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Background: Typel Diabetes

Diabeteanellituscharacteristics
» singlemostcostlychronicdiseas€$1.05B/yr)
» malfunctioningpancreasesponse

Currenttreatmenimethodgansufcient
» manualcontrol- requirespatientintervention
» Inefcient monitoringanddrugdelivery

DCCT ResearclisroupStudy[N. Eng.J. Med.,1993]

» “Intensvetherafy effectively delaysthe onset
andslows the progressiorf (complications)n
patientswith IDDM”

Focus:closed—-loopmplantabledevice
') » componentsglucosesensorpump,algorithm
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The Type | Diabetic Patient
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[Parker etal, AIChE J.2000]

» 20nonlinearODES

» corvection,
diffusion,
metabolism

» mealeffects
» patientvariability

Limited to resting pa-
tients
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Patient ExerciseModeling

Exercise*opposite” of mealdisturbance
Potentiallydangeroushypoglycemia

Exercise—induceghysiologicaleffects
» Increasedardiacoutput
» blood o w redistrikution

» Increasedjlucoseandinsulin uptake by
exercisingtissue
Increased), demandor metabolism

» Increasedepaticglucoseproductiory release
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Quantifying ExerciselLevel

Enegy demandandavailability correlatewith O,
availability andutilization
Percentagef maximumoxygenuptale, % V O'
» easyto measure
» normalizepatients
» facilitatesinterpatientcomparison

Restis 8% V O'*
Exerciselevel dynamicsarefast

V max
P dct)z = gpvog’augepvog‘ax
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An ExercisePro le

0.3f — ' | 1 90 minutebout
of exerciseat 30
% V O

Rapidriseto
exerciselevel

Increased

glucosedemand

during

| | | physiological

0 = 150 recovery phase
» slower return

'j to resting
state

Exercise Level (PVOZmaX)
o
N

o
=

—p.7/17 AIChE 02



Blood Flow and Exercise
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PGU , (mg/min/kg muscle)
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Hepatic GlucoseProduction

Exercise—inducethcreaseH GPp
» assumedo balanceperipherademandat steady
state(H GP;° = PGUR®)
Glucosesourcds nite
» releasecapabilityvarieswith time

Mechanism®f glucoserelease/production
» glycogenolysis fast,primarysource
» gluconeogenesisslow, secondargource
» glycogen—dependetriansitionmechanism
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Hepatic GlucoseStorage

Glycogen- glucosepolymer
» 80ginliver

» depletionrate
nonlinearfunctionof exerciseintensity
approximatelyconstan(to 75%)

» characterizavith netdepletion
Exerciseandglycogenformulatedasmultipliers
HGP = M® M' M ME MP 155

ME = 14 HGP, PAMM
155
MP = :56+ :4445 tanh(:0018 ([GLY] 1550))

¢
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Effects of GlycogenDepletion
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GlycogenDynamics
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Insulin Dynamics

Exerciseincreasessulin clearance
» constanfractionalclearanc€liver, kidney)

» upto 3.4 Increasecalearancen actve muscle
tissue

PIC = C(eX)l J(1+ 24 PAMM)

Interactionswith glucosemetabolism
» reducednsulin—inducedylucoseremoval
» Increasedepaticglucoseoutput
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ExerciseModeling with Glycogen

Extendedlurationexercisedynamicscaptured

M P independenof exerciseintensity

¢
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Disturbance Dynamics Comparison
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Summary

Physiologically—demwedexercisemodel,extending
existing resting—patientormulation

» characterizedy % V O5'**andactve muscle
mass

» peripheralglucoseutilization
» nethepaticdynamicsjncludingglycogen
» Insulin interactions

Alternatve disturbancechallengédor controller
synthesis
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