Galeno - Modeling and Control for Personalized Drug Administration

Minto Model

Remifentanil

This work was supported by FEDER founds through COMPETE-Operational Programme Factors of Competitiveness
(“Programa Operacional Factores de Competitividade") and by Portuguese founds through the Center for Research
and Development in Mathematics and Applications (University of Aveiro), the Portuguese Foundation for Science
and Technology (“FCT-Fundagdo para a Ciéncia e a Tecnologia"), within project PEst-C/MAT/UI4106/2011 with
COMPETE number FCOMP-01-0124-FEDER-022690 and the Project GALENO — Modeling and Control for
Personalized Drug Administration, FCT PTDC/SAU-BEB/103667/2008.

2012, October



Galeno - Modeling and Control for Personalized Drug Administration

Minto Model - Remifentanil

The most common models for the effect concentration of a drug are compartmental systems.

A system is a set of interconnected elements that are dependent on each other and form a unit
that has specific characteristics and functions. Each system admits states that are defined as a set of
variables capable to describe the system in any instant of time. Systems can be classified as continuous
or discrete-time systems according to the continuous or discrete nature of the time-line over which their
variables are defined. Also, systems can be classified as open, closed or isolated. An open system can
exchange matter or energy with its surroundings, while a closed system can only exchange energy, but
not matter with its surroundings. In contrast, an isolated system cannot exchange neither energy nor
matter.

Compartmental systems are widely used to model the pharmacodynamics and pharmacokinetics
of intravenously administered drugs. A compartmental system is a system that has a finite number of
homogeneous, well-mixed subsystems, called compartments that exchange material among them and

with the environment. These models are based on the principle of mass conservation.
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Figure 1 - Representation of a compartment.

Ky

Iiji

Fig. 1 represents a compartment, in this case compartment i; here b; represents the input rate
(the drug infusion rate to a patient if we consider the specific case of anesthesia), x; is the concentration
of material in the compartment i, k; represents the rate of mass transfer from compartment i to
compartment j, and ki represents the rate of material output from compartment i to the environment.
The input to compartment i, is given by b;.u, where u is the total system input. This input, the state x;
and all the rate constants are assumed to be non-negative. At each time instant t, the variation x(t) is

the concentration of material in compartment i.

Compartmental Model (Linear Part)

Here this model includes three compartments, where both represent the pharmacokinetic model
(central and peripheral compartments). These compartments are combined with an effect compartment
which is part of the pharmacodynamic part of the model, see Fig. 3. Pharmacokinetics describes the
path that a drug does inside the body, whereas pharmacodynamics means the pharmacology field that

studies the physiological effects of drugs, and their mechanisms of action.
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Figure 2 - Compartmental Model of the Minto Model for Remifentanil.

This model has seven patient dependent parameters: ky, ki, With (kyo = ki + k1), Kiz, ki3, ka1,

ka1, and keo (min™) that must be identified for each particular patient. The variables V;, V,, and V3 (mL)

correspond to the volume of the central and peripheral compartments, respectively. The state variables

Ci, C, and C; (ug/mL) correspond to the drug concentrations in central and peripheral compartments,

whereas C. (ug/mL) is the drug concentration in the effect compartment, also known as effect

concentration. The input u(t) (ug/min) corresponds to the delivery rate of drug concentration with

respect to the central compartment. The output y(t) (ug/mL) corresponds to the effect concentration.

- Value of the variables for the Schnider Model:

Vi = [5.1 - 0.0201*(age - 40) + 0.072*(LBM - 55)] [L];
V, = [9.82 - 0.0811*(age - 40) + 0.108*(LBM - 55)] [L];
Vs =5.42 [L];

kio = (2.6 - 0.0162*(age - 40) + 0.0191*(LBM - 55))/V; [min™]; (k1o = k1o + k1)
ki, = (2.05 - 0.0301*(age - 40))/V; [min™];

kis = (0.076 - 0.00113*(age - 40))/V; [min™];

ka1 = ki2*Vi/V; [min™];

ka1 =k13*V1/V3 [min™];

keo = 0.595 - 0.007*(age - 40) [min™];

LBM formula:

Male: 1.10*weight(kg) - 128*weight(kg)*2/height(cm)/2;
Female: 1.07*weight(kg) - 148*weight(kg)*2/height(cm)/2;
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The corresponding state-space equations are as follows.

- V. V-
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The equations obtained from the state-space equations are the following:

d ~ ~ ~ ~
% =1r(t) + Q2kp1 + Q3k3; — Q1(k10 + kip + kq3 + kle) ,com kqg + kie = kqo;

dqQ
d—tz = Q1k12 — Qzkz1;

dqQ
d_: = Q1ky2 — Qzk31 ;

dQe ~
d(i = Q1k1e — Qckeo

yields  qc, ~
Qe =Ve.Ce— Ve? = V1. Cikie — Ve Cekeo

S
Ce = V_:klecl — Cekeo

once:
fim Ce(®) = Jim €1(0) = Jim Co(6) = 0
EQEM = Cekeo = ECel~C1e = Cekeo = Ekw = keo
Ve Ve Ve
and so:
o % =71(t) + Qzka1 + Qzkzy — Q1(k1o + k12 + ki3)
s % = Q1k12 — Q2kz1
® % = Q1k12 — Qsk3q

aqQ .

d—: = Q1keo — Qeokep Since:

Representantion of the concentration in each compartment:
Vi = Q;

ac; _ 1 aQ;
at vy de
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And finally:

dc 1 V. V.
—dtl = r(t).V— + '162162(0-‘,_2 + k31C3(’5)-V—3 — (ko + k12 + kq13)Ci (1)
1 1 1

dc V.
d_tz = klzcl(t)-v_: — k21C5(t)
dc V.

d_: = k1361(t)-v_: — k31C5(t)
dce

ZE () = keoC1(t) — keoCe(2)

Plasmatic Concentration - C,

WO =G0

Effect Concentration - C,

dcCe
L (£) = keoCr(t) = keoCe(t)
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