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17-NOV-1979 (39 yr) Vent. rate 76 BPM Estimated age: 37.3yrs
Male PR interval 156 ms Probability male: 98.6%
gﬁ;fmﬁm 3?51-110:5‘] ms  Estimated EF: 58.1%
Room: © WS Probability of low EF: 0.3%
Loc:1 P-B-T axes 768 probability of undetected AF: 0.2%

Probability of HCM: 0.1%
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35M PRESENTS AFTER HIS SISTER

DIES SUDDENLY

%0 Normal sinus rhythm
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Al ECG OUTPUT:

Positive for low EF
(76% probability
of having Low EF)

Echocardiogram
EF:18%

Found to have familial cardiomyopathy



Seeing beyond human interpretation....3 examples
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Low ejection
fraction
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DETECTION OF LOW EJECTION
FRACTION
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Nat Med 2019
JACC sup 2020



Sensitivity

VALIDATION IN OTHER CLINICAL
SETTINGS

« Emergency Department (pts present with dyspnea) e Cardiac Critical Care Unit

AUC 0.89 Dyspnea in the ED 15% AUC 0_83
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Accuracy: 85.9% (84.1%, 87.6%) (1,380/1,606)

Sensitivity: 73.8% (66.4%, 80.3%) (121/164) ‘

%
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> NT-Pro BNP
' Al ECG predicted probability of LVSD (rousded to nearest 0.1)

Al outperforms standard of care
Specificity for prediction of LV Dysfunction

0.25 Specificity: 87.3% (85.5%, 89.0%) (1,259/1,442)
Positive Predictive Value: 39.8% (34.3%, 45.5%) (121/304)
Negative Predictive Value: 96.7% (95.6%, 97.6%) (1,259/1,302)
Odds Ratio: 19.4 (13.2, 28.3)

F1 Score: 51.7

0.00

1.00 0.75 0.50 0.25 0.00

Circ AE 2020
EHJ ACC 2020
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CONSISTENT MODEL PERFORMANCE

ACROSS RACIAL GROUPS

non-Hispanic White (44524)
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Circ AE 2019
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CHRONOLOGIC VS PHYSIOLOGIC AGE

CNN Estimated Age vs Chronological Age
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Circ AE 2019
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PROGRESSION OF ECG AGE OVER

TIME....

ECG AGE
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2

Hypertrophic
Cardiomyopathy

7



HYPERTROPHIC
CARDIOMYOPATHY

Matching

HCM
(n=3,060)

Model dev (70:10:20)

Age and sex match

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)




HCM: MODEL PERFORMANCE
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HCM: SUBGROUP PERFORMANCE

Group Sensitivity Specificity Odds Ratio OR (95% ClI)
Overall 87 (534/612) 90 (11562/12788) — = 64.6 (50.5-82.5)
Sex
Male 87 (301/346) 90 (6518/72662) —o— 58.6 (42.5-80.9)
Female 88 (233/266) 91 (5044/5526) —— 73.9 (50.7-107.7)
Age (yrs)
<40 95 (108/114) 92 (1636/1787) ’ & »195.0 (84.3-451.2)
40-49 90 (92/102) 91 (1546/1693) C & 4 96.8 (49.3-189.9)
50-59 90 (125/139) 92 (2627/2868) C & 4 97.3 (85.2-171.7)
60-69 84 (112/133) 91 (3130/3452) —l— 51.8 (32.1-83.8)
70-79 80 (83/104) 89 (2151/2412) —o— 32.6 (19.8-53.9)
>80 70 (14/20) 82 (472/576) o— 10.6 (4-28.2)
ECG characteristics
LVH 97 (263/271) 68 (805/1184) — i 69.8 (34.2-142.6)
Normal ECG 93 (25/27) 87 (361/417) C - » 80.6 (18.6-349.6)
0 60 120 180 240 300

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

JACC 2020



CLINICAL CASE: 25-YEAR-OLD WOMAN
WITH HCM
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72.6% probability of HCM!

