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1. Noninvasive Monitoring of Transpulmonary Pressure 
2. Sedation is Not Always The Answer 

 

Objectives 



ARMA and PReVENT Trials

Pre ARMA: VT range 10-15ml/kg leading to stretch induced lung 
injury

ARMA: Compared 6 to 12ml/kg VT with plateaus < 30 mmHg 

A prospective study on patients with acute lung injury and 
the acute respiratory distress syndrome, showing a lower 
tidal volume strategy results in decreased mortality and 

increases the number of days without ventilator use.

Pendelluft phenomenon is defined as the 
displacement of gas from a more recruited 
nondependent (ND) lung region to a less 
recruited dependent (D) lung region. This 
phenomenon may cause lung injury.



Protecting the Functioning Aerated Lung 

Don’t Allow This To Turn Into This

Transpulmonary Pressure



Asynchrony Variables: Flow, Volume, Pressure and Time 

More Variables  = Increased Asynchrony 



Respiratory Equation of Motion

Pmus + Pvent = Resistance x Flow + Elastance x Volume
Breath Delivery = Airway Resistance + Lung Compliance 

Ventilator-induced lung injury is the acute lung injury 
inflicted or aggravated by mechanical ventilation during 
treatment and has the potential to cause significant 
morbidity and mortality. The potential morbidity and the 
mortality impact of ventilator-induced lung injury are 
increasingly recognized across the world. 



Mechanical Power: The Power of Each Delivered Breath  

As the understanding of VILI grows, there is a 
greater focus on mechanical power (MP) as a 
potential predictor of negative outcomes. Data 
currently suggests that a MP of >17.0 J/min is 
associated with higher risk of death 

Powersurr.corr = [VE x (Peak Pressure + PEEP + F/6)] / 20 MPPCV = 0.098 x RR x VT x (ΔPinsp + PEEP)



The Mean Airway Pressure



Cstat: Static Compliance  

CSTAT is best explained when transpulmonary 
pressure equals the elastic recoil pressure of the 

lungs, hence it only measures the elastic 
resistance.

Normal Range 
< 50 mL/cmH2O = Decreased Compliance
> 80 mL/cmH2O = Increased Compliance 



Plateau Pressure & Driving Pressure 

Plateau Pressure

Zero Flow

Plateau Pressure

Zero Flow

Total PEEP

Zero Flow

Driving Pressure
18.8 



Plateau 42.7

Total PEEP 23.9

Plateau – Total Peep =
Driving Pressure 18.8

Passive/Active

Active Patients: Driving Pressure & Plateau

Driving Pressure 
Vte 360/Cstat18.5

= DP 19.45

Plateau Pressure
DP 19.45 + PEEP 22

= Plat 41.45



Expiratory Time Constant 

Expiratory time constant (RCexp) is a measurement of how 
long it takes for a person to exhale. It's a product of airway 
resistance and lung compliance, and it's used to assess the 
mechanical properties of the respiratory system. 

Normal Range 
< 0.5 sec = Decreased 
Compliance
> 0.7 sec = High Rinsp and/or 
Compliance 
Psuedo Normal
High Rinsp and and low Cstat 



What is the RCexp and minimum exhalation time?

RCexp: 0.19
Min etime: 

0.19 x 2 = 0.38
0.19 x 3 = 0.57
0.19 x 4 = 0.76
0.19 x 5 = 0.95 

RR Set 24
TCT = 2.5 sec:
Ti(2.5– 0.38) = 2.12
Ti(2.5– 0.57) = 1.93
Ti(2.5– 0.76) = 1.74
Ti(2.5– 0.95) = 1.55



Driving Pressure 

Vte/Cstat 

360/18.5

= DP 19.45

Estimated Plateau Pressure

DP + PEEP

19.45 + 22

= Plateau 41.45

Min Expiratory Time 

RCexp x Desired Time Constant 

0.41 x 3 = 1.23 secs

Max Inspiratory Time 

TCT = 2.14 sec (60secs/RR28)

TCT 2.14 secs – Min Te 1.23 secs 

= Max Ti: 0.91

Calculating Airway Pressures 

What can we Fix?
RR? No: Ti + Te are 
appropriate
VT or PEEP? Look at the CXR 
and Waveforms



Synchrony and Asynchrony with Safe Pressures can still be Injurious 

Strong effort during mechanical ventilation, even if synchronized, may cause injurious inflation, 
including pendelluft (i.e., the early inspiratory transfer of gas from nondependent to dependent 
lung). In this setting, strong effort may cause dependent overstretch and tidal recruitment, 
worsening lung injury in dependent lung despite a low VT 



Assessing the Drive to Breathe: Occlusion Pressure – Many Names 
P0.1/P100

High Respiratory Drive = Tachypnea
Tachypnea = High Mechanical Power 



P0.1



P0.1



End Result P0.1 and Airway Pressures 

Driving Pressure
Vte/Cstat 
542/57.6
=DP 9.4

Plateau pressure
DP 9.4 + PEEP  5

Pplat 13.4

Driving Pressure
Vte/Cstat
321/119 
=DP 2.69 

Plateau pressure
DP 2.69 + PEEP 5

= Pplat 7.69  

Asynchronous Airway Pressures Synchronous Airway Pressures 



Pocc: End Expiratory Occlusion Pressure 

Pocc can be used to estimate both Pmus  and 
∆PL,dyn, a measure of the dynamic mechanical 
stress applied to the lung during inspiration 
estimated from Pocc by validated correction 

factors that adjust for chest wall elastance and the 
difference in chest wall kinematics between 

occluded and non-occluded conditions.

Normal Range -5 to -20 cmH2O



Pocc: Pmus and Dynamic Transpulmonary Driving Pressure

www.rtmaven.com/pocc

http://www.rtmaven.com/pocc


Sedated Intubated Patient

Reverse Triggering? 
Or

Ineffective Effort?

Flow Starvation



Why is the Plateau Rising?



Why is there no P0.1?



Pocc: Pmus and Dynamic Transpulmonary Driving Pressure 

Ptrough
PEEPtot



Summary: Prevent Trauma of the Functioning Lung 


