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• Variability in the measurement of left ventricular 
ejection fraction (LVEF) can complicate the 
reproducibility of statistical finding between clinical 
trials

• Measurement error can also lead to the 
misclassification of patients, resulting in 
suboptimal treatment decisions, and obscuring 
correlations with clinical outcomes.

• We propose a method to reduce measurement 
variability and improve reproducibility by fusing 
cardiologists’ visual estimates with Simpson’s 
biplane method

• Study Population: 1366 patients with severe 
symptomatic aortic stenosis enrolled in the 
PARTNER 2A Trial (Tb1.)

• A single echocardiographic core laboratory (C5 
Research, Cleveland, OH) assessed LVEF by both 
Simpson’s biplane method and visual estimation 
techniques

• For each patient, we combined the visual estimate 
(18.1% std.) with Simpson’s biplane calculation 
(8.1% std.) creating a more precise EF estimate 
(Fig1.)

• We  include LVEF uncertainty in our statistical 
models by 

• Sampling from each pt’s LVEF distribution
• Running a statistical model
• Compiling the results

• The assimilated LVEF was tested in KM and Cox 
proportional hazards models, and compared to 
visual estimates and Simpson’s method alone. 
(Fig2. & Fig3.)

• Combining visual estimates and a machine 
guided LVEF (Simpson’s biplane), we 
reduce reproducibility errors in LVEF 
measurement and improve the association 
between LVEF and a composite of death, 
stroke, and rehospitalization at 1 year.

• The assimilated LVEF directly incorporates 
expert echocardiographic expertise into 
statistical models.

• This assimilated LVEF may prove useful in 
the presence of poor echocardiographic 
images, where the cardiologist's visual 
estimate can more accurately judge LVEF.

• More work is needed to understand the 
uncertainty associated with visual 
estimation of LVEF and Simpson’s biplane 
LVEF

• This study highlights the important role 
variability plays in reproducible research

• While human expertise and intuition can 
influence statistical models, future work  will 
explore the the alternating influence 
between models and humans

Fig1: Example combining visual and 
Simpson’s biplane estimates. The 
assimilated LVEF takes advantage of 
Simpson’s biplane accuracy and the 
echocardiographer’s visual expertise.  

Tb1:1366 PARTNER 2A patients with both visual 
and Simpson’s biplane estimate, and the per-
patient difference between visual and 
Simpson’s biplane estimates

Fig2: Kaplan Meier estimates of 1yr Death, 
Rehospitilization, and Major stroke for visual LVEF, 
Simpson’s biplane LVEF, and assimilated LVEF

Fig3: Cox proportional hazards models for visual, 
Simpspon’s biplane, and assimilated LVEF.


