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CASE STUDY NO. 1
CLOSED LOOP INSULIN PUMPS:  TOWARD AN ARTIFICAL PANCREAS
Background:  In 2007 alone, diabetes accounted for $174 billion in health-care costs, with 20.8 million Americans diagnosed with the disease.   Ten percent (10%) of diabetic patients have Type 1 diabetes mellitius (T1DM).  
T1DM is characterized by the destruction of the insulin-producing β-cells in the pancreas.  If a patient’s pancreas cannot produce insulin to regulate the blood glucose concentration, the insulin must be provided artificially, either through multiple daily injections or a continuous subcutaneous insulin infusion delivered by an insulin pump.  Both treatment paths require frequent blood glucose measurements to determine  daily insulin dosage requirements (8 - 10 each day, including a measurement in the middle  of the night).  With the advent of continuous glucose sensing, which reports glucose measurements every minute, and the development of hardware and algorithms to communicate with the pumps, a closed-loop, automatic blood glucose measurement and insulin dosing system is now within reach.  Such a system would provide the diabetic patient with unprecedented freedom, while simultaneously protecting the patient from dangerous hypo- or hyper-glycemic events  (particularly important in the pediatric population and at nighttime).
Invention:   The research groups of Drs. Frank Doyle and Lois Jovanovic have jointly developed novel control algorithms that accurately predict and deliver insulin needs over time, based on continuous blood glucose measurements as well as a robust testbed for use in clinical trials.   These inventions include:
· Zone MPC Algorithm:  The Zone MPC Algorithm maintains a patient’s blood glucose levels within a predefined, acceptable target zone, either with or without the need for the patient to manually program an imminent meal event into the system. 
· Meal Detection Algorithms.  A fully functioning artificial pancreas system must regulate glucose levels automatically during fasting periods and accurately compensate for a meal without relying on the patient to announce the meal or accurately predict its contents.  The researchers have developed a novel algorithm for detecting meals consumed by patients (particularly useful for the pediatric population who may not properly monitor blood glucose before or after a meal).  In clinical research, more than 90% of meals were detected within 30 minutes from the onset of eating, before the glucose had risen to dangerous levels.
·  Hypoglycemia Prediction:  One of most-feared risks for a person with T1DM is the occurrence of hypoglycemia.  Hypoglycemia causes symptoms that range from sweating, confusion and dizziness in the short term, to seizure, coma and death if severe and prolonged.   Severe symptoms can occur just 2-4 hours after the onset of a hypoglycemic event.  Nocturnal hypoglycemia is especially critical, as meals are less likely to be ingested.   The research group has developed five predictive algorithms and an overall voting algorithm that can predict a hypoglycemic event and then sound a robust alarm to awaken the person or another household member.  This system has been used in clinical trials in Israel.  In those trials, no hypoglycemic events occurred and in no case did the physician override the controller.
· Artificial Pancreas System (APS):  The researchers have developed a novel platform for testing various sensors and pumps, as well as control and other algorithms or alarm systems, in clinical trials.   The system includes an interface algorithm that communicates between the patient’s insulin pump/sensor system and the control algorithm on the physician’s computer or PDA.   The APS  presents all of the information to the physician through a clear and simple human interface, ensuring safety by integrating checklists, alarms and interlocks.  The current version of the APS has received FDA approval for use in human clinical trials.  It is currently compatible with several off-the-shelf insulin pumps/sensors, with more to follow.  APS has been used in clinical trials in the United States, Italy and Israel.
