
PART I – Measurement of Plateau Pressure: 
In order to adjust ventilator modes in the emergency department to the unique needs of critically ill 
patients with obstructive respiratory disease (e.g asthma or COPD), it is mandatory to first 
understand the concepts of peak pressure, resistive pressure, plateau pressure, and end-
expiratory pressure.  
 
Plateau pressure is the direct or “elastic” pressure experienced within the alveoli when the 
ventilator inflates them. Peak pressure is the total pressure, with which the machine pushes air 
into the endotracheal tube (peak pressure is the initial pressure at the beginning of the 
endotracheal tube where it attaches to the ventilator, and plateau pressure is the end or “leftover” 
pressure that arrives at the alveoli. In a sense, peak pressure is the “gross” product and plateau 
pressure is the “net” product). Resistive pressure is the pressure that the machine has to generate 
to get air past the resistance of mechanical airway tubing and the biological dead spaces within the 
lung (bronchi and bronchioles) to deliver oxygen into the alveoli. Thus, peak pressure is plateau 
pressure + resistive pressure. Obstructions (mucus plugs, airway spasm, etc) increase resistive 
pressure, which diminishes plateau pressure if peak pressure is kept constant.   
 
Research shows that in order to assure adequate ventilation in intubated patients, plateau 
pressure inside the alveoli) should be tracked, not peak pressure, as is often done in the 
emergency department because ventilators will automatically track that variable in pressure mode, 
whereas measuring plateau pressure requires the practitioner to interact with the machine. 
Tracking peak pressure is suboptimal because if resistive pressure is high (as it is in asthma), then 
a “reasonable” (� key point!) peak pressure programmed into the ventilator in pressure-control 
mode will mostly be “expended” in overcoming resistive pressure of the blocked airways, leaving 
very little plateau pressure to deliver oxygen to the alveoli. In other words, “reasonable” peak 
pressures (i.e., 30–40 cm H2O) programmed into the ventilator can result in potentially severe 
hypoxia (no oxygen arrives at the alveoli) for the patient.  
 
Naturally, clinicians will eventually detect signs of a patient’s alveoli being hypoventilated (or 
hyperinflated if resistive pressure drops and plateau pressure now is excessive). However, 
learning how to track plateau pressures and proactively managing the patient’s alveolar 
environment is obviously preferable to waiting for a patient to show signs of hypoxia or 
barotrauma, and the associated hypotension.    
 
Clinicians can track plateau pressures by using the assist-control volume cycled mode on the 
ventilator instead of the pressure-control setting. Using a volume-controleld ventilator setting is 
necessary because: 
 

• a ventilator’s “pressure-control” mode will only measure peak pressures, NOT plateau 
pressures.  

 
• a ventilator’s “assist-control mode”, on the other hand, will only measure volumes, but – and 

this is the key point – in this mode, the ventilator can be tricked into measuring plateau 
pressures with a simple 2-step bedside maneuver: 

 
• Step 1: Measurement of “Plateau Pressure” at the Bedside: with the ventilator in the 

assist control, volume-cycled mode, the plateau airway pressure can be measured either 
with a manual “inspiratory hold” (practitioner manually pushes the inspiratory hold 
button at the end of inhalation for 0.5–1.0 seconds and reads the pressure on the 



monitor) or with a programmed measurement (practitioner selects an end-inspiratory 
hold duration and the ventilator completes the maneuver, allowing the plateau pressure 
to be read on the pressure monitor).  

 
• Step 2: Adjustment of the Ventilator’s Volume Settings: Clinicians should use this 

plateau pressure measurement to adjust the ventilator volume such that the ventilator 
delivers a “plateau” airway pressure < 30 cm H2O. Thus, the machine delivers a safe 
pressure to the alveoli, even though the machine “thinks of itself” as delivering a certain 
volume.  

 
Research on ventilator modes has shown that assist control, volume-cycled ventilation with tidal 
volumes set to a static plateau pressure < 30 cm H2O is associated with the most significant 
improvement in patient outcomes.  
 
PART II – Choosing PEEP after intubating a patient with obstructive lung disease: 
 
In severe airway obstruction, two ventilation challenges must be overcome: alveolar 
hypoventilation due to airway obstruction during inhalation, and air trapping within the lung due 
to airway obstruction during exhalation.  
 
