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Prognosis of patients with supranormal ejection fraction
undergoing percutaneous aortic valve replacement
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ABSTRACT

Introduction and objectives: Several studies have shown that reduced (< 50%) left ventricular ejection fraction (LVEF) is an
independent risk factor for cardiovascular events and mortality in patients with severe aortic stenosis (AS) undergoing valve
replacement. Although patients with preserved LVEF (> 50%) have a better prognosis, there is a group with supranormal LVEF
(> 70%) whose prognosis seems to differ due to their characteristics. The aim of this study was to evaluate outcomes after tran-
scatheter aortic valve implantation (TAVI) in patients with severe AS and supranormal LVEF.

Methods: We performed a retrospective cohort study that included 1160 patients undergoing TAVI between 2007 and 2021 at
Hospital Clinico San Carlos (Madrid, Spain). The patients were classified according to preoperative LVEF into reduced (< 50%),
normal (50% to 69%), and supranormal (> 70%). Clinical, echocardiographic variables, and the following outcomes were compared:
death from any cause at 30 days and at 1 year, death from cardiovascular causes at 1 year, and rehospitalization due to cardiovascular
causes at 1 year.

Results: Of the 1160 patients with severe AS who underwent TAVI during the study period, 276 (23.8%) had reduced LVEF, 702
(60.5%) had normal LVEF, and 182 (15.7%) had supranormal LVEF. Patients with supranormal LVEF were predominantly men (82.9
+ 5.3 years) and had lower ventricular volumes, higher relative wall thickness, and concentric geometry. There were no differences
in 30-day or 1l-year mortality. However, rehospitalization for cardiovascular causes at 1 year was significantly higher in the
supranormal LVEF group (LVEF < 50%: 29.2%; LVEF 50% to 69%: 27.4%; LVEF > 70%: 34.4%; P < .043).

Conclusions: Patients with severe AS and supranormal preprocedural LVEF (> 70%) who underwent TAVI had a higher rate of
cardiovascular rehospitalization at 1 year, with no differences in mortality.

Keywords: Supranormal ejection fraction. Severe aortic stenosis. TAVI. Rehospitalization.

Prondstico de los pacientes con fraccién de eyeccién supranormal tratados
con recambio valvular aértico percutdaneo

RESUMEN

Introduccion y objetivos: Se ha evidenciado en diversos estudios que la fraccion de eyeccién del ventriculo izquierdo (FEVI)
reducida (< 50%) es un factor de riesgo independiente de eventos y mortalidad en pacientes con estenosis aértica (EA) grave
tratados con recambio valvular. A pesar de que aquellos con FEVI conservada (> 50%) muestran mejor prondstico, existe un grupo
con FEVI supranormal (> 70%) que parece tener un prondstico diferente por sus caracteristicas particulares. El objetivo de este
estudio fue evaluar los resultados del implante percutidneo de valvula aértica (TAVI) en pacientes con EA grave y FEVI
supranormal.
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Meétodos: Estudio de cohorte retrospectiva que incluyé 1.160 pacientes tratados con TAVI en 2007-2021 en el Hospital Clinico San
Carlos (Madrid, Espafia). Se clasificaron segtin su FEVI preoperatoria en reducida (< 50%), normal (50-69%) y supranormal (> 70%).
Se compararon variables clinicas y ecocardiograficas, y los siguientes desenlaces: mortalidad por cualquier causa a los 30 dias y
al afio, muerte por causa cardiovascular al afio y rehospitalizacién por causa cardiovascular al afno.

Resultados: De los 1.160 pacientes con EA grave que recibieron un TAVI durante el periodo del estudio, 276 (23,8%) se registraron
con FEVI reducida, 702 (60,5%) con FEVI normal y 182 (15,7%) con FEVI supranormal. Los pacientes con FEVI supranormal eran
predominantemente varones (82,9 + 5,3 aflos), tenian menores volimenes ventriculares, mayor grosor parietal relativo y geometria
concéntrica. No hubo diferencias en la mortalidad a 30 dias ni al afio; sin embargo, la rehospitalizacién por causa cardiovascular
al afo fue significativamente superior en el grupo de FEVI supranormal (FEVI < 50%, 9,2%; FEVI 50-69%, 27,4%; FEVI > 70%,
34,4%; p < 0,043).

