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Setting APRV using the TCAV Method as a Rescue Strategy 
 
As with any mode of mechanical ventilation, the settings for Airway Pressure Release Ventilation 
(APRV) using the Habashi technique of Time Controlled Adaptive Ventilation (TCAV) method will 
be different when applied as a rescue strategy.  Although APRV is a form of continuous positive 
airway pressure (CPAP) and can be used to facilitate early spontaneous breathing, it can also be 
used in non-spontaneously breathing patients.   
 
There are 4 parameters to set with APRV.  Together, the Pressure High (PHigh) and the Time High 
(THigh) create the CPAP Phase.  Together, the Pressure Low (PLow) and T Low (TLow) create the 
Release Phase.  This document is designed to describe TCAV settings and rationale.   
 

Setting Rationale 

PHigh 

The PHigh is set to maintain lung inflation along the steep portion of the pressure-volume curve (between 
functional residual capacity (FRC) and total lung capacity (TLC)).  Before transitioning to TCAV, it is ideal 
to assess the patient’s intravascular status to determine preload dependency.  Data demonstrate 
patients with a positive preload dependency would respond favorably to a fluid bolus without generating 
pulmonary edema (1).     

PLow 

Unlike conventional ventilation modes with a PEEP set at 0 cmH2O, a PLow of 0 cmH2O in TCAV will not 
result in alveolar instability and collapse. In conjunction with the release phase (TLow), only a fraction of 
PHigh is dissipated, thereby maintaining a static lung volume at a positive expiratory pressure.  Time 
control rather than a set pressure (i.e. PEEP) is used for alveolar stability and captures the fastest closing 
time constant of the alveolus.  Adding a PLow >0 cmH2O has been shown to increase PCO2 and has a 
negative effect on secretion removal (2).   

THigh 

The THigh controls bulk rate (convective) and alveolar (diffusive) ventilation.  THigh also controls end-
inspiratory lung volume and promotes alveolar stability to increase and maintain lung recruitment.  The 
time dependent nature of recruitment dictates sufficient time at an optimal pressure in order to recruit 
alveoli and enhances CO2 clearance through diffusive ventilation. Alveolar recruitment increases alveolar 
surface area and optimizes gas diffusion, which minimizes stress-concentrators over a more 
homogenous lung (3,4).  
Using a THigh of 4-6 seconds is typical for patients with routine post-operative atelectasis or normal lungs 
but would be inadequate when using as a rescue strategy.  In addition, the time dependent nature of 
diffusive CO2 clearance may not occur for 12-24 hours.  Therefore, when using as a rescue strategy a 
briefer THigh is required to provide more bulk ventilation until the lung has recruited and stabilized.  It is 
important to make the distinction between alveolar recruitment and stability.  Alveolar stability is time-
dependent and make take more than 24 hours to occur (5).   
NOTE: If the Vt drops below 3 mL/kg after transitioning, it may be necessary to decrease THigh and 
increase PHigh in order to maintain or exceed pre-transition minute ventilation (MVe).  

TLow 

The TLow is the duration of the release phase and controls the amount of airway pressure (PHigh) and lung 
volume to be released.  In addition, the termination of TLow controls the amount of retained end-
expiratory lung volume and pressure (release phase). The TLow facilitates the transfer of potential to 
kinetic energy generated (recoil force) in the thoraco-abdominal cavity during the CPAP (PHigh/PLow) 
phase. Ideally, the TLow is controlled in 1/100 second increments for precise adjustments.   
During the release phase, expiratory gas flow through the artificial airway creates a slope angle of 
deceleration (See Figure 1). The resultant slope angle is analyzed as this reflects mechanical properties 
of the respiratory system.   Although the release phase is protocolized to terminate (EFT) at 75% of the 
expiratory flow peak (EFP) (EFP×75%=EFT), the time to achieve 75% is personalized to the patient and the 
time course of their respiratory mechanics.  The EFT/EFP of 75% has been clinically and experimentally 
validated to optimize alveolar stability (3).  
 



 

Intensive Care On-line Network  Copyright 2020 – Do Not Reproduce Without Permission 2 

Understanding the slope angle during the release phase 
The TCAV method relies on the analysis of the slope angle of the expiratory flow-time curve as changes 
in the slope reflect changes in respiratory system elastance (compliance). 
Slope analysis yields the following information:  

1) Time to termination of the release phase 
a. dictates expiratory flow termination/expiratory peak flow (EFT/EPF) (i.e. 75%) 

2) Reflects elastance of the respiratory system 
a. provides real-time assessment of lung mechanics (6) 
b. matches Vt to changes in elastance (i.e. worsening or improving respiratory system 

mechanics) 
c. parallels residual lung aeration (“baby lung” size), which correlates with compliance 

rather than IBW (7).  
d. provides a bedside visual feedback loop as the physiologic condition of the respiratory 

system changes as determined by the slope angle  
 
Figure 1 –TLow based on slope angle 

 
 

 
 

 

The release phase is protocolized for the slope angle to terminate 
(EFT) at 75% of the expiratory flow peak (EFP) (EFP×75%=EFT).  The 
time to achieve 75% is personalized to the patient and the time 
course of their respiratory mechanics.  When the slope angle 
becomes more acute with increasing elastance as recoil forces 
intensify, a time reduction of (TLow) is necessary if EFT/EPF is <75%.  
For example:  
a:  Normal lung - TLow is 0.5 seconds 
     Moderate ARDS - 0.4 seconds 
     Severe ARDS - 0.3 seconds  
b: The release phase (TLow) is calculated by expiratory flow 
terminating (EFT) at 75% of the expiratory flow peak (EFP) (red 
arrowhead). 
  
