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Abstract: Recognizing symptoms in elderly patients with severe aortic stenosis (AS) can be a chal-
lenge. Serum biomarkers such as Galectin-3 or N-terminal prohormone B-type natriuretic peptide
(NT-proBNP) are involved in remodeling and heart failure (HF) development and could support
the diagnosis of AS. We set out to test the usefulness of NT-proBNP and Galectin-3 in predicting
events in this population. We designed a prospective observational case–control study, including
50 asymptomatic patients older than 70 years, diagnosed with severe degenerative AS, and 50 con-
trol individuals. The NT-proBNP and Galectin-3 levels were measured. A follow-up was carried
out at 12 months to determine the occurrence of hospital admission for HF, all-cause mortality or
the appearance of symptoms. The patients with severe AS had higher Galectin-3 and NT-proBNP
concentrations. The area under the receiver operating characteristic curve of the NT-proBNP was
0.812 (95% CI, 0.646–0.832), and that of the Galectin-3 was 0.633 (95% CI, 0.711–0.913). NT-proBNP
was a good predictor of events [HR 3.45 (95% CI 1.32–9.03), p = 0.011]. A Kaplan–Meier analysis
showed that the probability of freedom from events was significant in patients who exhibited a
combination of higher NT-proBNP and Galectin-3 levels (log-rank p = 0.032). Therefore, NT-proBNP
was the most reliable predictor of events in asymptomatic patients with severe AS. A combination of
NT-proBNP and Galectin-3 levels may be vital in the clinical follow-up of these patients and in the
decision-making process.

Keywords: aortic stenosis; older patients; congestive heart failure; Galectin-3; NT-proBNP

1. Introduction

Aortic stenosis (AS) is the most frequent valve pathology in clinical practice [1]. A
degenerative etiology is currently the most prevalent cause of AS; furthermore, due to
the aging of the population, there has been an increase in the number of diagnosed cases.
Degenerative AS is a chronic and progressive entity with a long latency period during
which the patient is asymptomatic. The duration of this asymptomatic period varies widely
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among patients, but, once symptoms appear, the prognosis worsens, and the 5-year survival
rate is 15–50% [2,3].

Currently, two invasive treatment options are available for patients with severe AS,
aortic valve replacement surgery (AVR) and transcatheter aortic valve implantation (TAVI);
the former is more appropriate for patients older than 75 years and those with intermediate
and high surgical risk, as long as there is no risk of failure [4].

Diagnosing AS in the elderly is challenging. First, recognizing symptoms in older
patients can be difficult, due to the presence of comorbidities that negatively influence
physical activity or because the patients unconsciously limit themselves physically in such
a way that they do not report any symptoms. In addition, the collection of medical history
data could be even more complicated if this aging population presents with cognitive
impairment such as dementia or delirium [5,6]; therefore, by the time they begin to notice
any limitations, the AS is already seriously advanced [7]. Second, performing diagnostic
tests such as stress tests in this population is complicated, since many patients have
difficulty with the treadmill, are incapable of performing the tests or are contraindicated by
patient comorbidities. In recent years, the use of circulating biomarkers such as N-terminal
prohormone B-type natriuretic peptide (NT-proBNP) to predict symptom-free survival has
been proposed. NT-proBNP is related to hemodynamic AS severity and may allow the
early identification of patients who will have a worse evolution and prognosis and may
benefit from early invasive treatment. Thus, NT-proBNP serves as a prognostic tool and
determines the best time for surgery [4,8,9]. However, NT-proBNP levels do not reflect
ongoing chronic inflammation and appear to have lower specificity in older patients [10].

Galectin-3 belongs to the β-galactoside-binding protein family and serves important
functions in numerous biological activities, including cell growth, apoptosis, differentiation,
inflammation and fibrosis [11]. Recent studies support the use of this emerging biological
marker for the prediction of survival in asymptomatic AS cohorts due to its role in remod-
eling and the development of congestive heart failure (CHF); however, to our knowledge,
no specific studies have been carried out assessing the efficacy of Galectin-3 in the elderly
population [12–14].

The identification of high-risk populations is critical to avoid readmission and high-
rate mortality and thus achieve effective management and use of resources. However,
indications for invasive medical treatment among frail elderly patients with severe AS are
limited because of the lack of symptoms, difficulties in performing diagnostic tests or the
condition itself, which can cause delayed timing. In the current study, we aimed to test
the usefulness of NT-proBNP and Galectin-3 in an older population with asymptomatic
severe AS.

