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Introduction and objectives: Although elevated natriuretic peptide levels il Biedlsie diegesiie el

form part of the universal definition of heart failure, values of echocardiographic
parameters indicating congestion have not yet been defined. Our research aims
to demonstrate the correlation between different echocardiographic parameters
and NT-proBNP levels 2300 pg/mlL, the diagnostic threshold for heart failure in
decompensated and hospitalized patients.

Abbreviations: LVEF: Left Ventricular Ejection Fraction;
LA: Left Atrium; LVH: Left Ventricular Hypertrophy;
TAPSE: Tricuspid Annular Plane Systolic Excursion; IVC:
Inferior Cava Vena

Methods: We performed a retrospective observational analysis of M) Check for updates

echocardiographic parameters and NT-proBNP levels from patients admitted to
the cardiology inpatient unit of a tertiary hospital in Madrid, Spain, with a suspected

1 1 J ! @ OPEN ACCESS
diagnosis of decompensated heart failure during 18 months.

Results: A total of 134 patients (68 female) were included. LV thickness, E/E
lat, E/E med, E/E average, S-wave, E-wave, and IVC diameter were significantly
associated with NT-proBNP levels 2300 pg/ml. In contrast, LVEF, A-wave, and TAPSE
were negatively correlated with NT-proBNP levels 2300 g/ml. E/E ratio >15 was
found to be significantly related to NT-proBNP 2300 pg/m & =0.007), with a positive
predictive value of 95%. The model with the highest predictive power for NT-proBNP
levels of 2300 p /ml included LA diameter, Al, E/E mean, S-wave, LV thickness, and
LVEF ((auc 0.88 (0.81 - 0.94)).

Conclusion: Our research presents an accurate model that uses
echocardiographic parameters to predict NT-proBNP 2300 pg/ml, a diagnostic
criterion for heart failure. Strong predictors of NT-proBNP 2300 pg/ml included LA
diameter, A-wave, E/E mean, S-wave, LV thickness, and LVEF. Our research defines
echocardiographic parameters suggestive of cardiogenic pulmonary or systemic
congestion that apply to the complete phenotypical spectrum of heart failure.

definition of heart failure has recently been proposed [2]. To
meetdiagnostic criteria, patients must present symptoms and/
or signs of heart failure caused by a structural or functional
cardiac abnormality. These findings must be corroborated by

Introduction

Heart failure is a common clinical syndrome affecting
approximately 1% - 2% of the adult population in developed

countries, with prevalence rising sharply with age. Global
analyses estimate that more than 60 million people worldwide
live with heart failure, reflecting its increasing burden on
health systems.

As heart failure is a clinical syndrome with a broad range of
underlying aetiologies and pathophysiology, definitions in the
literature vary [1]. To overcome heterogeneities, a universal

https://doi.org/10.29328/journal.jccm.1001222

elevated natriuretic peptide levels or objective evidence of
cardiogenic pulmonary or systemic congestion [2].

Although elevated natriuretic peptide levels (NT-proBNP
> 300 pg/mL or BNP = 100 pg/mL) have been established as
definitiveforconfirmingthediagnosisofheartfailure,thevalues
of echocardiographic parameters indicating congestion have
not yet been defined [2,3]. While several echocardiographic
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parameters such as the E-wave deceleration time, the E/A
ratio, and the E/E’ ratio have been correlated to increased
left ventricular end-diastolic pressure and elevated PCP [4-6],
to the best of our knowledge no studies have focused on the
relationship between different echocardiographic parameters
and natriuretic peptide levels in the context of the proposed
universal definition of heart failure.

Our research aims to demonstrate the correlation between
different echocardiographic parameters and NT-proBNP
levels 2300 pg/mL, which is the diagnostic threshold for heart
failure in decompensated and hospitalized patients [2,4,7].

Methods
Study population

We performed a retrospective observational analysis
including patients admitted to the cardiology inpatient unit or
the emergency department of the General Villalba University
Hospital (Madrid, Spain) with a suspected diagnosis of
decompensated heart failure from January 1%, 2018, to
December 31%, 2022. Patients were included if NT-proBNP
levels and echocardiography had been performed within the
same 24-hour interval during admission. Patients with severe
mitral valve disease or presenting a prosthetic valve were
excluded.