JACC 2020



POST-OP: PATIENT UNDERGOES SEPTAL
MYECTOMY
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ECG becomes more ‘abnormal’ but now Al
calculates a 2.5% probability of HCM!




Atrial fibrillation

W
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ATRIAL FIBRILLATION

» Often fleeting

*« Sometimes
asymptomatic

« Can have maijor
consequences: Stroke

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa



CURRENT MEANS FOR
ASYMPTOMATIC AF DETECTION

1% Inches

Implantable loop recorder -
is placed under the skin —
Approximate size of

implantable loop recorder



ATRIAL FIBRILLATION RISK

Patient with no atrial fibrillation rhythms recorded

Index ECG (ie, first ECG available) Bl Normal sinus rhythm
¢ Bl Atrial fibrillation or atrial flutter

I I I Window of intere%}

Patient with at least one atrial fibrillation rhythm recorded
First ECG available Index ECG

v e
I I I I:I] I I IWindowofintere%
| |

| : I
January February March April

Lancet 2019



ATRIAL FIBRILLATION RISK
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CASE: COULD Al HAVE PREVENTED A
STROKE?

Al-ECG algorithm prediction
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2nd stroke
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2000 2010 2020
Time (year)

HRCR 2019



PROPOSED RCT:
TREATMENT/STROKE PREVENTION

At risk
patients Exclusions

1. Hemorrhagic stroke

2. Reversible cause (dissection,
Positive on postop, endocarditis)
Al ECG 3. AF detected during screening
screening (24-hr Holter monitoring)
4. Existing anticoagulation indication
5. Unable to take apixaban,
rivaroxaban or aspirin

v

Control Intervention
Aspirin 100 mg OD NOAC
n=1500 n=1500




TRANSLATION TO
PRACTICE




EAGLE: Cluster-randomized, pragmatic design

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

\ 4

. Al algorith Il patient
- 350+ primary care clinicians TR RS

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

Randomization at care team level

v v v v

SE MN SW Wisc NW Wisc

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

Nature Med 2021 (in press)

Clinicaltrials.gov NCT04000087
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Adv Directive: None BMI: None

BestPractice Advisory: None  Portal: Active
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5/11/2019
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7/18/2018
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6/14/2018
&/14/2018
3/3/2018

2/27/2018
2/21/2018
2/13/2018
2/12/2018
2/9/2018

2/9/2018
11/3/2003
2/9/2018
2/9/2018
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Document Type
D

Diagnostic Report - ECG

OSM Clinical Notes and Results
©SM Clinical Notes and Results
©SM Clinical Notes and Results
‘OSM Clinical Notes and Results
Diagnostic Report - Holter Monitor
Insurance Card

Diagnostic Report - Echo
Diagnestic Report - ECG

HIM ROI Authorization
Anesthesia Record
Correspandence

Diagnostic Report - ECG
Diagnastic Report - Cath/EP
Anesthesia Record
Autherizations and Service Terms
Diagnestic Report - Echo
Diagnestic Report - Echo

Auth - Adult - Family and Friends
Patient Provided Information
Diagnestic Report - ECG

Consent Form

Consent Form

ECG Artificial Intelligence-Guided Screening for Low Ejection Fraction (EAGLE)

ALGORITHMIC RESULTS

Screening result: NEGATIVE
Recommendation: No further testing unless indicated by other
symptoms or conditions

*Results generated from ECG-based Al algorithm

AskMan ert” Reduce ection Fraction

The algorithm is being applied in order to screen for asymptomatic left
ventricular systolic dysfunction in patients who have no other indication
for echocardiography. Among patients with established heart failure,
heart failure symptoms, or other indications for an echocardiogram,
this algorithm should not affect your decision to order an
echocardiogram.

Risk factors for heart failure, such as hypertension, obesity, diabetes,
dyslipidemia, atherosclerotic disease, smoking, and alcchol abuse,
should also be evaluated and managed to prevent heart failure.

