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Derivations of respiratory system compliance (Crs), total resistance (Rtot), and plateau pressure (Pplt) equations using the expiratory time constant (ƬE) method

[bookmark: OLE_LINK89][bookmark: OLE_LINK90]Traditionally, the time constant of the respiratory system for an intubated patient is the product of the Crs and Rtot.  During inhalation, Rtot includes the series resistance of the endotracheal tube plus physiologic airways resistance.  Crs, Rtot, and Pplt values determined apply to the inspiratory phase of breathing.  Accordingly, inhaled flow is applicable to the following equations.  
As described in the literature, the ƬE can be estimated in real-time by dividing exhaled volume by exhaled flow during passive exhalation, i. e., ƬE (t)  =  Exhaled volume (t) / Exhaled flow (t).  Although associated with the exhalation phase of breathing, ƬE is a required mathematical term in the following equations for determining Crs, Rtot, and Pplt.  
After determining ƬE (see Methods section), Crs can be derived as follows:

[bookmark: OLE_LINK19][bookmark: OLE_LINK16]Paw  –  PEEP  =  VT / Crs  +  Rtot   X  Inhaled flow

Where Paw is peak pressure during inhalation and PEEP is positive end expiratory pressure. By multiplying both sides of the equation by Crs, yields:

[bookmark: OLE_LINK50][bookmark: OLE_LINK49]Crs (Paw  –  PEEP)  =  VT  +  Rtot  X  Crs  X  Inhaled flow

Substituting ƬE  for  Rtot   X  Crs  on the right side yields:

Crs  (Paw  –  PEEP)  = VT  +  ƬE   X  Inhaled flow

Dividing by (Paw – PEEP) gives:

				VT  +  ƬE  X  Inhaled flow
		Crs    =  
				       Paw  -  PEEP

Similarly, for Rtot, start with the equation:

Paw  –  PEEP  =  VT / Crs   +   Rtot   X  Inhaled flow

Multiply the term VT / Crs by Rtot / Rtot gives:

[bookmark: OLE_LINK72][bookmark: OLE_LINK71]Paw – PEEP = VT  X   Rtot / Crs  X  Rtot   +  Rtot   X  Inhaled flow

Substituting ƬE  for Rtot   X  Crs on the right side gives:

Paw  –  PEEP  =  VT  X  Rtot / ƬE   +  Rtot   X  Inhaled flow

Simplifying the right side gives:

Paw  –  PEEP  =  RRS (VT / ƬE  + Inhaled flow)

Dividing both sides by ( VT / ƬE  + Inhaled flow) gives:

				     Paw  -  PEEP
		Rtot  =  
				VT   
                                                    +   Inhaled flow
                                          ƬE

Lastly, for Pplt, use Pplt  =  (VT / Crs)  +  PEEP to provide:
 
  	              	 	              (VT  X  Paw)  –  (VT  X   PEEP)
Pplt    =   PEEP   +  
	                           	              VT   +   ƬE   X   Inhaled flow 