Data were extracted manually from the hospital’s
electronic health record database. Variables included
demographic and clinical characteristics, NTproBNP levels,
and echocardiographic variables including LVEF (left
ventricular ejection fraction), the presence of LVH (left
ventricular hypertrophy), LA (left atrial) diameter, E-wave
and A-wave velocities, E/E’ lat, E/E’ med, E/E’ ratio, S-wave,
TAPSE, and IVC (inferior vena cava) diameter.

NT-proBNP analysis and echocardiography

NT-proBNP levels were measured using the Elecsys®
proBNPII ECLIA electrochemiluminescence immunoassay
(Roche Diagnostics, Rotkreuz). Standard echocardiographic
images were obtained using Philips HD15 ultrasound
machines, using the biplane, M-mode, Pulsed Wave (PW)
Doppler, and Tissue Doppler modalities. Echocardiograms
were performed by 2 members of the cardiac ultrasound team
with more than 20 years of experience.

Statistical analysis

Quantitative variables describing the study population
were expressed as mean and standard deviation (SD) for
normally distributed variables, and median and interquartile
range (IQR) for non-normal variables. Qualitative variables
were described as frequencies and percentages. Spearman’s
correlation coefficient was used to analyze the relationship
between NT-proBNP levels and other quantitative variables.
The Mann-Whitney U test was used to study the relationship
between NT-proBNP levels and qualitative variables.

https://doi.org/10.29328/journal.jccm.1001222
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After analysis of NT-proBNP as a continuous variable, we
compared patients with NT-proBNP levels <300 pg/ml and
2300 pg/mL. Quantitative normally distributed data were
compared using the Student’s T-test. Qualitative data were
compared using the Chi-square test and Fisher’s exact test.
Odds ratios with 95% confidence intervals were calculated.
Logistic regression analysis was performed using a forward
stepwise approach. First, variables were included and
eliminated according to p-values. Then, different combinations
of variables were tested until the best model. Patients with
a diagnosis of atrial fibrillation were excluded from logistic
regression analysis due to missing data for A wave values.
Statistical analysis was performed using SPSS version 29.0.

Approval was obtained from the Fundacion Jiménez Diaz
University Hospital Ethics Board for this study (number
TFG047-23_HGV). Research was carried out according to the
principles of the Declaration of Helsinki.

Results

The study included a total of 134 patients, of whom 68 were
female. Participants’ average age was 72.7 = 13.3 years. The
main characteristics of the study population are summarized
in Table 1. Regarding clinical characteristics, patients’
average glomerular filtrate was 70.2 * 22.7 mL/min/m2.
The most common comorbidities present in our sample
population were hypertension (73%), dyslipidemia (39%),
atrial fibrillation (33%), diabetes mellitus (32.8%), chronic

Table 1: Clinical and echocardiographic characteristics of the study population.

Age 72.7+13.3
Female sex 68 (50.74%)
GF (ml/min/m2) 70.2 £22.7
Hypertension 96 (73.3%)
Diabetes mellitus 43 (32.8%)
Dyslipidemia 51 (38.9%)
Underlying cardiopathy 84 (64.1%)
Chronic renal disease 35 (26.5%)
Atrial fibrillation 43 (32.6%)
BMI > 25 31 (23.5%)
NT-proBNP 838 (170 - 2652)
Echocardiographic measurements
LVEF (%) 56.8+14.8
LVH (mm) 9.46 +1.83
LA (mm) 44.0 £ 6.97
S wave (cm/s) 8.16 £2.73
E wave (cm/s) 0.95+0.27
A wave (cm/s) 0.62 £ 0.47
E/E’lat 10.7 + 4.49
E/E'med 14.1+5.74
E/E’ average 12.3+4.90
TAPSE(mm) 18.8 £3.97
RV S wave (mm) 12.6 +2.96
IVC (mm) 16.7 +3.96

GFR: Glomerular Filtration Rate; BMI: Body Mass Index; LVEF: Left Ventricular Ejection
Fraction; LVH: Left Ventricular Hypertrophy; LA: Left Atrium; TAPSE: Tricuspid
Annular Plane Systolic Excursion; RV: Right Ventricle; IVC: Inferior Vena Cava. Values
are expressed as mean * standard deviation for normally distributed variables and
median [interquartile range] for non-normally distributed variables.
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renal disease (26.5%), and a body mass index (BMI) greater
than 25 (23.5%). Average NT-proBNP level was 838pg/ml
(170-2652). Echocardiographic parameters for our study
population included an average LVEF of 56.8% * 14.8%, a
mean left ventricle thickness of 9.46 mm + 1.83 mm, and an
average LA diameter of 44.0 £ 6.97 mm.

