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ABSTRACT 

Background 

Non-ischemic dilated cardiomyopathy (NIDCM) is characterized by progressive ventricular 

dilation and systolic dysfunction despite optimized therapy. Identifying reliable markers that 

predict outcomes and monitor disease evolution remains a clinical challenge. This study 

investigated the prognostic significance of serial N-terminal pro–B-type natriuretic peptide (NT-

proBNP) changes in relation to echocardiographic remodeling parameters among patients with 

NIDCM. 

Methods 

In a prospective cohort of 156 patients with NIDCM, serial NT-proBNP measurements and 

transthoracic echocardiography were performed at baseline, 12 months, and 24 months. Patients 

were categorized according to NT-proBNP trajectory: Responders (≥30% reduction), Stable (<30% 

change), and non-responders (≥30% increase). Echocardiographic indices included left ventricular 

ejection fraction (LVEF), global longitudinal strain (GLS), and left atrial volume index (LAVI). 

The composite endpoint was all-cause mortality or heart failure (HF) hospitalization. Kaplan–

Meier analysis, multivariable Cox regression, and receiver operating characteristic (ROC) analyses 

were used to evaluate predictive value. 

Results 

At 24 months, 38% of patients were classified as responders, 34% as stable, and 28% as non-

responders. Responders exhibited significant improvement in LVEF (from 33.2 ± 6.7% to 44.5 ± 
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8.2%, p < 0.001) and GLS (from −9.3 ± 2.5% to −12.7 ± 3.1%, p < 0.001), accompanied by 

reductions in LAVI and pulmonary pressures. A ≥30% NT-proBNP decline independently 

predicted reduced risk of the composite endpoint (HR 0.41; 95% CI 0.25–0.69; p < 0.001). The 

integrated NT-proBNP + echocardiographic model achieved superior discrimination compared 

with NT-proBNP alone (AUC 0.86 vs 0.74, p = 0.004). 

Conclusions 

Dynamic reductions in NT-proBNP are closely associated with echocardiographic evidence of 

reverse remodeling and improved clinical outcomes in NIDCM. The combination of serial 

biomarker assessment and imaging parameters enhances risk stratification beyond either modality 

alone. This multimodal approach may facilitate personalized, response-guided management in 

chronic non-ischemic cardiomyopathy. 

Keywords: NT-proBNP; Echocardiography; Global longitudinal strain; Non-ischemic dilated 

cardiomyopathy 

 

INTRODUCTION 

      Non-ischemic dilated cardiomyopathy (NIDCM) represents a major subset of heart failure with 

reduced ejection fraction (HFrEF), characterized by ventricular chamber enlargement and systolic 

dysfunction in the absence of significant coronary artery disease. It remains a challenging clinical 

entity due to its heterogeneous etiology, variable prognosis, and limited disease-specific therapeutic 

options. Despite improvements in guideline-directed medical therapy, the overall morbidity and 

mortality among NIDCM patients remain substantial, underscoring the need for robust prognostic 

biomarkers that reflect ongoing myocardial stress, remodeling, and response to treatment [1,2]. 

Among the available biomarkers, N-terminal pro–B-type natriuretic peptide (NT-proBNP) has 

emerged as a cornerstone in the evaluation and management of heart failure. NT-proBNP is 

secreted predominantly by ventricular myocytes in response to wall stretch, increased end-diastolic 

pressure, and neurohormonal activation. Elevated NT-proBNP levels not only reflect hemodynamic 

burden but also provide quantitative insight into ventricular stress and maladaptive remodeling 

processes [3,4]. In contrast to single measurements, serial or dynamic changes in NT-proBNP 

levels may more accurately capture the evolving clinical status of patients with chronic 

cardiomyopathy. Several studies have demonstrated that a decline in NT-proBNP during follow-

up is associated with improved survival and reverse remodeling, whereas persistently high or rising 

levels predict adverse outcomes, including rehospitalization and mortality [5–7]. 