2. Materials and Methods
2.1. Population Study

This is a prospective, observational, case–control study. Two cohorts were recruited:
(i) patients older than 70 years diagnosed with asymptomatic severe degenerative AS
(n = 50) and (ii) healthy controls who were matched by age and sex. The patients were re-
cruited from cardiology outpatient clinics. Patients with severe concomitant valvulopathies,
patients under 70 years of age, and patients with severe AS who were symptomatic or
pending intervention were excluded. The control group consisted of individuals who
showed a normal clinical examination and did not present with any chronic heart condition
except high blood pressure (HBP). The case recruitment was performed from August 2017
to July 2018, and the control cohort was included from December 2020 to May 2021.

The study protocol was approved by the Ethics Committee of Alfonso X el Sabio
University/UAX and met the ethical criteria of the Declaration of Helsinki. Signed informed
consent was obtained from all patients.
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2.2. Clinical Data

Biodemographic data were collected, including age, sex, weight, height, body mass
index (BMI) and body surface area (BSA), using the DuBois and DuBois formula. The
clinical variables analyzed included unhealthy habits and cardiovascular risk factors such
as HBP, diabetes mellitus (DM) or dyslipidemia (DLP). The presence of atrial fibrillation
(AF), ischemic heart disease, and comorbidities included in the Charlson index were also
collected [15]. A physical examination and a 12-lead electrocardiogram were performed.
Dyspnea severity was classified according to the New York Heart Association (NYHA)
functional classification. The patients were considered asymptomatic in the absence of
dyspnea, angina and syncope. The degree of dependency was measured by the Barthel
scale [16].

2.3. Echocardiography Information

All the patients underwent comprehensive Doppler echocardiography on study recruit-
ment with a Phillips Affinity-70C echocardiograph with an S5-1 probe by an experienced
echocardiographer. The severity of aortic valve disease was calculated following the recom-
mendations of the European Society of Cardiology by evaluating the maximum velocity
(Vmax), the mean pressure gradient (MPG) and the aortic valve area (AVA), calculated
using the continuity equation and the dimensionless index (DI) or integral relation, which
represents the ratio of the left ventricular outflow tract (LVOT) time-velocity integral to that
of the aortic valve jet [4]. Severe AS was considered when the peak velocity was greater
than 4 m/s, the MPG was greater than 40 mmHg, and the DI was less than 0.25, or when
the AVA was less than 1 cm and the indexed AVA was less than 0.6 cm/m2 to also include
severe AS with a low gradient [4,17].

Two-dimensional measurements of the left ventricular (LV) diameter and wall thick-
ness and the left atrial volume were also performed. The left ventricular ejection fraction
(LVEF) was calculated using the four-chamber and two-chamber Simpson biplane methods
and was considered preserved above 50% and reduced when it was ≤50% [18].

The LV diastolic function and filling pressures were assessed according to the rec-
ommendations of the European Association of Cardiovascular Imaging [19]. The global
longitudinal strain (GLS) was determined by 2D speckle tracking from apical 2, 3 and
4 chamber views according to the American Society of Echocardiography 17 segment LV
model. In each of the apical views, three sampling points were manually placed at the
endocardial edge of the septal and lateral mitral annulus and at the apex. The region
of interest was automatically generated and manually edited, with the aim of obtaining
optimal tracing of the endocardial and epicardial borders [20]. Representative cardiac
cycles were chosen to determine longitudinal strain, with the goal of achieving the best
myocardial tracking and the most visually satisfying strain curves. The aortic valve closure
was visually identified from the apical long-axis view. The GLS was calculated as the
average of each of the regional strains. The available automated function imaging software
package was used for the analysis. The software only allowed the calculation of the GLS if
the follow-up was adequate in at least five of six segments in each apical view. If more than
three segments were not adequately followed up, the GLS analysis was not performed.

The size and function of the right ventricle and the estimation of systolic pulmonary
arterial pressure (sPAP) were evaluated following the guidelines of the European Society
of Cardiology [21].