Conclusiones: Los pacientes con EA grave tratados con TAVI que presentaban FEVI supranormal (> 70%) preprocedimiento tuvieron

una mayor tasa de rehospitalizacion por causa cardiovascular al afio, sin diferencias en la mortalidad.

Palabras clave: Fraccion de eyeccién supranormal. Estenosis adrtica grave. TAVI. Rehospitalizacion.

Abbreviations

AS: aortic stenosis. LVEF: left ventricular ejection fraction. LVOT: left ventricular outflow tract. RPT: relative parietal thickness.
TAVI: transcatheter aortic valve implantation. VTI: velocity time integral.

INTRODUCTION

Aortic stenosis (AS) is the second most common valvular heart
disease, affecting 12% of people older than 75 years."? Without
treatment, the survival rate for symptomatic severe AS is less than
3 years.® Transcatheter aortic valve implantation (TAVI) is recom-
mended for symptomatic patients and for asymptomatic patients
with a reduced left ventricular ejection fraction (LVEF) of less than
50%.*

Reduced LVEF is recognized as an independent risk factor for
events and mortality in patients with severe AS.° However, the
prognosis of severe AS in patients with preserved LVEF (> 50%)
remains uncertain, especially in the presence of markers of
subclinical myocardial injury, such as hypertrophy and fibrosis.®
Among these patients, those with a supranormal LVEF (> 70%)
may have a worse prognosis after TAVI due to specific ventricular
geometry and functional characteristics.”

The aim of this study was to evaluate the prognosis of patients
with supranormal LVEF (> 70%) undergoing TAVI and study their
echocardiographic and clinical characteristics.

METHODS

We conducted a retrospective cohort study of patients with severe
AS who underwent TAVI at Hospital Clinico San Carlos in Madrid,
Spain, between June 2007 and December 2021. Severe AS was
defined according to current guideline criteria: mean gradient >
40 mmHg, peak velocity > 4 m/s, aortic valve area < 1 cm?, or
indexed aortic valve area < 0.6 cm?/m2 The decision to perform
TAVI was made by a multidisciplinary medical-surgical team.
Patients were categorized into 3 groups based on their preproce-
dural LVEF, as assessed by echocardiography: reduced (< 50%),
normal (50%-69%), and supranormal (> 70%). Clinical data were
collected from medical records. Patients were excluded if they did
not survive the procedure, had previous cardiac valve surgery, had
cardiomyopathy unrelated to valvular disease, had a life expec-
tancy of less than 1 year, or had missing data in their preproce-
dural echocardiographic study or clinical follow-up.

The clinical endpoints used to evaluate the prognosis of patients
with supranormal LVEF (> 70%) undergoing TAVI were all-cause
mortality at 30 days and 1 year, cardiovascular mortality at 1 year,
and cardiovascular-related rehospitalization at 1 year. We also
assessed their correlation with echocardiographic and clinical
characteristics.

The study was conducted in accordance with the principles of the
Declaration of Helsinki by the World Medical Association and
received approval from the ethics committee of Hospital Clinico
San Carlos in Madrid, Spain. Since the study was retrospective
and posed no risk to patients, informed consent was not required.
All data were handled with the utmost confidentiality by the
researchers.

Echocardiography

Two-dimensional Doppler echocardiography was performed using
the available equipment and following clinical practice guidelines.®
Measurements included septal thickness, posterior wall thickness,
end-diastolic diameter, and left ventricular outflow tract (LVOT)
diameter in the parasternal long-axis view. Peak and mean valvular
gradients were assessed using continuous Doppler in multiple
windows to obtain the highest velocity. The velocity-time integral
(VTI) was measured with pulsed Doppler by placing the sample
volume just before the aortic valve annulus. The aortic valve area
was then calculated using the continuity equation:

LVOT area x LVOT VT
AV VTI

Ventricular volumes and LVEF were calculated using the biplane
Simpson method. The left ventricular (LV) mass was calculated
using the Devereux formula and indexed to body surface area.
Relative parietal thickness (RPT) was calculated using the
following formula:

Septal wall + posterior wall

LV end-diastolic diameter
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(< 50%)
276 (23.8%)

(50%-69%)
702 (60.5%)

(= 70%)
182 (15.7%)

Figure 1. Flow chart illustrating the patients included and excluded from the
study, the final sample analyzed, and its distribution among the 3 study
groups. LVEF, left ventricular ejection fraction.