In this example, the EFP = -50 L/min, so flow will be terminated 
(EFT) at -37.5 L/min (-50 L/min × 75% = -37.5 l/min). Although the 
EFT is always at -37.5 L/min in our example, the TLow varies (0.3, 
0.4, 0.5 s) due to changes in the slope angle. As elastance 
increases, the slope angle dictates a reduction in TLow resulting in 
a lower Vt; conversely, Vt increases with decreasing elastance.  
Note: TCAV used as rescue on patients with increased elastance 
typically results in Vt less than 6 mL/kg [frequently 3–5 mL/kg] 
resulting in a lower minute ventilation (MVe).  If this occurs, 
increase MVe by decreasing the THigh i.e. (increasing rate) to 
achieve or exceed previous MVe.  If Vt is <3mL/kg consider 
increasing PHigh or a combination of increased PHigh and decreased 
THigh.  As the lung recruits [compliance improves], MVe 
requirements decrease allowing the THigh to be increased.  DO 
NOT increase MVe by increasing TLow unless EFT/EPF is >75% as this 
will decrease alveolar stability. 
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Table 1 – Initial Rescue APRV Settings using the TCAV method transitioning from another mode. 
These settings are when transitioning from another mode of ventilation for RESCUE and differ from early or 
preemptive TCAV as in post-operative atelectasis or airway protection for normal lungs.   
 

Initial Settings – adjustment to settings 
are based on analysis of MVe, slope 
angle and blood gases  

From Volume 
Control Mode 

From Pressure 
Control Mode 

From Dual 
Targeted Mode From HFOV 

PHigh (cmH2O)* 
Equal to 
plateau 
pressure 

Equal to peak 
pressure 

Equal to peak 
pressure 

Mean airway 
pressure plus  

2-4 cmH2O 
PLow (cmH2O) 0 0 0 0 

THigh (seconds)** 
Set to match rate on mode transitioning from using the formula:  

(60/current rate) – TLow (i.e. rate 26; (60/26) = 2.3 
If T Low is 0.5, then T High would be set to 1.8 seconds 

TLow (seconds)*** set to terminate at 
75% of peak expiratory flow (PEFR).   
NOTE: Use these ranges as a starting 
point and adjust to achieve 75% 
termination of peak expiratory flow rate. 

0.4-0.6 0.4-0.6 0.4-0.6 0.4-0.6 

 
 
Table 2 - Initial Rescue APRV Settings using the TCAV method as initial mode. 
These settings are when using TCAV RESCUE as the initial mode and differ from early or preemptive TCAV as in 
post-operative atelectasis or airway protection for normal lungs.   
 

Initial Settings – adjustment to settings are based on analysis of 
MVe, slope angle and blood gases Mild Moderate Severe 

PHigh (cmH2O) based on Berlin criteria 20-24 25-29 26-30* 
PLow (cmH2O) 0 0 0 
THigh (seconds) Consider rate required based on 
respiratory/metabolic acidosis.  NOTE: Use these ranges as a 
starting point and adjust based on blood gas.  

2-4 2-3 1-3 

TLow (seconds)*** set to terminate at 75% of peak expiratory flow  
NOTE: Use these ranges as a starting point and adjust to achieve 
75% termination of peak expiratory flow rate.  

0.4-0.6 0.3-0.5 0.2-0.4 

*A PHigh greater than 30 cmH2O may be required depending on body habitus and with increased chest wall elastance 
** When transitioning to Rescue TCAV, Vt typically decreases to <6mL/kg resulting in a lower minute ventilation (MVe). In this 
case increase the (MVe) by (decreased THigh i.e. (rate) to achieve or exceed previous MVe.  DO NOT increase MVe by increasing 
TLow unless EFT/EPF is >75 as this will decrease alveolar stability. If Vt is <3mL/kg consider increasing PHigh or a combination of 
increased PHigh and decreased THigh .  As the lung recruits [compliance improves], MVe requirements decrease allowing the THigh 
to be increased.  DO NOT increase MVe by increasing TLow unless EFT/EPF is >75% as this will decrease alveolar stability. 
***These are ranges for initial TLow settings.  It is possible for the TLow setting that achieves 75% of peak expiratory flow to be 
higher or lower than the initial suggested ranges.    
 
Optimizing TCAV 

• Decrease FiO2 to 40% while maintaining a SpO2 >95% 
• Do not decrease PHigh for at least 24 hours once FiO2 is 40% with SpO2 >95% in order to 

maintain lung stability   
• Optimize THigh by increasing 0.5-2 seconds to maintain normal PCO2 
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