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MOTIVATION IMETHODS Sensitivity analysis
] . Forward sensitivity analysis using CVODES [6] in Mathworks
Artificial pancreas (AP) Simulation model Matlab
Continuous glucose monitoring (CGM) In absence of clinical data on Sensitivity equations solved simultaneously
Fully automated insulin infusion infusion faults, feed-forward . = L Of s: (ty) = 0Go ()
No user input simulations were used. L7967t T ap; N0 p;
Increased safety and reliability UVa/Padova T1DM model [5] Local sensitivity of glucose concentration (G) to parameters (p),
requirements 10 adult subjects l.e. change of G caused by change of parameter p;
Need for automatic fault detection Glucose sensing, insulin Normalized sensitivity coefficients:
absorption and meal digestion (1) 0G(p) p;
. . . S —
Insulin infusion faults dynamics vary with subjects. l dp; G (t)
Insulin infusion sets are the «Achilles heel» . . . . .
of continuous insulin infusion [1] Comparison of perturbations with glucose-increasing effect
With in-line detection, occlusions may Insulin infusion fault Meal disturbance Decreased insulin sensitivity
remain silent (for hours) [2] Parameter R;, rate of insulin Parameter R, rate of glucose Parameter k3, insulin action
Alternative detection based on CGM, e.g. [3] appearance in plasma [5] appearance in plasma [5] on liver [5]
Time delays and slow dynamics of insulin Time course of R; with Time course of R, from meal Nominal parameter value of
infusion and glucose sensing with the subject’s insulin needs simulation each subject
subcutaneous (SC) approach may
compromise the detection based on CGM. Example of sudden stop: Example of step from 0 to 2 Example of sudden change to
mg/kg/min: 50% of nominal value:
Variable insulin sensitivity 00— 20— | ¥ o —— -
Changing over time [4] g ol L o] 8 o
Inter- and intrasubject variability § 0 £ £
Affects the glucose levels by variable insulin § 20 8 a0 8 1
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Aim: Distinguish insulin infusion faults from R r— 120 == ) S — T T—
other disturbances in an artificial pancreas T *Note scaling of axes. fmeimn
Sensitivity to parameter changes
Sensitivity to parameter changes over time Mean local sensitivity after a meal of 25 g carbohydrates
Example of time course of a 3-meal-scenario for one subject Normalized sensitivity coefficients
Sensitivities of intravenous (IV) and SC CGM glucose Decreased insulin
 pm=R, =R, =y Insulin infusion fault R; Meal disturbance R, sensitivity k3
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Several types of perturbations can cause an increase in glucose levels.

Sensor faults and noise are further challenges.




