he 70" 202 INternational Summit on Science Technology and Humanity

JISETH ISETH 2024

- ISSN: 2615-1588 (online)

\

Correlation of NT-pro BNP Levels with Right Ventricular
Parameters in Heart Failure due to Mitral Stenosis

An Aldia Asrial'", Anggit Pudjiasti?

! Department of Cardiology and Vascular Medicine, Faculty of Medicine, Universitas Sebelas Maret, Surakarta, 57126, Central Java,
Indonesia

2 Permata Bunda Hospital, Purwodadi 58114, Central Java, Indonesia

Abstract

Purpose: Mitral stenosis (MS) is a common valvular heart disease that often causes heart failure (HF). The right ventricle (RV) is
frequently involved in MS, which contributes to clinical outcomes in patients. NT-pro BNP (N-terminal pro-B-type natriuretic peptide)
is a widely used biomarker in the diagnosis and prognosis of heart failure. However, its relationship with RV parameters in patients with
HF due to MS remains insufficiently explored. This study aimed to explore the correlation between NT-pro BNP levels and right
ventricular parameters in patients with mitral stenosis.

Methodology: A total of 40 outpatient subjects with severe MS were included in this study. NT-pro BNP examination was performed
using the ELISA method. RV parameter assessment was performed using echocardiography by assessing TAPSE (function) and RV
basal diameter (dimension).

Results: RV function parameters (TAPSE) and NT-pro BNP showed a significant weak correlation (r=0.324; p=0.041). RV dimension
parameters and NT-pro BNP did not show a significant relationship. Patients with RV dysfunction had greater increases in NT-pro BNP
levels compared to patients with normal RV function (6441.25+773.18 vs 7671.87+788.72 pg/mL; p=0.172).
Applications/Originality/Value: Provides valuable insights into the pathophysiology of right heart involvement in MS and provides
clinicians with potential biomarkers for early identification of RV dysfunction in MS patient population.

Introduction

Mitral stenosis (MS) is a valve heart disease commonly found in developing countries (Press and Hoke, 2011;
Watkins et al., 2017). This disease is mainly caused by rheumatic fever, which causes the narrowing of the mitral valve
and progresses to heart failure (Peters et al., 2020). The narrowing of the mitral valve impedes blood flow from the left
atrium to the left ventricle, leading to increased left atrial pressure and subsequent pulmonary hypertension (Silbiger, 2021).
Over time, this increased pressure can lead to right ventricular (RV) dysfunction as the right heart works to cope with the
increased afterload (Goransson et al., 2022; Taamallah et al., 2022).

In individuals with mitral stenosis, right ventricular dysfunction is a significant predictor of morbidity and mortality
(Sari and Soesanto, 2024). In this regard, various biomarkers and imaging modalities are used to assess the right ventricle
dysfunction. Among these biomarkers, N-terminal pro B-type natriuretic peptide (NT-pro BNP) has emerged as a sensitive
indicator of heart failure, reflecting the myocardial stress that occurs during the development of valvular heart disease
(Samiei et al., 2020). The main cause of NT-pro BNP's release is elevated ventricular wall tension, and it may be used as
a noninvasive indicator to assess the degree of heart failure, including right ventricular dysfunction (Pradhan et al., 2020;
Safi et al., 2017).

The relationship between NT-pro BNP levels and RV parameters, including RV size and function remains an area of
ongoing investigation. Several studies have established that elevated NT-pro BNP correlates with poor outcomes in heart
failure and left ventricular dysfunction, its role in predicting RV dysfunction in the context of mitral stenosis is less well
understood. Understanding this correlation may improve clinical decision-making by providing a noninvasive tool to
predict RV involvement and guide treatment strategies in patients with MS.

