAVI
(Treatment of Concomitant Mitral Regurgitation by Mitral Valve
Clipping in Patients With Successful Transcatheter Aortic Valve

Implantation) randomized trial (NCT04009434), assessing wheth-
er TAVR patients with moderate-to-severe MR can benefit from
additional mitral valve clipping treatment, will provide important
insights regarding the timing of intervention.

Early evaluation of patients after transcatheter aortic valve
replacement

The adverse prognostic impact of advanced NYHA class at
baseline or 1 year after TAVR has been previously described.®'>13

In our population, NYHA class IlI-IV or an episode of HF
hospitalization 1 month after TAVR was related to an approxi-
mately 3-fold higher mortality and up to 6-fold increased risk for
HF hospitalization within the year following TAVR. Furthermore,
most events occurred during the first 6 months of follow-up. This
means that delaying interventions in these patients may signifi-
cantly affect their prognosis.

We identified several factors at hospital discharge predicting
advanced NYHA class at 1 month of follow-up. Besides an earlier
intervention of patients requiring TAVR, an earlier evaluation of
patients after TAVR is advisable to identify those with suboptimal
symptoms improvement and detect possible causes for this
outcome. Treatment should be optimized to improve comorbidi-
ty-related symptoms and prognosis (diuretic regimen, HF treat-
ment, COPD treatment). The involvement of HF specialists should
also be strongly considered in such cases. In addition, in patients
with multivalvular disease, a planned staged procedure might help
to improve symptom relief and prognosis. Further studies are
necessary to address this topic.

Study limitations

This study has several limitations. This was a nonprespecified
retrospective analysis of prospectively collected data. Consequent-
ly, some information relevant to the study topic may have not been
consistently collected. Information on NYHA class at 30 days was
missing in 18% of patients screened for inclusion, partially due to
the loss of follow-up visits during the coronavirus pandemic from
2020 to 2021. The NYHA functional classification is semiquantita-
tive, and its subjective assessment might be subject to interob-
server variability and influenced by patients’ comorbidities and
frailty. NYHA class was graded according to investigator criteria
based on clinical interview but not based on standardized
questionnaires. Due to its observational nature, the presence of
unmeasured confounders that can influence study conclusions
cannot be excluded. Detailed information on some echocardio-
graphic signs of cardiac injury was not available. In addition,
information on the completeness of the coronary revascularization
before TAVR was available for less than one-third of the patients.
Finally, specific information on COPD severity and the need for
home oxygen therapy was not available.

CONCLUSIONS

NYHA class IlI-IV at 1 month after transarterial TAVR was
present in 6% of patients and was related to a worse baseline
functional status, the presence of pulmonary disease, and
significant residual MR following the procedure. Impaired
functional status early after TAVR conferred a major increased
risk of poorer outcomes, including death and HF hospitalization
events. These results would suggest the advisability of earlier
intervention strategies for AS patients to avoid advanced
symptoms, along with a close follow-up and a highly proactive
medical and interventional strategy among those with residual
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WHAT IS KNOWN ABOUT THE TOPIC?

- TAVR has become the standard of care for patients with
severe symptomatic AS.

- However, a nonnegligible proportion of patients have
poor quality of life or die within the first year after TAVR.

WHAT DOES THIS STUDY ADD?

- Patients with NYHA class III/IV 1 month after TAVR had a
higher burden of comorbidities, with COPD as an
independent predictor of impaired functional outcomes.

- Baseline NYHA class III-IV and severe postprocedural MR
also predicted NYHA class III-IV at 1 month. NYHA III-IV
at 1 month was associated with a higher risk of mortality
and HF hospitalization within the first year after TAVR.

- This study highlights the importance of an appropriate
evaluation of TAVR patients not only before the
procedure but also soon after discharge. Appropriate
timing for the intervention and the optimal approach for
multivalvular disease should be assessed in dedicated
studies.

MR. Further studies on treatment optimization in patients with
suboptimal functional status early after TAVR are urgently
warranted.
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