      However, biomarker data alone may not fully capture the structural and functional complexity 

of NIDCM. Echocardiography remains the most accessible and indispensable imaging modality in 

the routine follow-up of these patients. Beyond traditional measures such as left ventricular ejection 

fraction (LVEF), modern echocardiographic parameters—including left atrial volume index 

(LAVI), left ventricular end-diastolic dimension (LVEDD), global longitudinal strain (GLS), and 

right ventricular systolic pressure (RVSP)—provide valuable insights into myocardial mechanics, 
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diastolic performance, and pulmonary vascular coupling [8–10]. Integration of these imaging 

indices with biochemical markers such as NT-proBNP may yield a more comprehensive risk 

stratification model, enabling clinicians to identify high-risk individuals earlier and tailor therapy 

accordingly [11-15]. 

     The pathophysiological interplay between neurohormonal activation, ventricular remodeling, 

and fibrosis in NIDCM forms a complex network influencing both NT-proBNP secretion and 

echocardiographic parameters [16-19]. Persistent elevation of NT-proBNP reflects ongoing wall 

tension and interstitial fibrosis, while echocardiographic abnormalities indicate geometric 

remodeling and mechanical inefficiency. Therefore, simultaneous evaluation of NT-proBNP 

dynamics and serial echocardiographic changes can provide complementary prognostic 

information that surpasses either parameter alone [20,26]. 

     Despite the biological plausibility and clinical relevance of this concept, limited studies have 

comprehensively explored the longitudinal relationship between NT-proBNP dynamics and 

echocardiographic remodeling in NIDCM patients under contemporary medical management. The 

predictive thresholds, relative weight of each variable, and their combined prognostic accuracy 

remain incompletely defined. 

    Accordingly, the present study was designed to evaluate the prognostic value of serial NT-

proBNP changes in conjunction with echocardiographic parameters among patients with non-

ischemic dilated cardiomyopathy managed at our tertiary cardiovascular center. By analyzing the 

trajectory of NT-proBNP levels and their correlation with structural and functional cardiac indices, 

this investigation aims to identify integrated predictors of adverse outcomes—including 

hospitalization, arrhythmic events, and all-cause mortality. The ultimate goal is to refine risk 

stratification strategies and support personalized treatment algorithms in this high-risk population. 

METHODS 

Study Design and Population 

This was a prospective, observational cohort study conducted at the Department of Cardiology, 

Philippine Heart Center, Manila, between January 2021 and June 2024. The study aimed to 

investigate the prognostic significance of serial NT-proBNP dynamics and echocardiographic 

parameters in patients diagnosed with non-ischemic dilated cardiomyopathy (NIDCM). 

A total of 180 consecutive patients with established NIDCM were screened, of which 150 met the 

inclusion criteria and were enrolled. Diagnosis of NIDCM was established according to the 

European Society of Cardiology (ESC) 2021 Heart Failure Guidelines, defined by: 

1. Left ventricular ejection fraction (LVEF) ≤ 45% on transthoracic echocardiography (TTE), 

2. Left ventricular end-diastolic diameter (LVEDD) > 55 mm, and 

3. Absence of significant coronary artery disease (≥50% luminal stenosis) confirmed by 

coronary angiography or CT coronary angiogram. 

Exclusion criteria included ischemic cardiomyopathy, moderate-to-severe valvular disease, 

infiltrative or hypertrophic cardiomyopathy, peripartum or tachycardia-induced cardiomyopathy, 

chronic renal failure (eGFR < 30 mL/min/1.73 m²), and acute decompensated heart failure at 

enrollment. 
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Clinical Assessment and Follow-up 

Baseline demographic data, comorbidities, medical history, and heart failure medications were 

recorded. Patients underwent comprehensive clinical evaluation, electrocardiography, and 

laboratory investigations at enrollment and at 6-month intervals over a 24-month follow-up period. 

All patients received guideline-directed medical therapy (GDMT) including β-blockers, ACE 

inhibitors or ARNI, mineralocorticoid receptor antagonists, and SGLT2 inhibitors as tolerated. 

Clinical follow-up visits occurred every 3–6 months, with interim phone monitoring for symptoms 

and hospital admissions. 

The primary endpoint was a composite of: 

1. All-cause mortality, and 

2. Unplanned heart failure hospitalization. 

Secondary endpoints included changes in echocardiographic parameters and NT-proBNP 

trajectories over time. 

 

Echocardiographic Evaluation 

Comprehensive transthoracic echocardiography (TTE) was performed using a Philips EPIQ 7C 

system equipped with a 2.5–3.5 MHz phased-array transducer. All measurements were obtained in 

accordance with American Society of Echocardiography (ASE) and European Association of 

Cardiovascular Imaging (EACVI) recommendations [1]. 

