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A. Lumbar infusion test

).S—LJ B. Intracranial pressure (ICP)

|¢- start injection stop =

Intracranial pressure © i ieii e 3
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(Iprod + Iinf)(Pb - Pv)

PM(t) =
( ) Iprod + Iinf : exp[_E(Iprod + Iinf) t]
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Iprod =
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# Importation of libraries

using JLBrainPhysio

using JLBrainPhysio.ModelingToolkit

using JLBrainPhysio.DifferentialEquations

using JLBrainPhysio.Plots

using ModelingToolkit: t nounits as t, D nounits as D
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Pbaseline=8 # mmHg

Pv=5 # mmHg

Qinjection=0.01 # ml/s
Routflow=8*60 # mmHg/ml.s
Qprod=(Pbaseline-Pv)/Routflow
E=0.6 #(1/ml)
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@named Inj = ConstantFlow(Q = Qinjection);
@named Prod = ConstantFlow(Q = Qprod);

@named Ro = ResistorValve(R = Routflow);

@named C = NonLinear Compliance(k = E, p0 = 0);
@named Pssinus = ConstantPressure(P=Pv)
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# Creation of a list that contains all the elements of the system
elements= [Inj, Prod, Ro,C,Pssinus]
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# Creation of the connections in the system
assembly = [

connect(Inj.node, Ro.in)

connect(Prod.node, ####)

connect(Ro.in, C.in)

connect(Ro.out, ####)

connect(C.out, Pssinus.node)

1;
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# Creation of an ODE system

@named model = ODESystem(assembly, t);

# Compose the ODE system with the list of elements
@named model = compose( model, elements)

# Creation of a simplified ODE system

sys = structural simplify(model)
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# View the unknowns of the system
unknowns (sys)
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# Initial conditions
ud = [C.V => 100.0 #ml
C.in.p => Pbaseline

]
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# Creation of an ODE problem
prob = ODEProblem(sys, u0, (0, 10*60),saveat = 1)

i >

# Compute solution
sol = solve(prob)
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plot(sol, idxs = [C.in.p],

title = "InfusionTest",

labels = "JLBrainPhysio solution",
xlabel = "Time (s)",

ylabel = "ICP (mmHg)", color = "red")
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# Time vector (in seconds)

spantime= 0:1:600

# Analytical pressure function

P =@. ((Qprod + Qinjection) * (Pbaseline - Pv)) / (Qprod +
Qinjection * exp(-E *

(Qprod + Qinjection) * t)) + Pv
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plot! (spantime, P;

label = "Analytical solution",

line = (:dash, 2), # dashed line, width 2
color = :black # black color

)
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using CSV

using DataFrames

df = CSV.read("C:/Users/alexandra.vallet/Documents/icp data.csv",
DataFrame);
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time = Array(df[:, 11);
pressure_raw = #####
pressure smoothed = #####
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tinit=140

idx = time .> tinit

time filtered = time[idx]
pressure filtered = ####
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