Stochastic Model Predictive (STOMP) Glycemic Control for the Intensive Care Unit
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Objective:
Critically ill patients often experience stress-induced hyperglycemia, which has been shown to result in increased morbidity and mortality. Stochastic Model Predictive (STOMP) Control is a new model-based glycemic control (GC) protocol that implements the probabilistic, stochastic forecasting methods of its predecessor, STAR (Stochastic TARgeted). STOMP formalizes the control methodology using model predictive control theory to improve the ability to tune the dynamic response of the controller.
Methods:
The STOMP controller uses a model of the glucose-insulin system combined with a model of insulin sensitivity variability to predict the response to a proposed insulin/nutrition intervention. An optimal intervention is selected through minimization of the weighted sum of 6 hour forecasted performance metrics derived from penalty functions, enabling safe 4-hourly measurement intervals. STOMP was evaluated using the validated virtual trial method with 149 virtual patient profiles, comprising 17,610 hours of clinical data collected from the Christchurch Hospital ICU.
Results:
The glycemic performance of STOMP was very similar to STAR. Both protocols maintain 85% of time within the 4.4-8.0 mmol/L glycemic target band and have very low incidence of hypoglycemia (0.06% time < 2.2 mmol/L). STOMP simultaneously maintained nutrition targets, with a median patient nutrition rate of 90% of the desired goal 25 kcal/kg/day. Thus, STOMP maintained equivalent glycemic and nutritional performance to STAR with the advantage of 35% fewer measurements.
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STOMP formalizes the heuristic algorithm of STAR, allowing customization to patient specific requirements and variation in clinical practices. STOMP’s robust long term forecasting prioritizes glycemic stability, allowing fewer interventions, which reduces clinical burden. STOMP’s strong glycemic and nutrition delivery performance in these virtual trial demonstrates its potential as a valuable enhancement to the STAR GC framework.

