Validation of a virtual trial method for tight glycemic control in intensive care. 
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Background: Virtual trials based on a metabolic system model and clinical data have been used by our research group to develop tight glycemic control (TGC) strategies. Virtual patients are created from the data and the model, upon which new strategies can be tested. While clinically tested in several cases, the underlying method has never been fully validated.
Aim: To validate the model and methods used for virtual trials using clinical data from two matched cohorts from an independent TGC trial.
Methods: A retrospective analysis using records from a 211 patient subset of the Glucontrol trial taken in Liege, Belgium. Glucontrol-A (N = 142) targeted 4.4-6.1 mmol/L and Glucontrol-B (N = 69) targeted 7.8-10.0 mmol/L. Cohorts were matched by APACHE II score. The Glucontrol A cohort was slightly older (p = 0.0352). Virtual trial methods are used for self-validation (A protocol on Group A virtual patients; and B protocol on B virtual patients) and cross-validation (A protocol on Group B virtual patients; and B protocol on A virtual patients). These tests show whether these virtual trials accurately capture individual patients.
Results: Intra-patient metabolic variability is very similar across median, IQR and 90% CI of the model-based insulin sensitivity range for both cohorts. Model fit errors are very small (<0.25%) for both cohorts, indicating model fitness. Cohort median blood glucose was within 5% (0.3-0.5 mmol/L) of the clinical values for self and cross validation tests on both cohorts. Distributions were within 1-10% across all glycemic levels.
Conclusions: Self validation indicated clinically insignificant error due to model and/or clinical compliance. Cross validation clearly shows the virtual patients created from clinical data are independent of the clinical inputs used to generate them and can represent any similar cohort. Thus, virtual patients and in silico virtual trials are validated in their ability to accurately simulate, in advance, the clinical results at a TGC protocol, enabling rapid in silico protocol design of optimisation.
