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ABSTRACT

Keeping pace with emerging technologies, artificial pancreas is highly recommended
to be used as an alternate way to solve blood glucose level, BGL problem for type 1
diabetes and non-diabetes patients as well. However, due to the lack of effectiveness
in algorithm, the blood glucose level in patient’s body is still not achieving the
optimum level. This study was undertaken to improve medical treatment for type 1
diabetes and critically ill patients with stress-hyperglycaemia by ensuring all
parameters involved in glucose-insulin interaction physically are included in the
model’s equations. Mathematical models which describe insulin delivery mechanism
for type 1 diabetes (Hovorka model 2004) was reviewed referring to the reference
model. The research work continued with system identification technique with the
objective to study the interrelation among all parameters and variables in the diabetic
model. As a consequence, the results derived from the method, give us better
comprehension in determining which parameters give higher effects on the glucose
and insulin systems. Due to these changes, the equations in Hovorka model 2004 have
been modified in glucose subsystem, plasma insulin concentration and insulin
subsystem while the other equations remain unchanged. It is understood that time-to-
maximum insulin absorption, Timax is the most important parameter since it had effect
on all variables and gave highest effect percentage, 66.89% at plasma insulin
concentration, /(¢). Parameter addition in diabetic equation showed increment in the
sensitivity behaviour of variables and improved the reaction rate through the
simulation. Simulation with 16.7 mU/min and 100 mU/min of insulin administration,
u(t) were compared. Fluctuation of BGL with u(?) equals to 100 mU/min illustrates
safer range (4.4 to 6.6 mmol/L) in contrast to the other amount of u(?). Clinical data of
critically ill patients were selected for validation since the data for type 1 diabetes
patients were difficult to obtain in Malaysia. The existence of control in simulation of
patient 5 indicated better and safer blood glucose regulation, while in without control
condition, the patient was easily in hypoglycaemia state (0.2 mmol/L at 519 minutes).
The effect of blood glucose fluctuation with different amount of enteral and parenteral
glucose were also studied and it showed that 10 g/hr of enteral glucose was the best
option, while there was no significant difference in BGL with three types of parenteral
glucose amounts. The effect of glucose and insulin against time for both clinical and
simulation studies to the types of gender were investigated. From the results, it is clear
that male has more frequency to be in safe BGL compared to the female for both
scenarios. The graph clearly indicated that the simulation studies took less than 100
minutes, while the clinical studies needed approximately 120 minutes to reach safe
BGL boundary. Employing the modified Hovorka equations, simulation work on BGL
were examined with 16.7, 20.0, 50.0, 75.0 and 100 mU/min of u(?). 16.7 and 20.0
mU/min were found the most appropriate amounts of u(?) to regulate BGL in safe
range. As a result, we managed to have a good correlation on interactions between the
parameters in glucose-insulin intervention. For model validation purpose, actual
patient data which refers to data of critically ill patients in this research are used due to
scarcity of data available for type 1 diabetes patient in Malaysia. Critically ill patient
data are referred as case study as these patients behave in the same manner as type 1
diabetes when they are subjected to hypoglycaemia or hyperglysemia due to meal
disturbances.
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