Results of the analysis of NT-proBNP as a continuous
variable and its association with echocardiographic variables
are presented in Table 2. A positive association was observed
between NT-proBNP levels and previous diagnoses of
hypertension (p < 0.001), preexisting cardiopathy (p < 0.001),
chronic renal disease (p = 0.001), and atrial fibrillation
(p < 0.001). Echocardiographic parameters found to be
significantly correlated to NT-proBNP levels included LVH
(R=0.2,p=0.024),LA(R=0.46,p <0.001), E/E lat (R=0.52,
p<0.001),E/E'med (R=0.57,p<0.001),E/E average (R=0.59,
p <0.001), and E-wave (R = 0.45, p < 0.001) (Figure 1). On the
other hand, LVEF, A-wave, TAPSE, and S’-wave values were
found to be negatively correlated with NT-proBNP levels, with
R - values of -0.31, -0.44, -0.40, and -0.27 (p < 0.001).

Of the 134 patients, 95 (71.96%) had NT-proBNP levels
of 2300 pg/ml, the diagnostic threshold for hospitalized
patients with heart failure or those with decompensated
heart failure. Patients with NT-proBNP levels of =300 pg/
ml presented significantly higher rates of comorbidities,
including hypertension, previous cardiopathy, and chronic
renal disease. Regarding echocardiographic parameters and
their relationship to NT-proBNP levels, LV thickness, E/E’
lat, E/E’ med, E/E’ average, S-wave, E-wave and IVC diameter
were significantly associated with NT-proBNP levels =300
pg/ml. In contrast, LVEF, A-wave and TAPSE were negatively
correlated with NT-proBNP levels 2300 pg/ml (Table 3).

E/E’ ratio >15 was found to be significantly related to NT-
proBNP 2300pg/ml (p = 0.007), with a positive predictive
value of 95%. However, two lower cut-off points (E/E’ < 15
and E/E’ <8) failed to prove useful when predicting NT-
proBNP levels < 300 pg/ml (presenting false negative rates of
67% and 52%, respectively).

Table 2: Univariable correlations of echocardiographic parameters with log NT-
proBNP levels.
LVEF -0.31 <0.001
LVH 0.20 0.024
LA 0.46 <0.001
E/E’ lat 0.52 <0.001
E/E’ med 0.57 <0.001
E/E’ average 0.59 <0.001
S wave -0.54 <0.001
E wave 0.45 <0.001
Awave -0.44 <0.001
TAPSE -0.40 <0.001
RV S wave -0.27 0.003
1vC 0.46 <0.001
LVEF: Left Ventricular Ejection Fraction; LVH: Left Ventricular Hypertrophy; LA: Left
Atrium; TAPSE: Tricuspid Annular Plane Systolic Excursion; RV: Right Ventricle; IVC:
Inferior Vena Cava.
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Figure 1: Plot demonstrating the correlation of echocardiographic

parameters with NT-proBNP levels. LVEF, left ventricular eyection fraction;
LVH, left ventricular hypertrophy; LA, left atrium.

Accuracies of different predictive models for NT-proBNP
2300 pg/ml are presented in Table 4. The model including
only echocardiographic variables with the highest predictive
power for NT-proBNP levels of 2300 pg/ml included LA
diameter, A-wave, E/E’ mean, S-wave, LV thickness, and LVEF
((AUC 0.88 (0.81 - 0.94)) (Figure 2).

Discussion

To avoid the heterogeneity and subjectivity of previous
definitions of heart failure, the universal definition of heart
failure requires not only the presence of characteristic signs
and symptoms caused by structural or functional cardiac
abnormalities but also objective evidence of cardiogenic
systemic or pulmonary congestion [2]. While natriuretic
peptide levels supporting the definition of heart failure
have been defined both for ambulatory and hospitalized or
decompensated patients, the values of echocardiographic
parameters indicating elevated filling pressures have
not yet been established for all types of heart failure [3].
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Table 3: Univariable correlations of echocardiographic parameters with NT-proBNP = 300 pg/mL.