The indexed stroke volume was obtained using the following
formula:

LVOT area x LVOT VTI
CS

Statistical analysis

The statistical analysis was conducted using available commercial
software (IBM SPSS 28.0). Normally distributed continuous vari-
ables are expressed as the mean and standard deviation, with a
95% confidence interval (95%CI). Categorical variables are
expressed as absolute numbers and percentages. The Student t-test
was used to compare variables with a normal distribution. Anal-
ysis of variance and the Tukey post hoc test were used to compare
means, while the chi-square test was used to compare prevalences
among the 3 groups. A univariable logistic regression analysis was
applied to evaluate predictors of hospitalization and mortality. P
values < .05 were considered statistically significant.

RESULTS

Of the 1228 patients who underwent TAVI during the study
period, 1160 were included in the analysis. Among these, 276
patients (23.7%) had a reduced LVEF (< 50%), 702 patients
(60.5%) had a normal LVEF (50%-69%), and 182 patients (15.6%)
had a supranormal LVEF (> 70%). Sixty-eight patients were
excluded based on the following criteria: 23 due to death during
the procedure, 15 with previous cardiac valve surgery, 6 with
cardiomyopathy unrelated to valvular disease, 18 with a life
expectancy of less than 1 year, and 6 with missing data in the
preprocedural echocardiographic study or clinical follow-up
(figure 1).

The baseline characteristics of the study population are shown in
table 1. The mean age was 82.2 + 5.8 years and was slightly lower
in the reduced LVEF group than in the other 2 groups. Male sex
was more common in the group with LVEF > 70% (P < .005).
Patients with LVEF < 50% had a higher prevalence of prior
myocardial infarction, coronary artery disease, and revasculariza-
tion, along with a higher EUROSCORE 1II (22.5 [14.7-32.0]; P <
.001). This group also more frequently required the intervention
as an emergency procedure (P < .001).
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Echocardiographic data

Patients with LVEF > 70% had smaller LV end-diastolic and
end-systolic volumes, and greater septal wall thickness and RPT
than the other 2 groups. In this group, left ventricular mass index
(LVMI) was 126.3 + 32.8 g/m?, reflecting a predominant pheno-
type of concentric hypertrophy and remodelling. A similar pattern
was observed in patients with normal LVEF (50%-69%), although
this group had a larger end-diastolic LV volume (table 2). In
contrast, patients with LVEF < 50% had a greater LV mass, with
an LVMI of 147.6 + 40.2 g/m? (P < .001), a low RWT (< 0.42),
and an elevated end-diastolic volume, indicating a predominant
phenotype of eccentric hypertrophy. In addition, this group had a
lower indexed stroke volume (32.5 + 11.8; P < .001).

Perioperative clinical endpoints

There were no significant differences among the 3 groups regarding
intra- and postoperative mortality.

Clinical endpoints at follow-up

During the 1-year follow-up, 164 patients (14.13%) died, with no
significant differences among the 3 groups (LVEF < 50%, 14.6%;
LVEF 50%-69%, 12.6%; LVEF > 70%, 12.7%; P < .736). However,
significant differences were found in the rate of cardiovascular
rehospitalization at 1 year, with higher rates in the supranormal
LVEF group (LVEF > 70%, 34.4%; LVEF < 50%, 29.2%; LVEF 50%-
69%, 27.4%; P < .043). Clinical endpoints are shown in table 3.