This study aimed to explore the correlation between NT-pro BNP levels and right ventricular parameters in patients
with MS. By evaluating this relationship, we hope to provide valuable insights into the pathophysiology of right heart
involvement in MS and provide clinicians with a potential biomarker for early identification of RV dysfunction in this
patient population.
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Method

This study included outpatients diagnosed with severe MS due to Rheumatic Heart Disease (RHD) at Panti Rahayu
and Permata Bunda Hospitals in Purwodadi, Indonesia. The following inclusion criteria were used: planimetric mitral valve
area less than 1.5 cm? on echocardiography (Ganesan, 2017; Pandian et al., 2023) with morphology indicating RHD
(calcification and fusion of the valve leaflets and commissures, and limited valve mobility).

This study excluded patients with hemodynamic instability or severe acute decompensation, defined by ascites, signs
and symptoms of cardiogenic/hypovolemic shock, or congestion manifested by crackles in more than one-third of the lung
fields. Patients with other moderate to severe mitral and aortic valve diseases, pregnancy, and lactation were also excluded.

The levels of NT-pro BNP were measured using the enzyme-linked immunosorbent assay (ELISA) technique. This
biomarker examination was conducted at the Sebelas Maret University biomedical laboratory.

The right ventricular parameters measured in this study consisted of RV functional and dimensional parameters. Right
ventricular function was measured using the Tricuspid annular systolic plane excursion (TAPSE) method via
echocardiography. TAPSE is defined as the lateral displacement of the TV annulus during systole by M-mode
echocardiography (Aloia et al., 2016). TAPSE is considered abnormal if the value is <17 mm. TAPSE is closely related to
RV ejection fraction (RVEF) and is a strong prognostic marker in PH and other heart diseases (Aloia et al., 2016). RV
dimension is calculated by measuring the basal diameter of the RV on the apical 4-chamber view on echocardiography,
with normal values being 25—41 mm (Zaidi et al., 2020).

Results and Discussion

This study involved 40 outpatients who met the study criteria. The subjects in this study were mostly female and had
an average age of 52.50 £ 8.85 years. All subjects had atrial fibrillation and high NT-pro BNP levels (6933.5 + 3558.41
pg/mL). Detailed descriptions of the baseline characteristics of the subjects are described in Table 1.

Table 1. Baseline characteristics

Characteristics All subjects (n=40)

Demography and comorbidities
Age, years 52.50+8.85
Female, n (%) 35 (87.5%)
Body Mass Index (BMI), kg/m2 22.01+3.01
Atrial fibrillation (%) 40 (100%)
Hypertension, n (%) 4 (10.0%)
Type 2 diabetes, n (%) 2 (5%)
Coronary artery disease, n (%) 0 (0%)
Smoker, n (%) 3 (7.5%)
Creatinine, mg/dL 1.03+0.44
Estimated glomerular filtration rate (¢GFR), mL/ mL/min/1,73 m2 65.00+25.29
N-terminal prohormone of brain natriuretic peptide (NT-pro BNP), pg/mL 6933.5+3558.41

Echocardiography parameters
MVA planimetry, cm? 0.76+0.13
LA diameter, mm 54.7449.38
RV dimension basal diameter, mm 34.69+£5.76
Left ventricular internal end-diastolic diameter (LVIDd), mm 47.07+6.83
Mean pressure gradient mitral, mmHg 12.81£4.52
Systolic pulmonary artery pressure, mmHg 17.30+5.93
LVEF, % 55.75+9.44
TAPSE, mm 18.11+5.55
Pulmonary hypertension probability (intermediate to high), % 33 (82.5%)
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This study found that there was a significant weak correlation between NT-pro BNP and RV function parameters
(TAPSE). While there was no significant relationship between NT-pro BNP and RV dimension parameters. Detailed
descriptions of correlation between NT-pro BNP and RV function parameters are described in Table 2.

