
Artificial Intelligence in EP: 
Current State and Future 
Promise
How smart is the ECG?
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Estimated age: 37.3 yrs
Probability male: 98.6% 
Estimated EF: 58.1%
Probability of low EF: 0.3%
Probability of undetected AF: 0.2%
Probability of HCM: 0.1%
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35M PRESENTS AFTER HIS SISTER 
DIES SUDDENLY

Echocardiogram 
EF:18%

Positive for low EF
(76% probability 

of having Low EF)

AI ECG OUTPUT:

Found to have familial cardiomyopathy



©2021 Mayo Foundation for Medical Education and Research  |  slide-5

Seeing beyond human interpretation….3 examples
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Validated 
In other populations

Area under 
curve of EF 

AI ECG = 0.93
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• Emergency Department (pts present with dyspnea) • Cardiac Critical Care Unit

AUC 0.89

Circ AE 2020

AUC 0.83

EHJ ACC 2020

VALIDATION IN OTHER CLINICAL 
SETTINGS
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Circ AE 2019

CONSISTENT MODEL PERFORMANCE 
ACROSS RACIAL GROUPS
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CHRONOLOGIC VS PHYSIOLOGIC AGE

Circ AE 2019
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PROGRESSION OF ECG AGE OVER 
TIME….
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HYPERTROPHIC 
CARDIOMYOPATHY

Matching

HCM 
(n=3,060)

Controls 
(n=63,941)

Training 
(n=46,901)

HCM
(n=2,142)
Controls 

(n=44,759

Validation 
(n=6,700)

HCM
(n=306)
Controls 

(n=6,394)

Testing 
(n=13,400)

HCM
(n=612)
Controls 

(n=12,788)

Model dev (70:10:20)

Age and sex match

JACC 2020
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HCM: MODEL PERFORMANCE

JACC 2020
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Results in genotyped patients? 
• With sarcomeric mutation (n=286): 97% (IQR 80-99%), 3.5% false neg
• Without sarcometic mutation (n=574):  96% (IQR 70-99%), 8% false neg

HCM: SUBGROUP PERFORMANCE

JACC 2020
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72.6% probability of HCM!

CLINICAL CASE: 25-YEAR-OLD WOMAN 
WITH HCM

JACC 2020
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ECG becomes more ‘abnormal’ but now AI 
calculates a 2.5% probability of HCM!

POST-OP: PATIENT UNDERGOES SEPTAL 
MYECTOMY
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ATRIAL FIBRILLATION

• Often fleeting
• Sometimes 
asymptomatic

• Can have major 
consequences: Stroke
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CURRENT MEANS FOR 
ASYMPTOMATIC AF DETECTION
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ATRIAL FIBRILLATION RISK

Lancet 2019
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ATRIAL FIBRILLATION RISK

Lancet 2019
Lancet 2019

Lancet 2019
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CASE: COULD AI HAVE PREVENTED A 
STROKE?

HRCR 2019
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PROPOSED RCT: 
TREATMENT/STROKE PREVENTION
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TRANSLATION TO 
PRACTICE



©2021 Mayo Foundation for Medical Education and Research  |  slide-26

All patients in primary care practices who 
undergo ECG for any reason

AI algorithm run on all patients

R
Randomization at care team level

- 350+ primary care clinicians
- 120 care teams
- 22,000+ patients over 8 mo

SE MN SW MN SW Wisc NW Wisc

Outcomes: 1. New low EF diagnosis, 2. Treatment patterns, 3. Qualitative assessment

26

EAGLE: Cluster-randomized, pragmatic design

Clinicaltrials.gov NCT04000087

Nature Med 2021 (in press)
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FLOW DIAGRAM/ENROLLMENT

Nature Med 2021 (in press)
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PRIMARY FINDINGS

• The intervention increased the diagnosis of low EF in the overall 
cohort (1.6% vs. 2.1%, odds ratio [OR] 1.32 [1.01-1.61], p=0.007)

• Clinicians in the intervention group obtained more echocardiograms 
for patients with + AI-ECG (38.1% control vs. 49.6% intervention, 
p<0.001)

• Overall echocardiogram utilization was similar (18.2% vs. 19.2%, 
p=0.17)

Nature Med 2021 (in press)

Nature Med 2021 (in press)
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OVERALL DIAGNOSTIC YIELD

Nature Med 2021 (in press)
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EHR INTEGRATION FOR SITE-LESS 
PRAGMATIC RCT
BATCH ENROLLMENT FOR AN ARTIFICIAL INTELLIGENCE-GUIDED INTERVENTION 
TO LOWER NEUROLOGIC EVENTS IN PATIENTS WITH UNDIAGNOSED ATRIAL 
FIBRILLATION (BEAGLE) (NCT04208971)
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PILOT STUDY: EHR INTEGRATION FOR 
SITE-LESS PRAGMATIC RCT
BATCH ENROLLMENT FOR AN ARTIFICIAL INTELLIGENCE-GUIDED 
INTERVENTION TO LOWER NEUROLOGIC EVENTS IN PATIENTS WITH 
UNDIAGNOSED ATRIAL FIBRILLATION (BEAGLE) (NCT04208971)

CASE EXAMPLE:
• Retired MD with diabetes, HTN, and chronic kidney disease
• 30 NSR ECGs at Mayo Clinic
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TRANSLATION TO PRACTICE: 
GETTING RESULTS TO PATIENTS AND CLINICIANS
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AI DASHBOARD
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Proprietary and confidential. Do not distribute.

CONCLUSIONS

Clinical utility
with current workflow

Driving practice 
innovation

Massively scalablePredict and detect
disease 
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Thank You!
Siontis.konstantinos@mayo.edu