The prediction algorithm was derived from a sample of Mayo Clinic
patients who underwent both ECG and echocardiography. The model
demonstrated a ¢ statistic of 0.92, a sensitivity of 82.5%, a specificity
of 86.8%, and an accuracy of 86.5% in a prospective validation.

Link to Nature Medicine publication
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FLOW DIAGRAM/ENROLLMENT

Patients who received ECG and
whose clinicians consented

Exclusions

Age<18 yr: N=309

Prior EF=50 or
documented evidence for
HF: N=3,179

No research authorization:
N=1,217

N=32.241
v (R ¥
Intervention group Cluster randomization Control group
N=16,468 by care team N=15.,773
Exclusions
+ Age<18 yr: N=306 *
= Prior EF=50 or *
> documented evidence for >
HF: N=3.471
= No research authorization: *
N=1.118
v A 4

Intervention group
N=11,573

Control group
N=11,068

A 4

ALECG ()
N=10.881 (94%)

| !

ALECG (%) ALECG ()
N=693 (6%) N=10.404 (94%)

!

ALECG (4)
N=664 (6%)

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)



OVERALL DIAGNOSTIC YIELD

23 get TTE

b Eailestions Screenm_g yields 5 new
60 positive ECGs low EF diagnoses/1000
results over usual care
30 get no TTE (21 with fnter\rentmn
170 patients get TTE for versus 16 in usual care)

another indication
unrelated to AI-ECG

\ J

Y
1000 patients screened

Nature Med 2021 (in press)
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ARTICLES

nature . .
medicine

https://doi.org/101038/541591-021-01235-4

W) Check for updates

Artificial intelligence-enabled electrocardiograms
for identification of patients with low ejection
fraction: a pragmatic, randomized clinical trial

Xiaoxi Yao®*2X, David R. Rushlow?, Jonathan W. Inselman’, Rozalina G. McCoy'#,

Thomas D. Thacher©3, Emma M. Behnken5, Matthew E. Bernard?, Steven L. Rosas®, Abdulla Akfaly?,
Artika Misra®, Paul E. Molling®, Joseph S. Krien', Randy M. Foss®", Barbara A. Barry’,
Konstantinos C. Siontis?, Suraj Kapa?, Patricia A. Pellikka™2, Francisco Lopez-Jimenez?,

Zachi l. Attia®©2, Nilay D. Shah', Paul A. Friedman©?2 and Peter A. Noseworthy©?



Screen for AF Treatment

What is@and @about AF screening and treatment?

e Is AF screening useful?
° Can we identify AF risk?

o How to best monitor for AF in at risk patients?

o Do we anticoagulate patients or not?

©2021 Mayo Foundation for Medical Education and Research | slide-32



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)

Already developed
ECG-based Detect Screen positive & 5 most similar patients who
J,/'J_-_ Al Algorithm unrecognized AF enrolled screen negative
g . | T 2 B 4 B
Al-powered Identify L) ® © o o o
e | - T ™Y
patients
Digtal LSienming Send study invitation one by
Phenotyping eligibility for one until one person agrees
Algorithm anticoagulation |
[ ]
N=500 ﬂ N=500
v |

30d cardiac monitoring



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:
C;‘ 3 4 @i/_} * Retired MD with diabetes, HTN, and chronic kidney disease
W f -4 « 30 NSR ECGs at Mayo Clinic
g ?t
N @) Probability of AF/silent AF N N S AT AV I Vs S AR O
L
\;/ y 1 [ i 1 82 51 g St e e 5 s
y ) [ ] Ry A R e
Za = - AF
. . = - -
g B B et st
1990 2000 2010 2020




TRANSLATION TO PRACTICE:
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Al DASHBOARD
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CONCLUSIONS

.
* (1

Clinical utility Predict and detect Massively scalable Driving practice
with current workflow disease innovation

Proprietary and confidential. Do not distribute.




Thank You!
Siontis.konstantinos@mayo.edu
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