Table 2. Correlation of NT-pro BNP with RV parameters

T p-value
NT-pro BNP with RV dimension -0,149 0.360
NT-pro BNP with TAPSE 0.324 0.041

There was a higher increase in NT-pro BNP levels in the group of patients with RV dysfunction (TAPSE <17 mm)
compared to those with normal RV function (6441.25+773.18 vs 7671.87+788.72 pg/mL) although the value was not
significant (p=0.172). Comparison between groups based on RV function can be seen in figure 1.
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Figure 1. NT-pro BNP levels based on RV functions

It is well recognized that the survival, exercise capacity, and clinical symptoms of patients with mitral stenosis (MS)
are significantly influenced by right ventricular (RV) function. Increased left atrial pressure, alterations in the pulmonary
arteriolar vasculature, rheumatic process, myocardial and hemodynamic variables, pulmonary arterial hypertension, and
right and left ventricular interaction are some of the causes of RV dysfunction (Sari and Soesanto, 2024). These conditions
cause stress on the RV myocardial wall and theoretically will cause an increase in NT-pro BNP levels. This increase in
NT-pro BNP levels should also better reflect the stress conditions in the RV because hemodynamically the Left Ventricular
(LV) in MS is relatively low hemodynamic stress due to blood flow limitation caused by mitral valve stenosis.

However, in this study, only a weak correlation was found in the correlation analysis of NT-pro BNP levels and RV
function through TAPSE examination. Longitudinal RV function parameters such as TAPSE are parameters that are often
affected by increased afterload in rheumatic MS, even before significant pulmonary hypertension appears. This is due to
the dominant longitudinal RV contraction in physiological conditions, so that changes in afterload will have an impact on
RV function (Khan et al., 2019; Ladanyi et al., 2024). However, TAPSE measurement depends on the load and image
angle. In tricuspid regurgitation, pseudo-normalization can also occur due to additional load (Aloia et al., 2016). TAPSE
can only assess the longitudinal function of the RV-free basal wall, and not the global RV function (Damy et al., 2012).
Until now, there is no single parameter that can truly describe the global RV function (Sari and Soesanto, 2024).

This study also found no significant relationship between RV dimensions and NT-pro BNP levels. In addition to
causing hemodynamic stress and leading to impaired function, RV overload conditions due to the MS process in the left
heart will also result in an increase in RV dimensions. However, this was also not proven in this study.

The NT-pro BNP source in MS cases is still being studied. Several recent studies, for example, have revealed that
although the LV does not experience hemodynamic stress, fibrosis was found in the LV wall which could be from the
inflammatory stress process due to RHD (Elen et al., 2018). This stress condition may cause an increase in NT-pro BNP.

According to other studies, NT-pro BNP can be produced in locations other than the myocardial ventricles. Khare and
Dwivedi (2016) discovered a relationship between left atrial dysfunction assessed using tissue doppler-derived strain/strain
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rate (S/Sr) and NT pro BNP levels in patients with mitral stenosis who had percutaneous balloon mitral valvuloplasty
(PMBYV) (Khare and Dwivedi, 2016). From this study, NT-pro BNP level can also be used to predict improvement in left
atrial function after PMBYV. In another study by Inoue et al (2000) in patients with lone atrial fibrillation, it was observed
that NT-pro BNP concentrations were elevated in blood samples collected from the coronary sinus compared to those
obtained from the aorta or the anterior interventricular vein (AIV). The samples from the coronary sinus serve as indicators
of the levels present in the atrium (Inoue et al., 2000). Based on these facts, it is still possible that other components such
as the LV and left atrium play a role in increasing NT-pro BNP levels, so this study only found a weak correlation between
NT-pro BNP levels and RV function. Based on the findings and limitations of this study, it is still necessary to measure
other RV parameters as well as LV and LA parameters for further analysis.

Conclusions

In this study, a significant weak correlation was found between NT-pro BNP values and RV function parameters, but no
correlation was found between NT-pro BNP and RV dimension parameters. Higher levels of NT-pro BNP were found in
patients with decreased RV function, although the values were not significantly different.
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