2.4. Biochemical Analysis

All the blood samples were taken from a peripheral vein and processed under identical
conditions at 08:00 h after 12 h of fasting and within 48 h of echocardiography. The
Galectin-3 samples and NT-proBNP were analyzed at the laboratory using a fluorescent
enzyme-linked immunoassay on the VIDAS analyzer (bioMérieux, Craponne, France).

The Galectin-3 level was classified into three groups according to the cutoff previously
proposed for risk stratification in established HF. High risk was considered when it was
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>25.9 ng/mL, moderate risk > 17.8–25.9 ng/mL and low risk ≤ 17.8 ng/mL [22]. We also
classified the Galectin-3 levels according to the cutoff point obtained in the study, as with
the NT-proBNP.

The estimated glomerular filtration rate (eGFR) was calculated by the Chronic Kidney
Disease Epidemiology Collaboration equation. Renal function was considered impaired
when the eGFR < 60 mL/min/1.73 m2 [23].

2.5. Study Population Follow-Up

The recruited patients were followed up at six months and one year in cardiology
clinics or by telephone when the patient was unable to attend. For evaluating the re-
sults, the endpoint of the study was defined as the occurrence of death from any cause,
admission for CHF or the appearance of symptoms (dyspnea, angina or syncope) and a
change in treatment (referral for TAVI or AVR). Likewise, the different causes of mortality
were collected.

2.6. Statistical Analysis

Stata 15.1 software (www.stata.com accessed on 18 October 2022) was used for the
statistical analysis. For the description of the data, the frequency and percentages are used
for the qualitative variables, and the means (standard deviation), median (interquartile
interval) and minimum/maximum are used for the quantitative variables. Comparisons
between the quantitative variables were made using the independent samples Student’s t-
test for the variables with a normal distribution according to the Kolmogorov–Smirnov test.
For the variables that did not conform to normality, the Mann–Whitney U test was used.
The qualitative variables are shown as total numbers and percentages. The comparisons
between the qualitative variables were made using Pearson’s χ2 test with Yates’s correction
or Fisher’s exact test as appropriate.

Pearson’s or Spearman’s correlations were obtained for the clinical characteristics,
echocardiographic parameters and serum Galectin-3 and NT-proBNP levels in the patients
with AS.

The cutoff point at which the level of Galectin-3 and NT-proBNP best predicted the
occurrence of events in the population was determined using receiver operating charac-
teristic (ROC) curve analysis. The area under the curve and the sensitivity and specificity
values were calculated, all with 95% confidence intervals.

A Kaplan–Meier analysis was performed to study the event-free survival curve (time-
to-first-event), in this case, the combined endpoint by groups was based on their Galectin-3
levels, NT-proBNP levels and the combination of both, according to the cutoff points
obtained from the ROC curve analysis. The differences between the two groups were
evaluated with the log-rank test.

A univariate Cox proportional hazards regression analysis was performed to detect the
independent predictors of major adverse cardiac events (MACEs). A multivariate model
was made with all the significant variables in the univariate analysis. We then removed
the variables that did not provide information to the model (p-value < 0.22) and created
overfitting, as was the case for Vmax and the integral relation, which created significant
distortions in the form of outliers.

3. Results

The demographic, clinical and geriatric characteristics, laboratory data and echocar-
diographic findings are detailed in Table 1. The patients in the AS group had significantly
more coronary disease, worse functional class, a higher degree of dependence, according to
the Barthel index, and greater comorbidity according to the Charlson index. No differences
were found in terms of cardiovascular risk factors or the treatment received by the patients.
The Galectin-3 and NT-proBNP levels were remarkably higher in the AS group than in the
control cohort. The glomerular filtration rates below 50 mL/min were significantly more
frequent in the AS group.

www.stata.com
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Table 1. Characteristics of the population.

Characteristics AS, n (%) Control, n (%) p

Sex (Female) 32 (64) 32 (64) 1

Age 82.86 ± 7.2 80.48 ± 6.42 0.084

Body surface 1.68 ± 0.19 1.67 ± 0.18 0.82

Functional class

I 19 (38) 44 (88) <0.001

II 31 (62) 6 (12)

Coronary heart disease 6 (12) 0 (0) 0.027

AF 14 (28) 11 (22) 0.488

DM 18 (36) 11 (22) 0.122

Dyslipidemia 27 (54) 29 (58) 0.68

HBP 40 (80) 38 (76) 0.629

COPD 11 (22) 4 (8) 0.0499

CVD 5 (10) 6 (12) 0.74

Dementia 7 (14) 3 (6) 0.31

Degree of dependence

Independent 28 (56) 42 (84) 0.0123

Mild 12 (24) 5 (10)