The cornerstone to avoiding both problems is to proactively manage plateau pressure and positive 
end expiratory pressures (PEEP). 
 
Problem #1 -Alveolar Hypoventilation:  
In patients with severe obstructive lung disease nearly no volume may be delivered to the alveoli 
despite very high peak pressures programmed into the ventilator (40-60 cm H2O) because the 
resistive pressure from the obstructed large airways cancels the ventilator’s entire forward 
pressure (peak pressure). By the time the ventilator’s forward-push finally succeeds in opening the 
closed airways and begins moving the first little bit of air into the alveoli, the ventilator registers 
its maximum, pre-programmed pressure and stops delivering the breath. The volume thus 
delivered by the ventilator might only ventilate the patient’s dead space, leaving the alveoli 
unventilated. The solution is to measure plateau pressure instead of peak pressure. With a 
plateau pressure measurement in hand, the ventilator’s peak pressure limits can be set very high – 
as high as truly needed by the patient - without concern for barotrauma, so long as plateau 
pressures are maintained at 20-30 cm H2O.  
 
Problem #2 - Air Trapping: 
In severe bronchial obstruction, breaths can be forced past obstructions INTO the alveoli by the 
ventilator, but they may not be able to fully leave the alveoli during the passive exhalation phase 
because the airways collapse as soon as the ventilator stops forcing air into the lungs. The collapsed 
airways prevent full exhalation, leaving part of the previous breath in the alveoli as the next fresh 
breath is delivered. In a sense, the lung becomes a one-way valve, which can lead to such severe 
over-pressurization within the lung that a tension pneumothorax develops.  
 
The trapped air pressure can be measured with an end-expiratory hold maneuver of 0.5–1.0 
seconds that is similar to the one for measuring plateau pressures. This requires a fully 
sedated/paralyzed, ventilated patient (respiratory muscles must be completely relaxed for this to 
be accurate): 
 



• At the end of expiration, the hold button is pushed for 0.5–1.0 seconds. During the hold, the 
ventilator’s pressure monitor will display total PEEP. The remaining intrathoracic gas 
pressure at the end of exhalation (intrinsic PEEP) can be calculated with the formula of 
total PEEP (measured by this maneuver) minus exogenous PEEP (ventilator’s PEEP 
setting). When the pressure of exhalation at the end of exhalation exceeds the preset PEEP, 
then this signals that the patient had not yet completed exhalation. 

• Air trapping can be minimized through several maneuvers.  
• Adjusting the inspiratory:expiratory ratio to be around 1:5 is a good starting point to 

promote full exhalation.  
• Next, it is critical to control respiratory rate, potentially even with paralysis, because 

respiratory rate is the single greatest determinant of expiratory time. Tachypnea 
powerfully increases air trapping.  

• Whether or not to apply PEEP in patients with airflow obstruction is a complicated and 
somewhat controversial subject. It might not be beneficial in the paralyzed patient, but 
might assist inhalation (not exhalation!) in the awakening patient. In passively 
ventilated patients, exogenous PEEP simply increases total PEEP. 

 
PART III – Understanding the physiology of PEEP: 
Exogenous PEEP increases total PEEP: In the paralyzed patient, adding ventilator PEEP 
(exogenous PEEP) can be conceptualized as programming the ventilator to stop the patient’s 
passive exhalation at a certain “remaining” pressure (the programmed PEEP pressure) in order to 
“trap” a certain (programmed) amount of remaining air pressure within the patient’s lung. 
Exogenous PEEP can be conceptualized as the ventilator becoming an obstruction to exhalation 
just like an obstructed airway. The idea is that, by preventing a full exhalation through the 
ventilator’s PEEP, the remaining air may hold open the airways during the transition from 
exhalation to the next inhalation (during which airway pressure NORMALLY briefly becomes zero), 
thus decreasing the resistive pressure that needs to be overcome by the machine in order to initiate 
the next inhalation.  
 
Studies show that the tradeoff to this gain on the inhalation side is that the machine’s added 
PEEP perpetuates the air-trapping problem on the exhalation side.  
 
There is some evidence that it might be better to allow exhalation to proceed until the airways do 
collapse. Even though this adds work to inhalation (and therefore adds to peak pressures!), it also 
allows more air to be exhaled, thus diminishing the airtrapping problem.  
 