NT- proBNP 2 300 pg/ml (n = 95) NtproBNP < 300 pg/ml (n =37) OR (IC95%)

LVEF (%) 54.9 £16.5 61.8+7.38 1.04 (1.01 - 1.08) 0.001

LVH mm 9.7 +1.97 897 +1.28 0.79 (0.61-0.99) 0.022

LA diameter 458+ 6.24 39.3+6.69 0.85(0.78- 0.91) <0.001

Swave (cm/s) 7.75+291 9.19+1.85 1.22 (1.06 - 1.42) 0.001

E wave (m/s) 1.01+0.26 0.78+0.20 0.02 (0.00- 0.11) <0.001

A wave (m/s) 0.50+0.49 0.93+0.22 12.1 (4.19-43.1) <0.001

E/E’Lat 11.6 +4.78 8.24+234 0.76 (0.65, 0.87) <0.001

E/E’ Med 15.4 +6.08 10.7 £ 2.78 0.78 (0.67, 0.88) <0.001

E/E’ Average 13.5+5.13 9.27 +2.41 0.73 (0.62, 0.84) <0.001

TAPSE (mm) 18.0 + 4.06 20.9+2.88 1.22 (1.10 - 1.38) <0.001

RV -S wave (cm/s) 12.3 £3.15 13.4+£2.36 1.13 (0.99 - 1.30) 0.076

IVC (mm) 17.5 +4.06 14.7 £2.94 0.81(0.71- 0.91) <0.001
LVEF: Left Ventricular Ejection Fraction; LVH: Left Ventricular Hypertrophy; LA: Left Atrium; TAPSE: Tricuspid Annular Plane Systolic Excursion; RV: Right Ventricle; IVC: Inferior Vena Cava.

Table 4: Characteristics of different predictive models. NT-proBNP = 300 pg/ml.

Variable Coeficiente Area under ROC-curve (95% CI)

LVEF 0.041 1.042 0.101
Al 0.210 1.234 0.001

Model 1 E! -0.236 0.790 0.033 0.81 (0.79 - 0.84)
S-wave -0.217 0.805 0.058
LA -0.141 0.869 0.002
E/E’average>15 -0.778 0.459 0.300
LVEF 0.039 1.040 0.132
Al 0.222 1.248 0.001

Model 2 - 04183 0.833 0142 0.81 (0.79 - 0.84)
S-wave -0.236 0.790 0.043
LA -0.131 0.877 0.004
LA -0.123 0.884 0.008
At 3.605 1.434 <0.001
E/E"average 215 -4.096 0.017 <0.001

Modelo 3 Siwave -0.484 0.616 0.001 0.86 (0.78 - 0-95)
LVEF 250 2.821 16.79 0.009
LVH -0.502 0.605 0.017
Age -0.200 0.818 0.002
LVEF 0.153 1.166 0.001
Al 4.562 1.578 0.001

Model 4 E! -4.897 0.613 <0.001 0.93(0:89-0.97)
S-wave -0.587 0.556 0.001
LA -0.201 0.818 <0.001
LA -0.143 0.867 0.006
A? 4.191 1.521 <0.001
E/E” average -0.516 0.597 <0.001

Model 5 S-wave -0.752 0.472 <0.001 088 (0.81-094)
LVH -0.556 0.574 0.014
LVEF 0.064 1.066 0.039

LVEF: Left Ventricular Ejection Fraction; LVH: Left Ventricular Hypertrophy; LA: Left Atrium.

Echocardiographic variables have been defined for some

e D T o phenotypic variants of heart failure such as heart failure with
R vl B B o o o preserved LVEF [8], but consensus has not been reached as to
G i A A e parameters corresponding to definition of heart failure [2,3].
— iy, b In previous studies, E/E’ has demonstrated correlation with
T OR associated with an increase of D1 units 35 S0 75 1 12515175 2

o elevated pulmonary capillary pressure [4-6]. However, it has
not been accepted as an indicator of congestion [2,3].

Our study is the first to present a predictive model for

&
E values of NT-proBNP =300 pg/ml (levels supporting the
AUG = 085 diagnosis of heart failure for hospitalized or decompensated
B5%CI = 0.81-0.94 . . P . . .
T e patients) using clinical variables and echocardiographic
1~ Specifioly parameters in the context of the universal definition of heart
score = ~0.143A1 + 41914 — 0516 E/E mean — 0.7525 — 0.556LVThickness + 0.064LVEF +15.27 failure. Variables included in the model included NT-proBNP

S . . ) , )
Figure 2: Central illustration. ROC analysis revealed the reliability of the 2300 pg/ml included LA diameter, A-wave, E/E'mean, S-wave,

final model using age and echocardiographic parameters to predict LV thickness, and LVEF.
NtproBNP2300 pg/ml.ROC receiver operating characteristic; LA, left atrium,