Moderate 6 (12) 3 (6)

Severe 4 (8) 0 (0)

Barthel index 91.86 ± 16.88 97.86 ± 6.02 0.0199

Comorbidity according to
Charlson index

No comorbidity 27 (54) 39 (78)

Low comorbidity 14 (28) 8 (16) 0.033

High comorbidity 9 (18) 3 (6)

Charlson index 1.36 ± 1.31 0.84 ± 0.89 0.022

Medication

ACE inhibitors/ARBs 34 (68) 29 (58) 0.3004

Calcium channel blockers 12 (24) 9 (18) 0.461

Potassium-sparing diuretics 1 (2) 3 (6) 0.617

Statins 21 (42) 25 (50) 0.422

Beta-blockers 15 (30) 17 (34) 0.668

Loop diuretics 7 (14) 1 (2) 0.071

Thiazides 14 (28) 14 (28) 0.132

Echocardiography

LVH

No 2 (4) 19 (38)

Mild (11–13 mm) 15 (30) 29 (28) <0.001

Moderate (13–15 mm) 20 (40) 2 (4)

Severe > 15 mm 13 (26) 0 (0)
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Table 1. Cont.

Characteristics AS, n (%) Control, n (%) p

PHT

Normal 15 (30) 27 (54)

Mild (35–40) 12 (24) 5 (10)

Moderate (45–65) 6 (12) 1 (2) 0.0199

Severe > 65 1 (2) 0 (0)

Not estimated 16 (32) 17 (34)

IVS 13.7 ± 1.66 11.1 ± 1.22 <0.001

Peak gradient (mmHg) 57.7 ± 20.32 9.35 ± 3.77 <0.001

Mean gradient (mmHg) 33.3 ± 12.9 4.65 ± 1.83 <0.001

Peak velocity (m/s) 3.7 ± 0.69 1.48 ± 0.31 <0.001

AVA (cm2) 0.82 ± 0.26 2.1 ± 0.39 <0.001

AVA indexed 0.49 ± 0.16 1.3 ± 0.28 <0.001

Integral relation 0.25 ± 0.08 0.66 ± 0.13 <0.001

LVEF Teicholz (%) 67.9 ± 9.8 71.2 ± 7.64 0.07

Indexed stroke volume 39.5 ± 10.68 39.4 ± 9.31 0.966

GLS 18.67 ± 3.25 19.48 ± 1.78 0.136

GLS < 18% 19 (38.8) 7 (14) 0.0051

Lab results

GFR (mL/min) 57.96 ± 8.9 59.6 ± 8.49 0.53

GFR < 50 mL/min 15 (30) 7 (14) 0.045

NTproBNP 1117.28 ± 1528.49 271.9 ± 350.8 <0.001

NTproBNP > 450 28 (56) 6 (12) <0.001

NTproBNP > 435 26 (52) 5 (10) <0.001

Galectin-3

Mild risk ≤ 17.8 27 (54) 43 (86) 0.0011

Moderate risk > 17.8–25.9 21 (42) 7 (14)

High risk > 25.9 2 (4) 0

Galectin-3 16.91 ± 4.57 12.7 ± 4.74 <0.001

Galectin-3 > 14.3 35 (70) 15 (30) <0.001

ECG

Heart rate 69.8 ± 12.13 69.22 ± 12.04 0.81

Rhythm

Sinusal 42 (84) 46 (92)

AF 6 (12) 4 (8) 0.275

Pacemaker 2 (4) 0 (0)

