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Abstract: 
Emergency Medicine is the art of decision-making under extreme uncertainty. Clinicians must 
continuously evaluate noisy, incomplete signals to determine patient trajectories: who will require 
admission, who will decompensate, and who can safely return home. While modern health systems 
now collect vast streams of high-resolution physiologic and multimodal data, these signals remain 
disconnected from real-time clinical decisions. This talk frames Emergency Medicine as a 
multi-scale prediction and resource allocation problem, presenting active research across three 
scales of intervention: (1) The Visit: real-time ensemble and deep learning models that continuously 
forecast decompensation and disposition from irregular, multimodal time series within the ED; (2) 
The Transition: extending the prediction horizon beyond hospital walls by integrating wearable 
sensors to characterize post-acute trajectories and predict revisits; and (3) The System: using 
discrete-event simulation to optimize how predictions are operationalized, as in AI-driven radiology 
queue prioritization. Throughout, I will highlight open methodologic challenges, including 
calibration under temporal distribution shift, informative observation processes, and the gap 
between offline model discrimination and deployed decision utility. These projects sit atop a 
large-scale, continuously-growing multimodal data resource with a direct path to prospective 
validation and deployment. 
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