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» Acute respiratory distress syndrome (ARDS) severity
varies between patients

» Optimal ventilator settings for each patient will be
different

Normal lungs  ARDS lungs

» Mathematical models that capture patient-specific information can enable personalised
mechanical ventilation

» It is difficult to find a model that captures all important dynamics while still being simple
enough to be useable in the ICU

» A new nonlinear autoregressive model (NARX) aims to fit airway pressure better than
current models
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» A simple model with single resistance and elastance terms

P(t) = EV(t) + RV(t) + P,
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» A grey box approach

X(t) = z a;X(t-;) + zz b;i0;(t;—;) + z cif (X(t1-1))
I J

i i

where: X = measured output
a, b, ¢ = coefficients to be identified

0 = known input
j = number of known inputs
i = length of inputs
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Paw () = T3 ai0;q(Pa D)V () + Thoo bV (¢2;) + Po(t)
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Paw(©) = X1 a;i0;4(Pay (0D))V () H Xhg bV (t-;) + Po(0)

» L number of b coefficients

» L was chosen as 350

» These terms represent the effects of airway resistance to flow and changes in flow

1

RMS Pressure Residual
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Paw(©) = X1 a;0; 4 (o (D))V (&) + Tho bV (t-;) + Po(0)

> M is the number of basis-functions to be used

> Gi,d(PaW(t)) is the basis function value for a given pressure measurement.

» M=5,d=1
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Po () = 21 ai0;q (P (O)V () + Xhoo bV (t-;) + Po(t)

Ax=Db

(01 a(Paw IV (o) o BraPaw &)V (E0) V(o) - V(tp) ]
A= Bra(Paw (EIV () oo Bug(Pay @V (E) V() .. V(tL—j—Z)
B4 Paw GV () BupaPayEDWV () V(Ew) o Vitws)

“a

_Paw(to) - PO(tO)_ E

b = Paw(tl):_ PO(tl); and x = (’Il;;’l

Py (En) — Po(ty)d :

| b; |
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NARX Model
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> M =5

> First and second order basis
functions capture a similar
curve

> Five zero order functions
cannot capture the same curve
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» 25 patients with ARDS
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» 60% of the data was not needed to identify an accurate NARX model
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» Extrapolation: By extending the elastance curve beyond known pressures, we can predict
behaviour at higher PEEP
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» Basis functions were incorporated into a nonlinear autoregressive model

» The NARX model fits to airway pressure during a recruitment manoeuvre better than the
FOM

» The model is able to capture pressure dependent elastance
» ltis identifiable in real time, requiring only flow and pressure measurements

» The results should be verified by testing with a larger sample size and different
ventilation modes
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