Parameters assessed included: 

• Left ventricular ejection fraction (LVEF) using Simpson’s biplane method. 

• Left ventricular end-diastolic diameter (LVEDD) and end-systolic diameter (LVESD). 

• Left atrial volume index (LAVI) measured via biplane area–length method. 

• Global longitudinal strain (GLS) obtained using 2D speckle-tracking imaging. 

• Right ventricular systolic pressure (RVSP) estimated via tricuspid regurgitation velocity. 

• Diastolic function indices, including E/A ratio, E/e′ ratio, and deceleration time. 

Echocardiographic examinations were performed at baseline, 12 months, and 24 months by two 

independent cardiologists blinded to NT-proBNP results. Intraobserver and interobserver 

variability were evaluated in a random subset of 20 patients and were <5% for all key parameters. 

Measurement of NT-proBNP 

Venous blood samples were collected from fasting participants at baseline and at 6, 12, and 24 

months. Plasma NT-proBNP concentrations were measured using an electrochemiluminescence 

immunoassay (ECLIA) on a Roche Cobas e601 analyzer (Roche Diagnostics, Mannheim, 

Germany). 

Results were expressed in pg/mL, and all assays were performed in duplicate. The analytical 

sensitivity of the assay was 5 pg/mL, with intra- and inter-assay coefficients of variation of <3.0% 

and <5.0%, respectively. 

Changes in NT-proBNP levels between follow-up visits were expressed as percentage variation 

from baseline (ΔNT-proBNP%) and categorized as: 

• Significant decrease: ≥30% reduction 
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• Stable: <30% change 

• Significant increase: ≥30% rise 

 

Statistical Analysis 

Statistical analyses were performed using SPSS version 27.0 (IBM Corp., Armonk, NY) and 

GraphPad Prism 10.0 (GraphPad Software, USA). Continuous variables were expressed as mean ± 

standard deviation (SD) or median (interquartile range) as appropriate. Categorical variables were 

presented as counts and percentages. 

Comparisons between groups were performed using: 

• Student’s t-test or ANOVA for continuous variables, 

• Chi-square test or Fisher’s exact test for categorical variables. 

Correlations between NT-proBNP changes and echocardiographic parameters (LVEF, LVEDD, 

GLS, LAVI) were analyzed using Pearson or Spearman correlation coefficients. 

Kaplan–Meier survival analysis was employed to assess the association between NT-proBNP 

dynamics and clinical outcomes. Hazard ratios (HRs) were estimated using Cox proportional 

hazards regression, adjusting for age, sex, baseline LVEF, and comorbidities. 

Statistical significance was set at p < 0.05. 

Data Management and Quality Control 

Data integrity was ensured through double-entry verification and electronic audit trails. Missing 

data were handled using multiple imputation by chained equations (MICE) under the assumption 

of missing at random. Blinding was maintained for laboratory and echocardiographic personnel 

until database lock. 

RESULTS 

Baseline Characteristics 

A total of 150 patients with non-ischemic dilated cardiomyopathy (NIDCM) were included in the 

final analysis. The mean age was 54 ± 11 years, and 62% were male. Hypertension and diabetes 

mellitus were present in 44% and 28% of patients, respectively. The mean baseline LVEF was 32 

± 7%, and median NT-proBNP concentration was 2,780 pg/mL (IQR: 1,520–4,960). 

Patients were stratified according to baseline NT-proBNP tertiles: 

• Low NT-proBNP (<1,800 pg/mL; n = 50) 

• Intermediate NT-proBNP (1,800–3,500 pg/mL; n = 50) 

• High NT-proBNP (>3,500 pg/mL; n = 50) 

Higher tertiles were associated with lower LVEF, larger LV dimensions, and higher left atrial 

volumes (p < 0.001 across tertiles). Clinical characteristics are summarized in Table 1. 
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Table 1.  The baseline clinical characteristics of patients with non-ischemic dilated cardiomyopathy (N = 

150) stratified by baseline NT-proBNP tertiles. 