Univariable regression analysis

In patients with supranormal LVEF, coronary artery disease and
increased interventricular septal thickness were predictors of
cardiovascular hospitalization at 1 year (table 4). In this group,
indexed LV end-diastolic volume and a history of coronary artery
disease were predictors of all-cause mortality at 1 year (table 5).
In the general population, no predictors of 1 year mortality were
identified, except for age (table 6).

DISCUSSION

This study demonstrates that LVEF is an important prognostic
factor in patients with severe AS treated with TAVI. While no
differences in mortality were observed at 1 month or 1 year,
patients with supranormal LVEF (> 70%) had a higher rate of
rehospitalization at 1 year than those with reduced (< 50%) or
normal (50%-69%) LVEF.

LVEF has been widely recognized in the literature as a prognostic
factor in various clinical contexts. A study by Wehner et al.’
reported that an LVEF of 60% to 65% is associated with the best
prognosis, while patients with LVEF > 70% have a 5-year mortality
rate similar to those with reduced LVEF. A study by Gu et al.,'*
found higher mortality and hospitalization rates at 5 years in
patients hospitalized for heart failure with LVEF > 65% than in
those with normal LVEF.

In patients with AS undergoing TAVI, the OCEAN-TAVI registry
found that LVEF > 65% was an independent predictor of death
and rehospitalization at the 3-year follow-up (hazard ratio [HR],
1.16; 95%CI, 1.02-1.31; P = .023).!! There were no significant
differences in mortality among the study groups, except for the
rehospitalization rate. It remains to be elucidated whether longer-
term follow-up could also detect differences in mortality.
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Table 1. Patients’ baseline characteristics
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Characteristics LVEF < 50% (n = 276) LVEF 50%-69% (n = 702) LVEF > 70% (n = 182) P value
Age (years) 816 +£6.3 822+59 829+53 <.050
Male sex 38.1% 58.2% 68.3% <.001
Hypertension 80.7% 82.9% 86.0% .363
Diabetes mellitus 41.7% 35.6% 33.9% 182
Body mass index 21.1+44 284 +£52 217 £5.1 <.002
Hyperlipidemia 56.9% 59.8% 56.0% .254
Previous PTA 30.6% 19.4% 16.8% <.001
Previous CABG 9.6% 4.5% 3.3% <.002
Previous infarction 20.6% 9.1% 7.6% <.001
Coronary artery disease 45.6% 32.7% 34.7% <.002
Left main coronary artery disease 5.6% 3.4% 1.8% 222
Incomplete revascularization 20.7% 30.4% 35.3% 174
CcoPD 16.7% 15.1% 14.5% 714
Smoking 37.2% 41.7% 14.4% .034
Atrial fibrillation 38.6% 37.8% 42.1% .570
Glomerular filtration 61.2 (46.0-77.9) 63.1 (46.8-79.4) 60.9 (45.5-75.2) 3N
Cancer 16.0% 15.5% 18.7% 125
EuroSCORE 11 22.5(14.7-32.0) 14.3 (7.4-18.0) 11.8 (8.9-18.9) <.001
Dyspnea 87.5% 87.5% 91.7% .289
Emergency procedure 33.9% 17.5% 14.1% <.001
Valve-in-valve 3.6% 3.3% 2.7% .881
Post-TAVI outcome

Peak gradient (mmHg) 183+173 19.3+89 194 +8.7 223

Mean gradient (mmHg) 93+38 99+48 100 +5.7 229

CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; LVEF, left ventricular ejection fraction; PTA, percutaneous transluminal angioplasty; TAVI,

transcatheter aortic valve implantation.

Table 2. Patients’” baseline characteristics

Characteristics LVEF < 50% LVEF 50%-69% LVEF > 70% P value
RPT 0.48 (0.41-0.58) 0.57 (0.50-0.65) 0.60 (0.52-0.69) <.001
Indexed LVESV (mL/m2) 31 (25-39) 38 (31-45) 39 (31-49) <.001
Indexed LVEDV (mL/m?) 63 (48-80) 48 (38-59) 45 (35-56) <.001
LVMI (g/m?) 147.6 + 40.2 128.8 + 34.2 126.3 + 32.8 <.001
IVS (mm) 121+ 26 13.6 + 2.4 141+ 27 <.001
Indexed stroke volume (mL/m?) 325+ 11.8 38115 40+ 11.6 <.001

IVS, interventricular septum; LVEF, left ventricular ejection fraction; LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; LVMI, left ventricular

mass index; RPT, relative parietal thickness.

