A critical analysis of the BG clustering model developed 

Thesis was meant to include crossbridge PDEs. 
Emphasis being on the application of BG to airway trees
· The electrical analogy for airway dynamics lends itself naturally to the construction of BG equivalent models of airways that incorporate resistive, capacitive (static and dynamic) as well as viscous effects, all in an energy conserving manner.
· 
Background of model:
· Used BG formalism for airway segments, following the work of Safaei et al. u and v represents the pressure and airflow respectively.
· Non-terminating airways that transport air towards the acinus are modeled using the RCI pressure-flow type.
· uin  represents the pressure at the airway entrance. u represents the pressure in the airway that drives the flow v following Poiseuille flow. 
· vout  represents the airflow out of the airway. Conservation of flow ensures that airflow is split from the parent conduction airways to the children airways.
· R represents the airway resistance, C is the airway compliance.
· I represents the mass-inertial effect
·   Terminating airways are modeled using the RCR pressure-pressure type
· R, C and I  are similarly defined but varying due to reduced airway radii.
· End pressure BC is set to acinar pressure.
· Pressure difference from top of airway tree to acinar is set and flow is modulated via Poiseuille flow and conserved at each airway branch.
· Airway Dynamics is modeled using 
· Airway wall non-linearity of Lambert. First order dynamics model the time dependent airway closure. Airway transmural pressure is modeled as a balance between inner airway pressure, airway smooth muscle contractile pressure and the opposing parenchymal pressure. 
· Single terminal airway feeds respiratory acinus, with pressure drop from airway entrance and acinus driving airflow. 
· Parenchymal tethering pressure arises from the restoring forces generated by the parenchymal tissue surrounding the airway. Parenchymal shear modulus, which crucially depends on lung inflation and provides coupling
via the parenchymal interdependence.
· ASM contractility is modelled using the Hai-Murphy cross-bridge ODE model.

What was done:
· Imposed tidal oscillatory boundary conditions at the top of airway and in the acinus, following Anafi-Wilson
· Activated ASM applies contractile force uniformly on entire airway tree.
· ASM is ramped up until airway closures and heterogeneous clusters emerge.
· Clustering patterns for randomized radii were obtained.
· Effect of slow and fast breathing at low and high amplitude on clustering patterns. 

Results:
· Airway heterogeneity occurs as the terminal airways go from fully opened to fully closed.
· Model structure ensures conservation of flow.

Introduction Structure:
· Background on Clustered ventilation and models and expts that show these
· Major theoretical models that has shown this exist
· Donovan 2016 – Incorporated airway-airway coupling via flow through conducting airway
· Rationale for this work. Description of model
· We construct a model based on Donovan, Donovan and Kritter incorporating the conducting airway tree, non-linear airway dynamics of Lambert, terminal conducting airway units with a pulmonary acinus of Anafi-Wilson type at oscillating tidal pressures, ASM contraction via Hai-Murphy crossbrige model all in a bond graph framework.  
· Results




Model State Units
· Pref: cmH20
· q_hat: -50 mm3/s equiv to 0.9L/s
· E1: 0.25kPa/ml = 2.5 cmH20/ml
· pa_bar: ;p_bot: cmH2O


Note: 
· Increasing kappa is equivalent to increasing methacholine. Might be good to track the max/Min of airways as kappa increases? 
· Current cluster is a static shot at end stage of closure. Can we then obtain a time-series of airway/cluster values?
· [bookmark: _Hlk96418196]Time series for airway clusters show multiple clustering patterns as ASM activation (kappa) is increased from homogeneous opened states to homogeneous closure states. (order 5, 6 checked).
· Air() is the state of the radius of each airway in the branch for each time point.
· Summ is the state of clustering of the terminal airway unit at each time point for a given kappa value.
· For the 100 perturbed kappa values, for the same 1% IC radii noise, we produce 1000 summ values for each time point. 
· This model shows the increasing sizes of cvdefs as the MCh concentration is increased. 
· For a constant kappa, there can exist multiple cvdefs patterns and sizes.

Further work: Consider to apply a stepwise increase in kappa (simulating a MCh challenge), and measure the time-dependent closure and reopening of the airways. Apply DI to this model plus DM ASM
Can randomized wall thickness 