LVEF, left ventricular ejection fraction; LVH left ventricular thickness. Our univariate analysis demonstrated that an elevated
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Doppler E/E’ ratio was associated with NT-proBNP =300 pg/
ml, but this association was not confirmed upon multivariate
analysis. In our univariate analysis, we analyzed E/E’ as a
continuous variable. When we divided our sample into two
groups, those with E/E’ > 15 and those with E/E’ < 15, we found
that an E/E’ ratio > 15 presented a high positive predictive
value for NT-proBNP 2300 pg/ml. It is probable that this ratio
is highly useful in clinical practice to predict heart failure due
to its easily obtainable nature and its high positive predictive
value. Two lower cut-off points (E/E’ < 15 and E/E’ <8) failed
to prove useful when predicting NT-proBNP levels < 300 pg/
ml, Bprobably related to the delay in the decrease in NT-
proBNP levels after diuretic treatment.

In our study, elevated E-wave values are predictive of NT-
proBNP 2300 pg/ml. This finding is in line with other studies
which demonstrate that elevated E wave values are associated
with left ventricle filling velocities and as such, with higher
left atrial pressures and pulmonary capillary pressure [4-
6]. The left atrial diameter, which demonstrated statistical
significance upon multivariant analysis, is associated with
maintained high pressures. LVEF and S-wave values, which
were found to have an inversely proportional relationship
with NT-proBNP levels, are both used in clinical practice
to assess systolic function, and inferior values suggest the
possibility of heart failure.

Our results also demonstrate that including age as a
variable can increase predictive power, as demonstrated in
Model 4. However, as NT-proBNP increases physiologically
with age, we decided to exclude it from the final model
presented in this study.

Since its introduction in the early 1950s, echocardiography
has quickly become a pillar of cardiovascular medicine, with
multiple advantages including its non-invasive nature, safety,
accessibility, and instantly available results. In recent years,
point-of-care echocardiography has become more frequent,
expanding the accessibility of the technique to areas such as
emergency medicine and primary care [9-11]. Natriuretic
peptide levels, while easily available in most tertiary hospitals,
are not always immediately available in smaller centers,
emergency departments, primary care, and outpatient
facilities, pointing to the utility of establishing a correlation
between values of natriuretic peptides indicative of heart
failure and echocardiographic parameters [12,13].

This study presents several limitations. Firstly, our
reference level of NT-proBNP, although proposed by clinical
guidelines and consensus documents to define heart failure in
hospitalized or decompensated patients, has been shown to
have a high negative predictive value, but studies differ as to
its positive predictive value. However, this has not deterred
experts from including these levels as diagnostic criteria for
heart failure [2,3].

Although a formal inter-observer variability analysis was

https://doi.org/10.29328/journal.jccm.1001222
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not systematically performed, measurements were obtained
using standardized acquisition and analysis protocols,
which have been shown to ensure good reproducibility in
previous studies [14]. All echocardiographic measurements
were performed by experienced operators following current
guideline recommendations. Patients with atrial fibrillation
were excluded from the present study because of the
well-known beat-to-beat variability associated with this
arrhythmia, which may significantly affect the accuracy and
reproducibility of several echocardiographic parameters.
Consequently, the results of this study should be primarily
interpreted in patients in sinus rhythm, and further studies
including patients with atrial fibrillation are warranted to
determine whether these findings can be extrapolated to this
population. Previous data have shown that atrial fibrillation
is associated with higher NT-proBNP concentrations even in
the absence of overt heart failure [8]. Excluding patients with
atrial fibrillation therefore allowed us to minimize potential
confounding related to these pathophysiological alterations
and to better isolate the relationships under investigation.
Nevertheless, this exclusion may limit the generalizability of
our findings, as atrial fibrillation is highly prevalent in patients
with occult heart failure with preserved ejection fraction,
independent of other clinical variables [15].

Finally, our predictive model is subject to the conditions of
our study population, and multicenter studies are needed to
confirm its generalizability.

Conclusion

This article reports the correlation between clinical and
echocardiographic parameters and elevated NT-proBNP
levels and presents an accurate predictive model for NT-
proBNP 2300 pg/ml, a diagnostic criterion for heart failure in
hospitalized and decompensated patients. Factors shown to
be highly predictive of NT-proBNP =300 pg/ml included age,
E-wave, A-wave, S-wave, LVEF, and the left atrial diameter.
Our research serves to define echocardiographic parameters
suggestive of cardiogenic pulmonary or systemic congestion,
which can apply to the complete phenotypical spectrum of
heart failure.
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