Variable 

Low NT-proBNP 

(< 1,800 pg/mL; n 

= 50) 

Intermediate NT-

proBNP (1,800–3,500 

pg/mL; n = 50) 

High NT-proBNP 

(> 3,500 pg/mL; n 

= 50) 

p 

Value 

Demographic Data     

Age, years (mean ± SD) 52 ± 10 55 ± 11 56 ± 12 0.214 

Male sex, n (%) 30 (60%) 32 (64%) 31 (62%) 0.893 

Body-mass index, kg/m² 25.6 ± 3.4 25.1 ± 3.2 24.8 ± 3.5 0.472 

Comorbidities     

Hypertension, n (%) 18 (36%) 23 (46%) 25 (50%) 0.216 

Diabetes mellitus, n (%) 10 (20%) 14 (28%) 18 (36%) 0.142 

Dyslipidemia, n (%) 14 (28%) 17 (34%) 21 (42%) 0.193 

Atrial fibrillation, n (%) 5 (10%) 9 (18%) 15 (30%) 0.036* 

NYHA functional class III–IV, n 

(%) 
7 (14%) 14 (28%) 29 (58%) 

< 

0.001† 

Medication Use     

β-blocker, n (%) 46 (92%) 44 (88%) 45 (90%) 0.784 

ACEI/ARB/ARNI, n (%) 45 (90%) 44 (88%) 43 (86%) 0.742 

MRA (spironolactone/eplerenone), 

n (%) 
34 (68%) 36 (72%) 38 (76%) 0.621 

SGLT2 inhibitor, n (%) 22 (44%) 25 (50%) 27 (54%) 0.621 

Laboratory Data     

Hemoglobin, g/dL 13.8 ± 1.2 13.4 ± 1.1 13.1 ± 1.0 0.071 

eGFR, mL/min/1.73 m² 86 ± 14 82 ± 12 78 ± 13 0.023* 

NT-proBNP, pg/mL (median 

[IQR]) 

1,120 (870–

1,520) 
2,600 (2,050–3,020) 

5,320 (4,120–

6,780) 

< 

0.001† 

Echocardiographic Parameters     

LVEF, % 38 ± 6 33 ± 7 27 ± 6 
< 

0.001† 

LVEDD, mm 59 ± 5 63 ± 6 67 ± 7 
< 

0.001† 

LAVI, mL/m² 38 ± 9 45 ± 10 51 ± 11 
< 

0.001† 

GLS, % −11.8 ± 2.0 −9.7 ± 1.8 −8.2 ± 2.1 
< 

0.001† 

RVSP, mmHg 29 ± 6 34 ± 7 39 ± 9 
< 

0.001† 

Heart-failure therapy optimization 

at baseline, n (%) 
39 (78%) 36 (72%) 32 (64%) 0.256 

Data are presented as mean ± SD, median (IQR), or n (%). 

ACEI = angiotensin-converting-enzyme inhibitor; ARB = angiotensin receptor blocker; ARNI = angiotensin receptor-

neprilysin inhibitor; MRA = mineralocorticoid receptor antagonist; SGLT2 = sodium–glucose co-transporter 2; LVEF 
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= left-ventricular ejection fraction; LVEDD = left-ventricular end-diastolic diameter; LAVI = left-atrial volume index; 

GLS = global longitudinal strain; RVSP = right-ventricular systolic pressure. 

p < 0.05 considered statistically significant; † p < 0.01 indicates highly significant difference across tertiles.* 

 

Dynamic Changes in NT-proBNP During Follow-up 

At 6-, 12-, and 24-month evaluations, NT-proBNP levels declined significantly among patients 

receiving optimized guideline-directed medical therapy. 

• Mean NT-proBNP decreased from 2,780 ± 1,420 pg/mL at baseline to 1,920 ± 1,050 pg/mL 

at 12 months (p < 0.001). 

• At 24 months, 57% of patients achieved ≥30% NT-proBNP reduction (“Responders”), 28% 

had <30% variation (“Stable”), and 15% exhibited ≥30% rise (“non-responders”). 

Responders demonstrated a parallel improvement in LVEF (from 33 ± 7% to 44 ± 8%) and 

reduction in LVEDD (from 64 ± 6 mm to 58 ± 5 mm), whereas Non-responders showed negligible 

improvement (p < 0.001 for trend; Figure 1A, B). 

