
Airway Pressure Release Ventilation (APRV) is 
classified as a form of pressure control intermittent 
mandatory ventilation implemented with inverse I:E 
ratio and unrestricted spontaneous breathing. APRV is 
also associated with unique terminology for ventilator 
settings. For example: inspiratory pressure and time are 
called P-high and T-high; expiratory pressure and time 
are called P-low and T-low. On some ventialtors, the 
mandatory breath frequency is a function of set T-high 
and T-low. On others (eg the Covidien PB 840), T-low is 
a function of the set T-high and frequency. 

One method of setting APRV relies on autoPEEP 
generated by short expiratory times (T-low) to maintain 
end expiratory lung volume.1 However, some ventilators 
are designed to synchronize the transition from P-high 
to P-low with any spontaneous exhalation that occurs 
near the end of T-high. Doing this may affect T-low and 
hence the level of totalPEEP (set PEEP plus 
autoPEEP). 

The purpose of this study was to describe some of the 
complex interactions among ventilator settings, tidal 
volume and totalPEEP using this technique using the 
PB 840 ventilator. 
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Results Conclusions Introduction Methods 
•  The Covidien PB 840 ventilator is designed to cycle 

(end) mandatory breaths (P-high, T-high) early if a 
spontaneous exhalation is detected in a 
synchronization window at the end of T-high.  

•  As a result, the actual T-low values were not as 
expected from the ventilator settings when attepting 
to implement APRV in a sponteneously breathing 
model using very shortT-low times.1 (compare Figure 
3 and Figure 4) 

•  The implication is that use of very short values for T-
low made the generation of totalPEEP unpredictable. 

•  Tidal volumes were excessive (average 12.4 mL/kg) 
and totalPEEP was not controllable using T-low in 
this spontaneously breathing model.  

Both active and passive patients were modeled using 
an IngMar Medical ALS 5000 breathing simulator 
(Figure 1). Published parameters for an ARDS patient 
were used for the model parameters.2  
Lung model: weight = 60 kg, Rinsp = 11 cm H2O/L/s, 
Rexp = 16 cm H2O/L/s, C = 29 mL/cm H2O.  
Effort model: VT = 216 mL (≈50% effort), frequency = 
25/min, Pmax = 10 cm H2O, increase = 27.2%, hold = 
0%, release = 19.6%. The effort was sufficient to 
generate 50% of an unassisted normal VT. 
Ventilator settings (for Covidien PB 840) were taken 
from published studies: Mode = BiLevel, P-high = 24 cm 
H2O, f = 10/min, P-low = 0 cm H2O. T-low was varied 
between 0.2 and 0.8 s.  
Waveforms recorded with the simulator were used to 
calculate values for various parameters (Figure 2). End 
expiratory and end inspiratory volumes (VEE, VEI,) were 
averaged over 10 breaths from waveforms recorded by 
the simulator. Total inflation volume (VTI) was calculated 
as VEI – VEE and included the volume change for 
mandatory breath pressure changes (P-high minus P-
low) and for spontaneous breath pressure changes 
(change in simulated muscle pressure during P-high).  

Chatburn consults for IngMar. 

Figure 1.  IngMar ASL 5000 breathing simulator 

For the passive patient model, VTI increased and 
totalPEEP decreased as set T-low increased (Figure 3).  
 
In contrast, for the active patient model, VTI and 
totalPEEP remained constant as set T-low increased 
(Figure 4). Measured T-low remained constant at about 
0.7 s regardless of the set T-low values.  

Figure 3.  Results for passive patient. 
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Figure 4.  Results for active patient. 

Figure 2.  Analysis of waveforms recorded by breathing simulator 
(active breathing). V = volume, Patm = atmospheric pressure, PEF = 
peak expiratory flow, TEF = terminal expiratory flow (end expiration). 


