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Introduction
Hyperglycemia during critical illness is common and is associated with increased mortality, morbidity

and prolonged stay in intensive care [1][2]. The past decade has seen many attempts to improve
survival by regulating blood glucose using intensive insulin therapy (IIT) protocols [3][4]. However,
consistent control has proven elusive, not least because typical IIT protocols ignore the carbohydrate
intake of patients [5]. An effective method that achieves and maintains “tight” blood glucose levels (i.e.
in the range from 4 to 6 mmol/l) without high glucose variances and without increasing insulin-induced
severe hypoglycemia (<2.2 mmol/l) has yet to emerge [6].

This work assesses the effectiveness of the computerized decision support system “Glucosafe” for tight
glycemic control in critical care. This system advises insulin therapy and infusion rates of enteral and
parenteral nutrition, based on blood glucose predictions with a physiological insulin-glucose model and
patient-specific data [7]. Pilot testing shows significant improvements of glycemic control in a
prospectively controlled cohort of intensive care patients [8]. In a retrospective analysis of the pilot
study data the model is assessed with regard to how accurately blood glucose was predicted, and
whether the predictive accuracy can be improved by two physiological model extensions, regarding the
decreased delivery rate of nutrients that is often observed in critical care patients with delayed gastric
emptying [9], and the dependency of pancreatic insulin secretion on the blood glucose level [10].

Methods
The blood glucose concentrations of 10 hyperglycemic patients admitted to a neuro- and trauma

intensive care unit were retrospectively predicted using a) the original Glucosafe model [7] b) the
Glucosafe model including a feedback loop between blood glucose and pancreatic insulin secretion rate
c¢) the Glucosafe model and a reduced rate of appearance of enterally administered nutrition in the
intestinal reservoir d) both extensions as described in b) and c). Prediction errors were expressed as
absolute percent error (APE) from measured concentrations; the comparison was based on median
APEs for different prediction time lengths, reflecting intervals between measurements of up to 5 hours.

Results
The model predictive accuracy improved modestly for each one of the two model extensions. The

greatest reduction in prediction error was achieved when both model extensions were included in the



Glucosafe model. For predictions time lengths (in hours) of 0.5-1.5h, 1.5-2.5h, 2.5-3.5h, 3.5-4.5h and
4.5-5.5h, the median APE was 9.7%, 11.2%, 14.8%, 15.1% and 17.7% with the Glucosafe model,
compared to 9.2%, 10.1%, 12.3%, 13.2% and 16.6% with both of the model extensions included, for
the same prediction time lengths.

Discussion
Predicted blood glucose concentrations with the Glucosafe model in its original form [7] are

sufficiently accurate for typical time intervals between two measurements. The pilot trial results [8]
showed that glycemic control was significantly improved, while no hypoglycemic event was observed.
Thus, model-based predictive control based on the Glucosafe model may be a step towards a consistent
reduction of elevated blood glucose levels. This retrospective analysis also explored two physiological
model extensions, which modestly improved the model’s predictive accuracy. However, as the data
used in this study were from a small cohort of patients with similar admission diagnosis, groups of
other patients with a different disease background should be used to verify these preliminary results.
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