In obstructive lung disease, diminishing air trapping by letting exhalation proceed to the 
point of airway collapse (no extrinsic PEEP programmed into ventilator) might sometimes 
be a more important therapeutic gain than adding extrinsic PEEP to diminish resistive 
pressure during inhalation.  
 
Whether inhalation or exhalation should be supported varies from patient to patient, depending on 
the severity of the resistive pressure to inhalation versus the severity of air trapping during 
exhalation (intrinsic PEEP, which is an indication of incomplete exhaltion). Clinicians can use 
combinations of the patient’s peak, plateau, and intrinsic PEEP pressures to decide whether to 
support the inhalation (add extrinsic PEEP) or the exhalation side (don’t add extrinsic PEEP) of the 
patient’s respiratory cycle immediately after intubation. 
 
Take-Home Points: 



 
• Early in the course of obstructive airway ventilation, bronchospasm may predominate, 

promoting intrinsic PEEP/air trapping. During this phase, the emphasis must be to promote 
expiratory time.  

 
• Permissive High Peak Pressures: Patients with air trapping might require a very high 

peak airway pressure. This is generally safe so long as plateau pressure remains <30 cm 
H2O.  

 
• Permissive Hypercapnia: Occasionally, the reduced respiratory frequency required to 

safely attenuate breath stacking results in respiratory acidosis, which can be life-saving 
in the worst cases. 

 
• Plateau pressures < 30 cm H2O indicate the absence of hypoventilation. 

 
• Plateau pressures < 30 cm H2O indicate the absence of gas trapping (this is a 

separate point!) 
 

• The plateau pressure rule allows for programming the ventilator for very high peak 
airway pressures without fear of barotrauma, as long as tidal volumes are titrated to 
yield a plateau pressure <30 cm H2O. 

 
• The plateau pressure rule also allows for programming the ventilator to very low 

respiratory rates and low inspiratory volumes without fear of hypoventilation, as long 
as tidal volumes are titrated to yield a plateau pressure <30 cm H2O. 

 
• Signs of Air Trapping: There are several methods for measuring hyperinflation (air 

trapping): 
 

1. Total PEEP can be measured at the end of expiration and compared to the machines 
programmed PEEP – the difference between total PEEP and programmed PEEP is 
indicative of intrinsic PEEP, which the pressure of the trapped air from the 
prematurely stopped exhalation. 

 
2. Ventilator flow waveforms can be examined: when expiratory flow (which can be seen on 
the flow-time display of most ventilators) is still occurring at the initiation of inspiration, then 
dynamic hyperinflation is likely (because expiration was not yet completed).  
 

3. Peak pressures and plateau pressures can be measured, from which resistive 
pressure can be calculated. High airway resistance (resistive pressure) is reflected by a 
> 20-cm H2O gradient between peak and plateau airway pressures. A high gradient 
implies a risk for air trapping. 

 
• Preventing Air Trapping: Intrinsic PEEP (air trapping) can be minimized by: 

 
1. reducing respiratory frequency (most effective strategy), 

 
2. reducing tidal volume (just enough to achieve plateau pressure <30 cm H2O), 

 



3. reducing inspiratory time (constant square flow of 60+ L/min).  
 
4. Eliminating extrinsic PEEP (if the above measures are not sufficient) 
 
 
 
 

• Risk of Alveolar Hypoventilation (Hypoxia): If the ventilator is set to the pressure-
control mode, most of the pressure might be exerted in opening the airways, leaving too 
little pressure to deliver air to the alveoli, thus resulting in dangerously low volumes of air 
delivered to the patient. This can lead to hypoxic and acidotic cardiovascular collapse. Very 
high peak pressures might be required, which can be guided by measuring plateau 
pressures and aiming at 20-30 cm H2O plateau pressures. 

 
• Risk of Air Trapping (Hyperinflation): In airway obstruction, the stream of exhaled air 

through the obstacle course of narrowed airways is weak and slow; these patients are at 
risk for not having finished their exhalation when the next machine breath is delivered, 
which leads to breath stacking and alveolar hyperinflation. This can lead to severely 
elevated intra-thoracic pressures with insufficient venous return and hypovolemic 
cardiovascular collapse. A PEEP of 0 cm H2O might be required to favor full exhalation over 
easier inhalation. This can be guided by measuring end-expiratory pressures and aiming for 
zero intrinsic PEEP. 
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