LVH criteria 7 (14) 2 (4) 0.16
Abbreviations: ACE inhibitors/ARBs, angiotensin-converting enzyme (ACE) inhibitors/angiotensin II receptor
blocker; AF, atrial fibrillation; AS, aortic stenosis; AVA, aortic valvular area; COPD, chronic obstructive pulmonary
disease; CVD, cerebrovascular disease; DM, diabetes mellitus; ECG, electrocardiogram; GFR, glomerular filtration
rate; GLS, global longitudinal strain; HBP, high blood pressure; IVS, interventricular septum; LVEF, left ventricular
ejection fraction; LVH, left ventricular hypertrophy; NT-proBNP, N-terminal prohormone B-type natriuretic
peptide; PHT, pulmonary hypertension. Notes: Data are expressed as No. (%) or mean ± standard deviation.
Bold indicates statistically significant variables (p < 0.05).
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The AVA index ranged between 0.23 and 0.65 cm2/m2. The peak and mean aortic
pressure gradients were 57.96 (8.95) mmHg and 33.36 (12.9) mmHg, respectively. As
expected, the AS group showed significantly increased LV wall thickness, with a higher
percentage of hypertrophy severity. The LVEF was slightly higher in the control group, but
not significantly so. The sPAP was higher in the case group. Although the GLS was lower
in the AS patients than in the control group, the difference was not significant. When a
value of −18% was used as the cutoff point, there was a significant difference between both
groups, with the group with AS presenting a higher GLS percentage below this limit (19 vs.
7 patients).

Among the 50 patients with AS, 3 (6%) died during the follow-up year, 4 (8%) were
admitted for CHF, 2 (4%) underwent AVR surgery and 10 (20%) underwent TAVI after
developing symptoms. The causes of death were not of cardiac origin in any of the
three patients.

We further tested the correlations between the Galectin-3 and NT-proBNP levels and
significant parameters of AS severity (mean gradients and AVA), as well as the indices of
LV remodeling, such as the thickness of the interventricular septum (IVS) and the GLS
(Table 2).

Table 2. Correlations between AS patient features, echocardiography parameters and plasma levels
of Galectin-3 and NT-proBNP.

Age Mean Gradient AVA GLS IVS

NT-proBNP S 0.419 0.455 −0.474 −0.181 0.574
p <0.0001 <0.0001 <0.0001 0.07 <0.0001

Galectin-3
S 0.183 0.339 −0.366 −0.029 0.369
p 0.069 0.0006 0.0002 0.77 0.0002

Abbreviations: AS, aortic stenosis; AVA, aortic valve area; GLS, global longitudinal strain; IVS, interventricular
septum; NT-proBNP, N-terminal prohormone B-type natriuretic peptide. Data are shown as Pearson’s or Spear-
man’s correlation coefficients (r) for parametric and nonparametric characteristics, respectively, and associated
p values.

There were moderate correlations between the echocardiographic parameters of AS
severity and the tested biomarkers, with the NT-proBNP demonstrating greater correlations
than the Galectin-3. Both the Galectin-3 and NT-proBNP levels were also positively corre-
lated with IVS, but neither was correlated with the GLS. NT-proBNP but not Galectin-3
was significantly correlated with age.

The univariate analysis by logistic regression yielded a statistically significant direct
correlation between NT-proBNP and the occurrence of MACEs, while no such correlation
was identified for Galectin-3. Most of the echocardiographic parameters associated with
the severity of stenosis (MPG, Vmax, AVA, indexed AVA and the ratio of integrals) were
associated with MACEs, while no association was found between impaired GLS and
MACEs. In the multivariable analysis, only the level of NT-proBNP remained statistically
significant when treated as a continuous variable (Table 3).

Table 3. Independent predictors of MACEs (univariate and multivariate analysis with Cox regression).

Features Univariate Multivariate

HR p-Value HR p-Value

Maximum pressure
gradient 1.03 (1.00; 1.05) 0.0277

MPG 1.06 (1.02; 1.10) 0.0045

Vmax 2.48 (1.17; 5.27) 0.0184

AVA 0.02 (0.00; 0.23) 0.0018



J. Clin. Med. 2023, 12, 2987 8 of 15

Table 3. Cont.

Features Univariate Multivariate

HR p-Value HR p-Value

AVA indexed 0.001 (0.000; 0.088) 0.0019

Integral relation 0.000 (0.000; 0.002) 0.0003

LVEF Teichholz 0.94 (0.89; 1.00) 0.0329

Indexed stroke volume 0.95 (0.90; 0.99) 0.0242

GLS 0.90 (0.77; 1.05) 0.1882

NT-proBNP 1.000 (1.000; 1.000) 0.0125 3.45 (1.32; 9.03) 0.011

Galectin-3 0.98 (0.89; 1.09) 0.7679 0.97 (0.87; 1.08) 0.609

Abbreviations: AVA, aortic valvular area; GLS, global longitudinal strain; HR, hazard ratio; LVEF, left ventricular
ejection fraction; MACE, major cardiovascular adverse events; MPG, mean pressure gradient; NT-ProBNP,
N-terminal B-type natriuretic peptide; Vmax, maximum velocity.

