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Though hypertrophic cardiomyopathy (HCM) causes significant morbidity and is a 

leading cause of sudden death in adolescents, initial detection remains difficult. While 

echocardiography is an important diagnostic modality for HCM, the electrocardiogram 

(ECG) is more widely accessible. Artificial intelligence (AI)-based analysis of standard 

12-lead ECGs (AI-ECG) has achieved accurate fully-automated HCM diagnosis (1,2). 

However, it is unknown whether AI-ECG can track disease status, including cardiac 

structural and hemodynamic changes over time, to inform disease-specific clinical decision 

making.

We applied two AI-ECG algorithms to pre-treatment and on-treatment ECGs from the 

phase 2 PIONEER-OLE trial(3) of the cardiac myosin inhibitor mavacamten in patients 

with obstructive HCM. The two AI-ECG algorithms were independently developed and 

trained at the University of California San Francisco (UCSF; San Francisco, CA, US)(1) 

and Mayo Clinic (Rochester, MN, US)(2) as previously described; institutional review 

board approval was obtained from both institutions. PIONER-OLE patients had 12-lead 

ECGs, echocardiography, and drug plasma and N-terminal pro B-type natriuretic peptide 

(NT-proBNP) measurements at day 0 (pre-treatment), weeks 4, 8, and 12, and every 12 

weeks thereafter. Both algorithms were first validated in cohorts constructed by combining 

pre-treatment ECGs from PIONEER-OLE patients (n=13) and age- and sex-matched control 

ECGs from subjects without HCM from Mayo Clinic and UCSF (n=2,600 each) in a 1:200 

ratio to approximate HCM prevalence. Both algorithms were then applied to all ECGs 

(n=216) from each PIONEER-OLE patient acquired pre-treatment and on-treatment through 

January 29, 2020. We examined longitudinal associations of AI-ECG-predicted HCM scores 

with echocardiographic and laboratory metrics important to HCM clinical decision making.

Mean age of the PIONEER-OLE cohort at baseline was 57.8 years; 69.2% of patients 

were male and 92.3% had New York Heart Association class II symptoms. Median follow-

up was 79 weeks (range 25.0–90.1). To discriminate PIONEER-OLE pre-treatment HCM 

ECGs from ECGs of age/sex-matched non-HCM controls, area under the receiver operating 

characteristic curve (AUC) was 0.938 (95% CI, 0.924–0.950) for the UCSF algorithm 

and 0.979 (95% CI, 0.942–1.000) for the Mayo algorithm. Sensitivity and specificity 

were 84.6% and 96.3% for the UCSF algorithm, and 92.3% and 94.1% for the Mayo 

algorithm, respectively. When applied to all PIONEER-OLE ECGs (n=216), both algorithms 

demonstrated decreases in mean HCM scores during mavacamten treatment averaged across 

each time point, with a mean score reduction of 43% (0.67 pre-treatment to 0.38 at 72 

weeks) for UCSF and a reduction of 56% (0.85 pre-treatment to 0.37 at 72 weeks) for 

the Mayo algorithm. The longitudinal AI-ECG HCM score trends generally mirrored the 

decreasing trends over time in LVOT gradient with Valsalva and NT-proBNP (Figure 1). 

Mavacamten pharmacokinetic levels increased on initiation then remained stably elevated 

over time in most patients.

The key finding from this study is that AI-ECG HCM scores correlated with disease 

status as measured by decreases over time in LVOT gradients and NT-proBNP levels in 

patients with obstructive HCM on mavacamten treatment. Therefore, AI-ECG may hold 

promise as a potential tool for monitoring disease status, cardiac hemodynamics, and drug 

therapeutic response. These significant longitudinal associations of the AI-ECG HCM score 
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likely reflect changes in the raw ECG waveform detectable by AI-ECG that correlate with 

HCM disease pathophysiology and severity. While extensive prior work has linked various 

characteristic ECG changes with HCM, none of these changes are unique to HCM(4), and 

association between ECG findings and hemodynamic or laboratory measurements, either 

cross-sectionally or longitudinally, has not been previously demonstrated. AI-ECG enables 

the capture of more information from ECGs related to obstructive HCM physiology and 

pathophysiology than is currently appreciated by manual interpretation. The main limitation 

of this study is the small sample size of PIONEER-OLE, though this was counterbalanced 

by the uniquely rich ECG/echocardiography phenotyping and long-term follow-up of this 

on-treatment HCM cohort. This work provides a novel paradigm by which the AI-ECG

—which may also be implemented remotely via smartphone-enabled electrodes—may 

permit assessment of disease status and treatment response. Future studies can evaluate 

this approach as a guide for drug titration to enhance safety.
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Abbreviations and Acronyms

AI artificial intelligence

AUC area under the receiver operating characteristic curve

ECG electrocardiogram

HCM hypertrophic cardiomyopathy

LVOT left ventricular outflow tract

NT-proBNP N-terminal pro B-type natriuretic peptide

UCSF University of California San Francisco
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Figure 1: Longitudinal changes in averaged AI-ECG scores and cardiac metrics
Values averaged across all patients, shown with 95% confidence interval bands. Dotted 

lines (upper panel) show HCM score threshold used to indicate HCM for each algorithm. 

AI-ECG, artificial intelligence–based electrocardiogram analysis; HCM, hypertrophic 

cardiomyopathy; LVOT, left ventricular outflow tract; NT-proBNP, N-terminal pro B-type 

natriuretic peptide.
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