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Abstract 

Heart Failure (HF) continues to present a significant healthcare challenge globally, with early identification remaining critical to reducing morbidity 
and mortality. This study aimed to validate the Heart Failure Predictor (HFP) algorithm, an AI-based tool that predicts both Heart Failure with 
Reduced Ejection Fraction (HFrEF) and Heart Failure with Preserved Ejection Fraction (HFpEF) using data from a 12-lead ECG. Conducted across 
multiple cities in India, we evaluated HFP’s predictive performance using 400 standard 12-lead ECGs and 396 hand-held device ECGs, with results 
compared to 2D Echocardiography and NT-proBNP levels as benchmarks. For 12-lead ECGs, HFP achieved a specificity of 98.48% and sensitivity of 
95.77%, while the hand-held ECGs showed a specificity of 95.37% and sensitivity of 84.72%. These findings support HFP’s application as a reliable 
screening tool for both HFrEF and HFpEF, enabling preventive intervention and potentially transforming heart failure management into diverse 
healthcare settings.

Introduction 
Heart Failure (HF), encompassing both Heart Failure with Re-

duced Ejection Fraction (HFrEF) and Heart Failure with Preserved 
Ejection Fraction (HFpEF), is a leading cause of cardiovascular mor-
bidity and mortality worldwide. Traditional diagnostic approaches 
are limited by the need for repeated imaging and laboratory tests, 
which are costly and often inaccessible in low-resource settings [1]. 
The Heart Failure Predictor (HFP) [2] was developed to predict HF 
risk using only 12-lead ECG data, making it a potentially transfor-
mative tool for early HF prediction and intervention, particularly in 
underserved areas.

Objectives
The primary objective of this study was to validate the predic-

tive performance of HFP in identifying both HFrEF and HFpEF in 
real-world clinical settings. Specifically, the study aimed at:

i.	 Evaluate the sensitivity and specificity of HFP for predict-
ing HFrEF and HFpEF.

ii.	 Assess HFP’s feasibility as a routine predictive screening 
tool in diverse healthcare environments.

iii.	 Correlate HFP-predicted outcomes with established HF 
markers, including 2D Echocardiography and NT-proBNP [3].

Methodology
Study Design

This prospective observational study was conducted across 
multiple clinical sites in different cities in India to validate the Heart 
Failure Predictor (HFP) algorithm’s predictive accuracy for Heart 
Failure with Reduced Ejection Fraction (HFrEF) and Heart Failure 
with Preserved Ejection Fraction (HFpEF).

Population

The study included adults aged 30–85, both symptomatic and 
asymptomatic, with and without known Heart Failure (HF) risk 
factors, ensuring a broad demographic and clinical sample. To en-
sure generalizability, performance metrics were calculated across 
various demographic groups, including age, sex, and comorbidities 
like hypertension and diabetes. External validation is planned with 
more diverse cohorts.

Sample Size

A total of 796 ECGs were analyzed, comprising 400 12-lead 
ECGs and 396 hand-held device ECGs, collected from diverse clini-
cal sites in India to ensure representative variability in patient de-
mographics.
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Data Collection

Each participant underwent either a 12-lead ECG or a hand-
held device ECG. HFP predictions were generated based on the ECG 
data alone, categorizing patients with positive predictions as hav-
ing “Impending Heart Failure” or “Ray’s disease” and the negative 
predictions as “Low Risk” For validation, these predictions were 
correlated with outcomes from 2D Echocardiography and NT-proB-
NP measurements, providing clinical confirmation of HFP’s predic-
tive capability.

Data Analysis

The performance of the HFP algorithm was measured in terms 
of sensitivity, specificity, Positive Predictive Value (PPV), and Neg-
ative Predictive Value (NPV) for both 12-lead and hand-held ECGs. 
Results included:

i.	 12-lead ECGs: Specificity 98.48%, Sensitivity 95.77%

ii.	 Hand-held device ECGs: Specificity 95.37%, Sensitivity 
84.72%

ROC curve analysis was conducted to assess the discriminative 

accuracy of HFP predictions for both device types, supporting the 
evaluation of HFP’s clinical utility in diverse settings.

Results
12-Lead ECG Performance

For the 400 12-lead ECGs analyzed, the HFP algorithm demon-
strated the following results:

i.	 Sensitivity: 95.77%-effectively identifying patients at risk 
for HFrEF and HFpEF.

ii.	 Specificity: 98.48%-accurately classifying low-risk pa-
tients.

iii.	 Positive Predictive Value (PPV): 93.15%-confirming that 
most positive predictions correspond to actual high-risk cases.

iv.	 Negative Predictive Value (NPV): 99.08%-indicating that 
nearly all negative predictions accurately identified low-risk pa-
tients.

v.	 Area Under the Curve (AUC): 0.995-reflecting excellent 
discriminative ability in distinguishing between high-risk and low-
risk patients (Figure 1).