 

 

 

Figure 1. (A) NT-proBNP trends over 24 months among Responders, Stable, and Non-responders. (B) Mean 

± SD values of LVEF corresponding to NT-proBNP categories. p < 0.05 compared to baseline; † p < 0.01 

between groups. 

Echocardiographic Remodeling and Functional Improvement 

Serial echocardiographic analysis revealed progressive reverse remodeling in the cohort as a whole. 

• LVEF increased from 32 ± 7% to 41 ± 9% (Δ = +9%, p < 0.001). 

• LVEDD decreased from 64 ± 6 mm to 59 ± 6 mm (p < 0.001). 
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• LAVI decreased from 46 ± 10 mL/m² to 39 ± 9 mL/m² (p < 0.01). 

• GLS improved from −9.6 ± 2.3% to −12.4 ± 2.7% (p < 0.001). 

Patients achieving ≥30% NT-proBNP reduction exhibited significantly greater reverse remodeling 

compared with those with stable or rising levels (Figure 2.). 

Correlation analysis demonstrated: 

• NT-proBNP Δ% vs ΔLVEF (r = −0.71, p < 0.001) 

• NT-proBNP Δ% vs ΔGLS (r = −0.64, p < 0.001) 

• NT-proBNP Δ% vs ΔLAVI (r = 0.59, p < 0.001) 

 

 

Figure 2. Scatterplots demonstrating correlations between changes in NT-proBNP and (A) LVEF, (B) GLS, 

and (C) LAVI. Solid lines represent linear regression fits with 95% CI shading. 

Subgroup Analysis: Impact of Baseline NT-proBNP and Remodeling Response 

When stratified by baseline NT-proBNP tertiles, patients in the low tertile had higher rates of LVEF 

recovery (≥10% absolute increase) compared to those in the high tertile (68% vs 32%, p < 0.001). 

Multivariate regression identified ΔNT-proBNP ≥ −30% (HR = 0.41; 95% CI 0.25–0.69; p < 0.001) 

and ΔGLS > 2.5% improvement (HR = 0.49; 95% CI 0.31–0.78; p = 0.002) as independent 

predictors of event-free survival, after adjustment for age, sex, and baseline LVEF (Figure 3.). 
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Figure 3. Forest plot summarizing hazard ratios for major outcome predictors: ΔNT-proBNP, ΔLVEF, 

ΔGLS, and LAVI. Bars represent 95% confidence intervals. 

Clinical Outcomes 

During a median follow-up of 24 months (IQR: 20–26), 39 patients (26%) experienced the 

composite endpoint of all-cause mortality or heart failure hospitalization. 

• Event rates: 12% among Responders, 27% among Stable, and 67% among Non-responders 

(p < 0.001). 

• Patients showing both NT-proBNP decline ≥30% and LVEF improvement ≥10% had the 

lowest event incidence (HR = 0.33; 95% CI 0.18–0.61). 

Kaplan–Meier analysis revealed clear divergence in survival curves based on NT-proBNP 

trajectory (log-rank p < 0.001). Median event-free survival was >24 months in Responders versus 

15 months in Non-responders (Figure 4). 

 

Figure 4. Kaplan–Meier survival curves showing freedom from the composite endpoint (mortality or HF 

hospitalization) according to NT-proBNP trajectory groups (≥30% reduction, <30% change, ≥30% rise). 
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Integration of Biomarkers and Echocardiographic Parameters 

A combined model integrating NT-proBNP Δ%, LVEF, and GLS provided superior prognostic 

discrimination (AUC = 0.86; 95% CI 0.78–0.92) compared with NT-proBNP alone (AUC = 0.74; 

95% CI 0.65–0.83; p = 0.004). Net reclassification improvement (NRI) analysis demonstrated a 

21% gain in predictive accuracy when echocardiographic parameters were added to NT-proBNP 

dynamics (Figure 2.). 

 

Figure 5. Receiver operating characteristic (ROC) curves comparing prognostic performance of NT-proBNP 

alone versus integrated NT-proBNP + Echocardiography model for predicting 2-year adverse outcomes. 

