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There has been tremendous progress in applying AI to cardiology,
but no blinded randomized studies.

Ouyang et al. Nature (2020)

Attia et al. Nature Medicine (2019)

Ruijsink et al. JACC CV Img (2019)

Poplin et al. 
Nature BME (2018)



Blinding and randomization are core principles in clinical trials

For AI technologies, FDA 510k clearance and CE Mark does not 
currently require prospective clinical trials. 

Wu et al. Nature Medicine (2021)

98% only retrospective data
75% single site studies
None per randomized
None are blinded
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Trial Design
• Inclusion criteria: Adult transthoracic echocardiogram
• Exclusion criteria: Complete run-in period that sonographers can annotate

• Primary Outcome: Frequency and degree of change from initial (AI vs. 
sonographer) assessment to final cardiologist assessment
• Substantial change defined as more than 5% LVEF 
• Non-inferiority Design: 8% vs. 5%, alpha of 0.05 and power of 0.9

• 2834 studies needed, pre-planned to enroll 3500 studies as buffer against dropout

• Secondary Outcomes: 
• Sonographer Time
• Cardiologist Time 
• Cardiologist Prediction of Agent of Initial Assessment
• Change from Historical Cardiologist Assessment
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AI Model Design Ouyang et al. Nature (2020)
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Baseline Characteristics and Trial Flow
3769 Echocardiogram studies 

were assessed for eligibility

3495 Underwent randomization

274 studies were unable to be 
traced by sonographer

1740 Assigned to 
AI Guidance

1755 Assigned to 
Sonographer Guidance

1740 Underwent
Cardiologist Evaluation

1755 Underwent
Cardiologist Evaluation
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AI SONO SONOAI

AI AISONO SONO

SONO SONOAI AI

Cardiologists could not distinguish between AI and 
sonographer initial assessments

Correct 1130 (32.3%) 
Unsure 1520 (43.4%) 
Incorrect 845 (24.2%)
Bang’s Blinding Index: 0.088
Between -0.2 to 0.2 is considered good blinding.
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Trial Results

Primary Outcome
degree of change from initial (AI 
vs. sonographer) assessment to 
final cardiologist assessment

Key Secondary Outcome
degree of change from final 
cardiologist assessment to 
historical cardiologist assessment



Subgroup Analysis

Consistent results based on 
subgroups of patient 
characteristics, imaging 
study characteristics, and 
cardiologist prediction. 



Limitations

• Single center

• In order to blind, AI was weakened

• No comparison with cross-sectional imaging

• Further work needed to assess long term impact



Strengths

• External validation of an AI model with publicly available 
code and representative training data

• Randomization with active comparator

• Blinding was quite successful

• Largest study of clinician test-retest of LVEF



Conclusion
• For adult patients undergoing echocardiographic quantification of cardiac 

function, initial assessment of LVEF by AI was noninferior and superior to 
initial sonographer assessment. 

• After blinded review of initial LVEF assessment, cardiologists were less likely to 
substantially change their final report with initial AI assessment than 
sonographer assessment. 

• AI guided assessment took less time for cardiologists to overread and was 
more consistent with historical cardiologist assessment (test-retest precision). 
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