The area under the receiver operating characteristic curves was 0.81 (95% CI: 0.7111–0.9135)
for the NT-proBNP and 0.63 (95% CI: 0.5082–0.759) for the Galectin-3 (Figure 1). The
sensitivity, specificity, positive predictive value and negative predictive value of the NT-
proBNP and Galectin-3 in predicting events are shown in Table 3. The NT-proBNP was a
better event discriminator, with high sensitivity, although the specificity was not very high
(Table 4).
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Figure 1. NT-proBNP (A) and Galectin-3 (B) receiver operating characteristic curve analysis (blue
line). Pink line is the reference line. The NT-proBNP and Galectin-3 AUCs were 0.8123 and 0.6338,
respectively. Abbreviations: AUC, area under the curve; NT-proBNP, N-terminal prohormone B-type
natriuretic peptide; ROC, receiver operating curve.

Next, to identify the best discriminators of MACEs in our elderly population, the
cutoff point that maximized sensitivity and specificity was determined for NT-proBNP
(435 pg/mL) and Galectin-3 (14.3 ng/mL). A Kaplan–Meier analysis was used to assess
the correlation over time between Galectin-3 ≥ 14.3 ng/mL, NT-proBNP > 435 pg/mL
and the combination of both and overall MACE occurrence. Although the NT-proBNP
produced a yield curve, no statistically significant difference was found between the groups
(p = 0.15). The levels of Galectin-3, however, were not predictive of MACEs (p = 0.59).
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Notably, the combination of both biomarkers led to a statistically significant prediction of
events (p = 0.032) (Figure 2).

Table 4. The predictive ability of the biochemistry parameters for the outcomes of the asymptomatic
severe AS cohort.

ROC AREA Youden
Index Sensitivity Specificity PPV NPV Cut Point

AUC

NT-proBNP 0.8123 0.5352 88.8889 64.6341 35.5556 96.3636 435.00

Galectin-3 0.6338 0.3333 83.3333 50.0000 26.7857 93.1818 14.30

Abbreviations: AS, aortic stenosis; AUC, area under the curve; NPV, negative predictive value; NT-proBNP,
N-terminal prohormone B-type natriuretic peptide; PPV, positive predictive value; ROC, receiver operating
characteristic.
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cause, admission for CHF or appearance of symptoms and change in treatment) according to the
cutoff points of NT-proBNP (A) and Galectin-3 (B) and their combination (C). NT-proBNP > 435
(continuous red line) and ≤435 (discontinuous blue line) in patients with asymptomatic severe aortic
stenosis. Log-rank p = 0.15. Galectin-3 > 14.3 (continuous red line) and ≤14.3 (discontinuous blue line).
Log-rank p = 0.59. Gal-3 > 14. 3, NT-proBNP > 435 (continuous line) and Gal-3 ≤ 14.3, NT-proBNP
≤ 435 (discontinuous line). Log-rank p = 0.032. Abbreviations: AS, aortic stenosis; CHF, congestive
heart failure; Gal-3: Galectin-3; NT-proBNP: N-terminal prohormone B-type natriuretic peptide.

4. Discussion

The valvular disease AS is a newly emerging pandemic in elderly individuals due
to the aging of the population in the Western world. Performing a correct diagnosis in
the frail and aged population with AS is a vital problem that often leads to a timing delay
in delivering interventional options. Our study assesses the prognostic reliability of the
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biomarkers NT-proBNP and Galectin-3 in asymptomatic elderly patients with severe AS,
which has not been researched to date.

In our study population, we found increased levels of both biomarkers in older patients
with asymptomatic AS compared to the control group. Although only NT-proBNP was a
good event discriminator in the multivariate analysis, the combination of both biomarkers
depicted powerful stratification capabilities using a Galectin-3 level of 14.3 pg/mL and
an NT-proBNP level of 435 pg/mL. The role of these two biological markers in increasing
diagnostic accuracy has been previously revealed by studies such as that of Feola et al. [24],
carried out in patients with CHF.