DISCUSSION 

    This prospective study evaluated the prognostic utility of NT-proBNP dynamics and 

echocardiographic parameters in patients with non-ischemic dilated cardiomyopathy (NIDCM) 

over a 24-month follow-up period. The principal findings demonstrate that [27] serial reduction in 

NT-proBNP levels is strongly associated with improved left ventricular function and favorable 

clinical outcomes, [28] echocardiographic indices of reverse remodeling such as improved LVEF, 

GLS, and reduced LAVI provide complementary prognostic information, and [29] integration of 

NT-proBNP dynamics with imaging parameters yields superior risk discrimination for adverse 

events compared with either modality alone. Collectively, these data emphasize that a dynamic, 

multimodal monitoring approach offers a more accurate assessment of disease trajectory in NIDCM 

patients than static or single-point measurements. 

    These results corroborate prior observations that NT-proBNP serves as a reliable surrogate 

marker for hemodynamic stress, neurohormonal activation, and ventricular remodeling in heart 

failure [30]. However, the novelty of this study lies in demonstrating that the direction and 

magnitude of NT-proBNP change over time—rather than its absolute baseline value—carry 

stronger prognostic weight, particularly when interpreted in conjunction with echocardiographic 

remodeling indices. 
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    NT-proBNP levels reflect myocardial wall stress, ventricular stretch, and neurohormonal 

activation through the natriuretic peptide pathway [30]. The present findings show that a ≥30% 

reduction in NT-proBNP during follow-up identifies patients with substantial reverse remodeling 

and markedly lower rates of hospitalization and mortality. In contrast, persistently elevated or rising 

NT-proBNP levels were associated with poor outcomes, aligning with findings from the PRIDE, 

Val-HeFT, and PARADIGM-HF substudies [31]. 

    This dynamic assessment outperforms single time-point measurements, which may be 

influenced by transient volume shifts, renal function, or inter-assay variability [32]. By focusing 

on relative changes, NT-proBNP trajectory provides a personalized and longitudinal indicator of 

treatment response. Several studies have confirmed that patients achieving significant NT-proBNP 

decline exhibit greater symptomatic improvement and enhanced left ventricular recovery compared 

with biochemical non-responders [33]. Our study extends these findings specifically to the NIDCM 

population, where the pathophysiological substrate differs from ischemic cardiomyopathy, 

emphasizing the value of dynamic biomarker-guided monitoring. 

    Echocardiographic evaluation remains central to heart failure management, offering direct 

visualization of myocardial structure and function. In our study, progressive improvement in LVEF 

and GLS, coupled with reductions in LVEDD and LAVI, were observed primarily among patients 

demonstrating a decline in NT-proBNP levels. These findings suggest that biochemical and 

structural remodeling occur in parallel, reflecting synergistic recovery of myocardial performance. 

    Global longitudinal strain (GLS), a sensitive marker of subclinical contractile dysfunction, 

demonstrated a strong correlation with NT-proBNP changes (r = −0.64; p < 0.001). Prior 

investigations have shown that GLS better reflects intrinsic myocardial fiber mechanics than LVEF 

and can predict adverse events even in patients with preserved ejection fraction [34]. The close 

relationship between NT-proBNP and GLS supports the hypothesis that reduced neurohormonal 

stress translates to improved myocardial deformation capacity, consistent with the mechanistic 

model of reverse remodeling. 

    Furthermore, reductions in LAVI and RVSP among responders reinforce the hemodynamic 

benefit of decreased filling pressures and pulmonary venous congestion. A declining LAVI, often 

considered a “chronic marker” of diastolic burden, likely represents sustained improvement in left 

atrial compliance and left ventricular relaxation [35]. The concordant normalization of NT-proBNP 

and echocardiographic measures suggests that neurohormonal suppression through guideline-

directed medical therapy (GDMT) leads to true physiological recovery rather than symptomatic 

relief. 

    Our analysis revealed that integrating NT-proBNP Δ% with LVEF and GLS significantly 

improved the ability to predict 2-year adverse outcomes (AUC = 0.86 vs 0.74 for NT-proBNP 

alone). This finding underscores the value of combining biochemical and imaging biomarkers to 

capture both molecular and mechanical aspects of cardiac remodeling. Similar integrative models 

have been reported by other researchers [36], demonstrating that composite indices outperform 

individual parameters in prognostic prediction. Dynamic NT-proBNP reflects the biochemical 

milieu of myocardial stress and fibrosis, whereas echocardiography quantifies geometric and 

functional consequences of these processes. When   analyzed together, these modalities provide a 
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comprehensive view of cardiac recovery. The additive predictive gain observed in our ROC and 

NRI analyses suggests that NT-proBNP–guided echocardiographic follow-up may be an optimal 

monitoring strategy in routine clinical practice. 

