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Abstract: 
Pursuit of a closed-loop insulin delivery system that automatically controls the blood glucose of individuals 
with type 1 diabetes has intensified during the past decade. Here we discuss the recent progress and challenges 
in the major steps towards a closed-loop system. Continuous insulin infusion pumps have been available for 
over two decades, but ‘‘smart pump’’ technology has made the devices easier to use and more powerful. 
Continuous glucose monitoring (CGM) technology has improved and the devices are more widely used. Low 
glucose alarms can warn of impending hypoglycemia, but individuals often sleep through these alarms; this 
motivated the development of low glucose suspend systems, which turn-off the insulin pump for a period of 
time to reduce the risk of overnight hypoglycemia.  
 A number of closed-loop systems are under development; most manipulate only insulin, while others 
manipulate insulin and glucagon. Meals and exercise cause ‘‘disturbances’’ to blood glucose, and we discuss 
techniques that our group has developed to detect and predict the effect of meals and exercise. In this 
presentation we provide an overview of contributions that our team has made in improving hypoglycemic 
alarms, predictive low glucose suspend systems (PLGS) and fully closed-loop control using a multiple model 
probabilistic predictive control (MMPPC) approach. To get to the clinical trial stage takes a lot of effort and 
collaboration among many individuals and oversight committees, and we briefly discuss the regulatory 
processes involved. We include our experiences in over 5000 nights of outpatient trials for a PLGS system, and 
our fully closed-loop studies involving 45 patients.  
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