The diagnosis of severe AS is challenging and requires careful exclusion of measure-
ment errors and other explanations for the echocardiographic findings [17], as well as
the presence or absence of typical symptoms which, as we have pointed out, could be
difficult to detect in this population. The fact that the mean gradient of our population
with AS was below the limit to consider severe stenosis (33.3 ± 12.9 mmHg) was due to the
inclusion of AS patients with low gradient and low flow. This entity is very common in
elderly patients with hypertension and small and hypertrophic ventricles, predominantly
in the female population, as was the case among our patients [25]. This scenario may raise
doubts about the diagnosis of severity, so an AVA < 0.8 cm2 was required in our study to
classify these patients with low gradient and low flow as having severe AS [26]. Clinical
decision-making in discordant cases should therefore take additional parameters, such as
biomarkers, into account.

Among the studies that systematically reviewed the role of Galectin-3 in AS biological
processes, most of the studies reported all-cause mortality [27], but few have analyzed the
prediction of events [27]. Galectin-3 levels were significantly higher in patients with AS
than in the controls and were correlated moderately with echocardiographic parameters
of LV remodeling, such as IVS hypertrophy and severity of stenosis assessed by MPG
and AVA, but failed to predict MACEs [28]. Galectin-3 levels are higher in severe AS,
highlighting its role as a proinflammatory and profibrotic mediator and confirming the
inflammatory process that is underscored in this entity [29].

Galectin-3 has been shown to be related to chronic CHF and myocardial fibrosis in
numerous publications, but studies in asymptomatic patients with severe AS are scarce;
most of them have been carried out when following up operated patients or patient
populations spanning several degrees of AS severity [13,30,31]. As previously mentioned,
Galectin-3 is known to be involved in inflammation and the development of fibrosis, but its
clinical use is hindered by its lack of specificity in identifying myocardial fibrosis. Several
studies have linked the circulating concentration of Galectin-3 to the outcomes in patients
with CHF with either reduced or preserved LVEF [31,32]. However, the plasmatic levels
of this biomarker may be affected by other factors. Several confounding factors linked
to inflammation and fibrosis in other organs, such as female sex, age or renal function,
mostly influence Galectin-3 levels [31,32]; impaired renal function is common in patients
with cardiovascular disease [33], which may underlie the prognostic value of Galectin-3
in CHF. In our study population, although the presence of eGFR < 50 mL/min was more
prevalent among AS patients, the mean global eGFR in this group was within normal
limits (57.96 ± 8.9 mL/min). Therefore, in our case, kidney disease did not appear to be a
confounding factor.

Galectin-3 levels in the general population described in other studies vary from 10 to
13 ng/mL to 15–30 ng/mL in patients with CHF [34–36]. However, the levels in our patients
with AS were relatively low, 16.92 ± 4.57, since our patients were asymptomatic when
recruited. The lack of association is likely because Galectin-3 increases in more advanced
stages of the disease, with LV remodeling and a worsening of renal function secondary to
the cardio-renal syndrome.

Arangalage et al. [31] independently studied a subset of 60 asymptomatic patients
with severe AS with characteristics similar to those of our populations. Galectin-3 was
not associated with either the grade of AS or functional situation and did not provide
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prognostic information on AS-related events [31]. Bobrowska et al. [32] set out to test the
role of Galectin-3 in degenerative AS symptomatic patients as a way to stratify risk for
the choice of optimal therapy. Galectin-3 arose as a good predictor of events, specifically
of mortality, but only in post-balloon aortic valvuloplasty patients. In a global study
group, Galectin-3 tended to predict mortality, which was overturned upon adjustment for
eGFR [32].

Despite these unsatisfactory results in predicting events, the known relationship
between Galectin-3 and the presence of inflammation and fibrosis could have potential
usefulness in leading asymptomatic AS patients with high Galectin-3 levels to undergo
cardiac magnetic resonance imaging (MRI) using gadolinium to assess LV fibrosis before
TAVI. The presence of myocardial fibrosis is associated with incomplete functional recovery
and worse outcomes after TAVI [37]. Routine use of MRI is difficult due to its high cost
and low availability, so Galectin-3 could be useful for selecting appropriate candidates.
Studies comparing the levels of Galectin-3 before and after TAVI, together with MRI, should
be conducted to correlate the degree of fibrosis with this biomarker and the outcomes.
Galectin-3 may identify the underlying molecular pathways involved in severe AS and, in
the future, be targeted as a therapeutic option.