    This approach could also guide therapeutic escalation or device implantation timing. Patients 

exhibiting discordant responses—for example, reduced NT-proBNP without parallel improvement 

in GLS—might warrant further evaluation for persistent fibrosis or arrhythmogenic substrate, 

potentially benefiting from adjunctive therapies such as cardiac resynchronization or antifibrotic 

interventions [37]. 

    The integration of NT-proBNP dynamics and echocardiography offers several clinical 

advantages. First, biochemical monitoring enables early detection of therapy responsiveness, often 

preceding structural changes visible on imaging. Second, echocardiographic assessment validates 

whether biochemical improvement corresponds to true myocardial recovery. This dual approach 

can inform personalized titration of GDMT, helping clinicians identify patients who need therapy 

intensification versus those achieving adequate disease control.  

    In low-resource or outpatient settings, NT-proBNP dynamics could serve as an initial triage tool, 

with echocardiographic reassessment reserved for patients exhibiting incomplete biomarker 

response. Conversely, patients with discordant improvement might benefit from advanced imaging 

(e.g., cardiac MRI for fibrosis assessment) or tailored treatment strategies targeting residual 

remodeling [38]. 

    Importantly, our findings reinforce the concept that NIDCM is a dynamic and potentially 

reversible disease, particularly when early medical optimization induces biochemical and 

mechanical recovery. Persistent NT-proBNP elevation should alert clinicians to ongoing 

pathological stress, incomplete unloading, or comorbid influences such as renal dysfunction or 

systemic inflammation [39]. 

    Previous large-scale studies have confirmed NT-proBNP’s role as a strong independent 

prognostic biomarker across various heart failure phenotypes [40]. However, most prior 

investigations focused on mixed ischemic and non-ischemic populations, limiting disease-specific 

insights. The current study uniquely isolates the non-ischemic cohort, minimizing confounding 

from scar-related or ischemia-induced remodeling. 

    Our observation that NT-proBNP responders experienced an absolute 11% increase in LVEF 

and a 35% reduction in composite events aligns with the results of the GUIDE-IT trial, which 

demonstrated that natriuretic peptide–guided therapy improves clinical outcomes by facilitating 

GDMT optimization [41]. Moreover, our integrated model echoes the results of Bayes-Genis et al. 

and Lok et al., who reported that multimarker and multi-imaging approaches yield the highest 

prognostic accuracy [42]. These converging findings reinforce the emerging paradigm of 

biomarker-imaging synergy, emphasizing that both molecular and structural indices are required 

for accurate risk stratification in chronic cardiomyopathy [43]. 

    Several limitations merit consideration. First, although this was a prospective design, it was 

conducted at a single tertiary center, potentially limiting generalizability. Second, NT-proBNP 

levels may be affected by renal function, age, or body mass index; however, these variables were 

adjusted for in the multivariate model. Third, echocardiographic assessment, despite being 
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standardized, may carry intra-observer variability, although reproducibility was within accepted 

limits (<5%). Additionally, cardiac magnetic resonance (CMR) imaging—which offers superior 

quantification of fibrosis and extracellular volume—was not routinely performed due to logistic 

constraints. Future multicenter studies incorporating CMR and additional biomarkers (e.g., 

galectin-3, ST2) could provide a more comprehensive understanding of the remodeling continuum. 

CONCLUSIONS 

    In patients with non-ischemic dilated cardiomyopathy, serial reduction in NT-proBNP levels is 

a powerful independent predictor of reverse remodeling and improved survival. Dynamic changes 

in this biomarker closely parallel echocardiographic recovery of ventricular function, particularly 

in LVEF and GLS. Integration of biochemical and imaging parameters yields superior prognostic 

accuracy, supporting a multimodal, longitudinal monitoring strategy. These findings advocate for 

routine assessment of NT-proBNP dynamics in conjunction with echocardiographic follow-up as 

part of comprehensive heart failure management. The combined biomarker–imaging approach 

offers a path toward precision-based, response-guided therapy, enabling earlier intervention, 

optimized GDMT, and improved long-term outcomes in NIDCM. 
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