Figure 1: 

Hand-Held Device ECG Performance 

For the 396 hand-held device ECGs, the algorithm showed the 
following results:

i.	 Sensitivity: 84.72%-demonstrating reasonable accuracy 
in identifying high-risk cases.

ii.	 Specificity: 95.37%-effectively classifying low-risk pa-
tients in mobile settings.

iii.	 Positive Predictive Value (PPV): 80.26%-indicating that a 
substantial proportion of positive predictions were accurate.

iv.	 Negative Predictive Value (NPV): 96.56%-suggesting a 
high accuracy in identifying low-risk individuals.

v.	 Area Under the Curve (AUC): 0.978-demonstrating strong 
overall predictive capability, though it is slightly lower than the 12-
lead ECG performance (Figure 2).
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Figure 2:

Comparative Analysis 

The 12-lead ECG data outperformed hand-held device ECGs in 
all performance metrics, reflecting higher accuracy and reliability 
for clinical settings where full 12-lead equipment is available. How-
ever, the hand-held ECGs still demonstrated good predictive accura-
cy, indicating potential use in remote or resource-limited settings. 
The strong alignment of HFP predictions with 2D Echocardiogra-
phy and NT-proBNP outcomes validated the algorithm’s capability 
to predict both HFrEF and HFpEF effectively.

Comorbid Conditions Among Patients with 
Ray’s Disease

The prevalence of various comorbid conditions was examined 
among patients classified by HFP as having “Ray’s Disease.” This 
assessment provided insight into the comorbid profile of high-risk 
patients compared with prevalence rates in the general population. 
The results are summarized below (Table 1).

Table 1: 

Condition Percentage Amongst Patients with Ray’s Disease Percentage in General Population

Hypertension (HTN) 71% 40 - 45%

Diabetes Mellitus 39% 10 - 12%

Hyperlipidemia 53% 12 - 15%

Obesity 32% 35 - 40%

Thyroid Dysfunction 18% 5 - 10%

Anemia 34% 5 - 10%

Coronary Artery Disease 52% 5 - 10%

Atrial Fibrillation 37% 1 - 2%

Valvular Heart Disease 18% 2 - 3%

Chronic Kidney Disease 41% 15 - 20%

Chronic Obstructive Pulmonary Disease (COPD) 20% 6 - 8%

Sleep Apnea 11% 3 - 7%

Liver Cirrhosis 9% 0.25 - 0.4%

Cardiotoxic Medications 16% 10 - 20%

Alcohol/Substance Abuse 19% 5 - 6%

Stress or Depression 28% 8 - 10%
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This comparison highlights the increased prevalence of con-
ditions such as hypertension, coronary artery disease, and atrial 
fibrillation among patients diagnosed with Ray’s Disease compared 
to the general population. These findings provide valuable insights 
into the comorbidity burden associated with Ray’s Disease, sup-
porting HFP’s utility in identifying high-risk groups for targeted, 
preventive management.

Discussion
The Heart Failure Predictor (HFP) provides a promising ap-

proach to early heart failure (HF) risk prediction, specifically tar-
geting both heart failure with reduced ejection fraction (HFrEF) 
and Heart Failure with Preserved Ejection Fraction (HFpEF). By 
analyzing ECG data alone, HFP enables non-invasive, predictive risk 
assessment, allowing clinicians to identify patients at high risk for 
HF up to three months in advance. Patients identified as high risk 
by HFP are classified as having “Impending Heart Failure” or “Ray’s 
Disease,” indicating their need for close monitoring and potential in-
tervention. With high sensitivity (95.77%) and specificity (98.48%) 
demonstrated in 12-lead ECGs, HFP supports routine screening for 
HF, potentially transforming how clinicians’ approach proactive HF 
management. For situations where 12-lead ECG equipment is un-
available, the hand-held device ECGs showed reasonable predictive 
accuracy, with a specificity of 95.37% and sensitivity of 84.72%. Al-
though slightly less accurate, hand-held devices may still serve as 
a valuable tool for initial HF risk assessments, especially in remote 
or resource-limited settings where traditional equipment may not 
be feasible. The correlation of HFP predictions with standard HF di-
agnostic markers, including 2D Echocardiography and NT-proBNP, 
further validates its utility as a reliable screening tool. In diverse 
clinical settings, particularly in low-resource areas, HFP can help 
bridge the gap in HF care by providing accurate, timely risk assess-
ments without the need for costly imaging procedures.

Conclusion
The HFP algorithm demonstrated robust accuracy in predicting 

both HFrEF and HFpEF using only ECG data, highlighting its poten-
tial as an early HF risk assessment tool. By identifying high-risk pa-
tients as having “Impending Heart Failure” or “Ray’s Disease,” HFP 
allows for targeted, preventive management, which may improve 
clinical outcomes and reduce the burden of advanced HF [4]. Its 
high specificity and sensitivity with 12-lead ECGs, along with rea-
sonable accuracy in hand-held devices, support its application as a 
cost-effective and accessible screening tool in various clinical envi-
ronments. Further studies could explore HFP’s utility across larger 
and more diverse populations, as well as its integration within clin-
ical workflows. As a non-invasive, AI-driven solution, HFP stands to 
play a significant role in advancing HF prevention and care, making 
predictive HF screening more accessible globally.
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