Unlike Galectin-3, NT-proBNP performed well, yielding more reasonable sensitivity
and specificity in predicting the occurrence of MACEs, which is consistent with previous
studies [9,38,39]. In the meta-analysis, seventeen studies analyzing NT-proBNP in patients
with AS reported an effect size for all-cause mortality in patients with high vs. low levels of
baseline biomarkers [27]. Currently, the European clinical practice guidelines recommend
at level IIA the use of serial determinations of NT-proBNP to monitor those asymptomatic
populations, and, in cases of consistently elevated levels, consider intervention [4]. In our
study, we showed that this biomarker was also useful in older patients, despite not having a
very high specificity. However, it had a high negative predictive value, and, therefore, levels
below the range allowed a “wait and see” attitude during follow-up. The low specificity of
NT-proBNP, especially in elderly patients, has led to the use of higher levels in repeated
measurements to correlate it with events [4,40]. However, in general, biomarker levels are
much lower in valvular disease than in CHF [41]. Thus, the absolute levels of NT-proBNP
used for CHF may not be as effective for valvular disease. In our study, the cutoff point
that best-discriminated events was 435 pg/mL, similar to the value used for CHF in elderly
patients (450 pg/mL), with a sensitivity of 88% and specificity of 66%. NT-proBNP was
a better event discriminator in our cohort than in other studies, such as that of Weber
et al. [42], which showed an optimized threshold of 550 pg/mL, a sensitivity and specificity
of 71% and 68%, respectively, and an AUC of 0.73. In contrast, the low specificity of this
biomarker and the modest correlations with AS grading, with coefficients ranging between
0.30 and 0.60, similar to those found in previous studies [42–44], suggest that factors other
than AS severity may also affect NT-proBNP levels, and thus this biomarker should be
used with caution.

Therefore, to make NT-proBNP accessible in clinical practice, it is essential to person-
alize and consider the whole context, such as age, sex, the presence of AF, renal failure and
diastolic dysfunction [43,44]. Several factors could be involved in the NT-proBNP increase,
and it is very likely that a set of biomarkers may be needed to achieve high predictive
capacity instead of relying on a single biomarker. Previous studies have shown that the
combination of different biomarkers improves diagnostic and prognostic performance
and may be useful in monitoring patients with heart disease [24,45]. The combination of
Galectin-3 with NT-proBNP, therefore, could be introduced into the clinical follow-up of
AS patients. Accordingly, Baldenhofer et al. [46] found that a combination of NT-proBNP,
mid-regional pro-adrenomedullin and mid-regional pro-atrial natriuretic peptide was a
stronger predictor of 1-year mortality than each of these biomarkers separately. No single
prognostic marker should be taken as an absolute decision maker, just as no single symptom
should be considered to reach a diagnosis in this particular population. Physicians should
integrate all possible patient features, including age, comorbidity, frailty, AS severity and
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impact on the LV, as well as the patient’s desires, into each clinical decision. Our data
clearly showed that NT-proBNP levels should be one of the elements that participate in
this comprehensive assessment of patients with AS. We propose an integrative medicine
approach with multidisciplinary information, such as that from cardiologists, radiologists
and laboratory markers.

The current study has some limitations related to the recruitment of the sample from
a single center. Additional investigations of NT-proBNP and Galectin-3 levels were only
performed at enrollment and were not repeated afterward by the investigators involved in
the current study. Further research on a larger population and with an extended period of
follow-up is needed to confirm the results of the current study. Patients were considered
asymptomatic based on clinical judgment, and no exercises were performed due to the
inability of this population to adapt to the treadmill.

5. Conclusions

This research confirms the need to establish the optimal cutoff point of circulating
biomarkers, as well as to determine its incremental value over other risk stratification meth-
ods. In our study, only NT-proBNP was a predictor of events in patients with asymptomatic
severe AS. Moreover, a combination of both biomarkers may be a potential tool for the
clinical follow-up of the elderly population with AS. Although Galectin-3 was moderately
correlated with the echocardiographic parameters, its role as a predictor of MACEs was not
confirmed. The proper use of biomarkers in clinical practice could prevent the irreversible
and severe consequences that result from late surgical intervention.
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