In patients with AS undergoing surgical interventions, LVEF is a
recognized prognostic marker. In a study by Dahl et al.,'? reduced
LVEF (< 50%) was a clear predictor of 5-year risk. The study
revealed that patients with supranormal LVEF experienced longer

hospital stays, increased need for mechanical ventilation, a higher
incidence of hemodialysis, and a greater rate of rehospitalization.
This latter finding is consistent with the findings of the present
study. There is no clear explanation for these results, but they may
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Table 3. Clinical endpoints
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Table 5. Supranormal left ventricular ejection fraction and predictors of
1-year mortality

LVEF < 50% LVEF LVEF
- (]
Variables (n = 276) 50%-69%  >70% Pvalue Characteristics HR 95%ClI P value HR
(n =702) (n =182)
Age 1.180  0.976-1.426 .087 .
Perioperative
Hypertension 2181  0.167-28.575 .552 R S
Intraoperative mortality 0.4% 1.4% 0.6% .345
Diabetes 0.875  0.154-4.968 154 N
Postoperative mortality 2.8% 3.7% 4.3% .676 mellitus
Follow-up Body massindex ~ 1.004  0.796-1.265 976 -
All-cause mortality 2.4% 3.9% 5.0% 359 Coronary artery 3372 0612-18575 012 ¢
at 30 days disease
Cardiovascular mortality 12.8% 9.6% 15.2% .370 Smoking 7.453  0.691-61.024 .259
at 1 year o
EuroSCORE Il 0.921  0.831-1.022 120
All-cause mortality 14.6% 12.6% 12.7% 736
at 1 year RPT 0.011  0.000-154.979  .998
Cardiovascular 29.2% 21.4% 34.4% <.043 Indexed LVEDV 1.094  1.018-1.177 .015 g
rehospitalization at 1 year
IVS 1.004  0.943-1.068 912 +
LVEF, left ventricular ejection fraction.
1.0

Table 4. Supranormal left ventricular ejection fraction and predictors of
cardiovascular hospitalization at 1 year

Characteristics HR 95%CI P value HR
Age 1.077  0.991-1.169 .080 \
Hypertension 1.687  0.546-5.213 .364 —_——
Diabetes mellitus ~ 1.846  0.767-4.440 an j P
Body mass index 1.012  0.933-1.099 770 N
Coronary artery 0.327  0.137-0.780 .012 -
disease
Smoking 179  0650-4965  .259 Tt
EuroSCORE Il 1.046  0.998-1.096 .060 *
RPT 1.004  0.041-24392  .998 CE—
Indexed LVEDV 0.979  0.949-1.010 .188 +
VS 0.965  0.933-0.998 .036 L

1.0

95%Cl, 95% confidence interval; HR, hazard ratio; IVS, interventricular septum; LVEDV,
left ventricular end-diastolic volume; RPT, relative parietal thickness.

be related to the persistence of myocardial hypertrophy or diastolic
dysfunction following the intervention.!?

According to previous studies, increased (> 80 mL/m?) and reduced
(< 55 mL/m?) ventricular volumes are risk factors to consider in
patients with severe AS.'*' In this analysis, in the subgroup of
patients with supranormal LVEF, indexed LV end-diastolic volume
was a predictor of 1-year mortality (HR, 1.094; 95%CI, 1.018-1.177,;
P < .015). A low indexed stroke volume has also been associated
with worse prognosis in patients with AS, both with reduced and
preserved LVEF.!® Patients with preserved LVEF may have a low
stroke volume when the ventricular cavity is small and they have
restrictive physiology that limits the stroke volume, even with a

95%Cl, 95% confidence interval; HR, hazard ratio; IVS, interventricular septum; LVEDV,
left ventricular end-diastolic volume; RPT, relative parietal thickness.

