This talk with cover the following objectives:




Understand the step wise progression of innovations in insulin suspension and hybrid
closed loop technology
Review medical literature and recent studies for closed loop technology
Clinical applications of hybrid closed loop technology

Despite many advances in type 1 diabetes therapies, most patients are unable to achieve
near-normal glycemia (Miller et al, 2015), and remain at risk for severe hypoglycemia,
diabetic ketoacidosis, and long-term vascular complications. Closed-loop artificial pancreas
technology allows a control algorithm to automatically increase and decrease insulin delivery
using data from subcutaneous glucose sensors to improve glucose control and lessen the
burden of diabetes management. Due to the absorption profile of rapid-acting insulin
analogues, most closed-loop systems under development are hybrid systems, meaning that
the patient is required to estimate each meal’s carbohydrate content and confirm the
recommended bolus dose calculated from the carbohydrate-to-insulin ratio (Weinzimer et al,
2008). Closed loop technology is not specific to diabetes devices. You use it in your everyday
life—cruise control on your car, the thermostat in your home.
Step wise iterative approach starting with insulin suspension to the development of hybrid
closed loop technology is an approach taken by some. Bergenstal, et al (2013) present data
from the ASPIRE in-home study over a three-month period. These data show a reduction in
nocturnal hypoglycemia (as measured by sensor glucose values) without affecting A1C values.
Danne, et al (2014) present in silico modeling of a predictive low glucose management system
and feasibility in youth with type 1 diabetes during exercise. These data demonstrated that
predictive low glucose management may further reduce the severity of hypoglycemia beyond
what has already been established for algorithms using a threshold-based suspension.
Hypoglycemia was prevented in 80% of the experiments.
The real world application of closed loop insulin delivery system in a diabetes practice places
safety as the highest priority. Hybrid closed (HCL) systems employ various combinations of
control algorithms, glucose sensors, and insulin pumps. The development of a successful
algorithm with a closed loop system balances the ability to lower glucose into the target
range, but not overshoot insulin delivery so much that it would induce hypoglycemia. What
is the best target range for a closed loop algorithm system? Does a closed loop system
require administration of meal boluses by user or can it be automatic? How aggressive should
the algorithm be at adapting to changes in a patients insulin sensitivity/resistance?
Early studies of artificial pancreas systems, many of which were overnight closed-loop
devices, were conducted in silico or under controlled inpatient conditions. Later studies in
supervised outpatient settings such as hotels and camps showed that HCL systems increased
the time in which sensor glucose (SG) values were in the target range, variously defined as
>70 to 145 or 180 mg/dL. More recently, closed-loop systems have been evaluated in the
unmonitored home setting in a limited number of studies. Ly, et al (2015) discuss the
feasibility and efficacy of a fully integrated hybrid closed loop system in subjects with type 1
diabetes, both in an inpatient setting and during a camp setting.
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