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Abstract

Background:

Recent progress in the development of clinically accurate continuous glucose monitors (CGMs), automated
continuous insulin infusion pumps, and control algorithms for calculating insulin doses from CGM data have
enabled the development of prototypes of subcutaneous closed-loop systems for controlling blood glucose
(BG) levels in type 1 diabetes. The use of a new personalized model predictive control (MPC) algorithm to
determine insulin doses to achieve and maintain BG levels between 70 and 140 mg/dl overnight and to control
postprandial BG levels is presented.

Methods:

Eight adults with type 1 diabetes were studied twice, once using their personal open-loop systems to control
BG overnight and for 4 h following a standardized meal and once using a closed-loop system that utilizes
the MPC algorithm to control BG overnight and for 4 h following a standardized meal. Average BG levels,
percentage of time within BG target of 70-140 mg/dl, number of hypoglycemia episodes, and postprandial BG
excursions during both study periods were compared.

Results:

With closed-loop control, once BG levels achieved the target range (70-140 mg/dl), they remained within that
range throughout the night in seven of the eight subjects. One subject developed a BG level of 65 mg/dl,
which was signaled by the CGM trend analysis, and the MPC algorithm directed the discontinuance of the
insulin infusion. The number of overnight hypoglycemic events was significantly reduced (p = .011) with
closed-loop control. Postprandial BG excursions were similar during closed-loop and open-loop control
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Conclusion:

Model predictive closed-loop control of BG levels can be achieved overnight and following a standardized
breakfast meal. This “artificial pancreas” controls BG levels as effectively as patient-directed open-loop
control following a morning meal but is significantly superior to open-loop control in preventing overnight
hypoglycemia.
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