Table 6. Predictors of 1-year mortality in the general population

Characteristics HR 95%ClI P value HR
Age 1.070 1.002-1.143 .043 ke
P B
Hypertension 1.268  0.545-2.947 582
J
Diabetes mellitus 1.458  0.764-2.784  .253
Body mass index 0949  0882-1.020 .152 -
Coronary artery disease 1593  0.867-2.929  .134 —T—¢
J
Smoking 1794  0.899-3.581  .097
EuroSCORE Il 1.046  0.973-1.033  .868 T
RPT 0.252  0.022-2.836  .264
Indexed LVEDV 0986  0.967-1.006  .188 -+
IVS 1.000 0974-1.027  .036 +
1.0

95%Cl, 95% confidence interval; HR, hazard ratio; IVS, interventricular septum; LVEDV,
left ventricular end-diastolic volume; RPT, relative parietal thickness.

supranormal ejection fraction.'” In most studies, these patients
have a worse prognosis, with a higher mortality risk and less
event-free time.'*19

Supranormal LVEF represents a new phenotype in patients with
preserved LVEF (> 50%), with distinctive clinical and hemody-
namic characteristics. There is no universal agreement on the exact
LVEF value to define supranormal. According to the American
College of Cardiology, a LVEF > 70% is considered supranormal,?’
while other groups set this threshold at > 65%. For this study, LVEF
> 70% was used as the reference to better highlight clinical and
echocardiographic differences among the study groups, which
likely influenced the prevalence observed in the population.
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In a study by Wehner et al.,” which reviewed 403977 echocardio-
grams from 203135 patients without prespecified diagnoses, an
LVEF > 70% was found in 3% (13 553) of participants. In the
present study of patients with severe AS, 15% had LVEFs > 70%.
Other studies, such as the OCEAN-TAVI registry,'! reported a
higher percentage of patients with supranormal LVEF and AS
(47%), likely because they used a lower cutoff for supranormal
LVEF (> 65%). These findings suggest that severe AS is associated
with a higher-than-normal LVEF, likely due to left ventricular (LV)
remodelling and concentric hypertrophy resulting from elevated
afterload.?’>* In our study, the LVMI was elevated in most patients,
regardless of LVEF. Patients with normal and supranormal LVEF
predominantly exhibited concentric geometry, characterized by a
reduced LV cavity and increased septal thickness. In contrast,
patients with reduced LVEF showed predominantly eccentric geom-
etry with a dilated LV.

Finally, our results suggest that while widely used risk scales like
EuroSCORE II remain valid, echocardiographic factors should also be
considered when determining the timing and type of intervention.?®

Limitations

This retrospective, observational study was conducted at a single
center. All patients underwent TAVI, and there was no comparison
with those treated with surgical valve replacement. The medical
and pharmacological treatment were not specified, which is an
important omission given recent advancements in heart failure
management. In addition, a 1-year follow-up may be too short to
detect differences in mortality between the groups and a longer-
term follow-up might reveal differences.

CONCLUSIONS

LVEF remains an important prognostic factor in decision-making
for patients with severe AS. In this study, patients with reduced
(< 50%), normal (50%-69%), or supranormal (> 70%) preprocedural
LVEF who underwent TAVI showed no differences in 1-year
mortality. However, those with supranormal LVEF (> 70%) had a
higher rate of cardiovascular-related rehospitalization at 1 year,
suggesting that this subgroup may have unfavorable factors, such
as significant diastolic dysfunction. Further research is needed to
investigate and confirm these findings.
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WHAT IS KNOWN ABOUT THE TOPIC?

- LVEF is a highly significant prognostic marker in cardi-
ology. Paradoxically, studies have shown that patients
with a supranormal LVEF have a worse prognosis in some
scenarios, such as AS.

WHAT DOES THIS STUDY ADD?
- This study shows that patients undergoing TAVI with
supranormal LVEF (> 70%) have higher rehospitalization

rates at 1 year than those with reduced (< 50%) or normal
(50%-69%) LVEF.
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