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Review of terminology, definitions, and modes

Brief look at ventilator waveforms and ventilator interface

Lung injury and obstructive ventilator strategies (practical approach)

Troubleshooting ventilator alarms

When to extubate?

Objectives



PEEP = EPAP = CPAP (more or less)

Inspiratory pressure = IPAP

Compliance = change volume / change pressure
- Low > ARDS > "stiff lungs"

- High > emphysema > "floppy lungs"

Resistance = change pressure / change flow

Plateau Pressure = end-inspiration, alveolar pressure, no flow

Peak Pressure = during inspiration/flow, large airways, resistive pressure

Driving pressure = Plateau – PEEP. Pressure needed to distend lungs





I:E ratio (normal 1:2)

Inspiratory time = inspiratory flow, tidal volume, respiratory rate, square vs 

decelerating ramp

Expiratory time = determined by I-time, not directly set













Ventilator Modes



Ventilator Modes





 Lung Injury                       Obstruction



Lung Injury Strategy

Tidal Volume = Lung Protection. 6-8 cc/kg based upon PBW

Flow rate (IFR) = Comfort. 60-80 lpm

Rate (RR) = Ventilation. Start with rate 16-20. Adjust based upon VBG/ABG. Permissive hypercapnea.

FiO2/PEEP = Oxygenation. Start at 5. Can titrate based on oxygenation, compliance, or driving pressure

 

Check Plateau Pressure = inspiratory hold, goal < 30. Adjust Vt or PEEP









Obstructive Strategy

Why do we need this?

Emphysema/Asthma/Bronchospasm > Air Trapping

Poor elastic recoil or high resistance

- Inhalation is easy

- Exhalation is impossible

End Result

- Air trapping

- Auto-PEEP

- Dec VR, CV collapse, death



Obstructive Strategy

Goal = give as much expiratory time as possible

Mode: VC

Tidal Volume: 8 cc/kg PBW

Flow (IFR): 60-100 LPM

PEEP: 5, some use 0

RR: 10-12. Aim for I:E of 1:4 or 1:5

Hypercapnea is expected and ok

Aim for pH 7.1 or higher



With those two ventilator strategies in mind, lets looks at some 

cases...

Questions?



25M presented to ED with blunt chest trauma and altered mentation. Found to have multiple rib 

fractures on CXR without pneumothorax. Intubated for airway protection, placed on lung protective 

ventilation with volume control, TV 400, PEEP 5, and FiO2 50%. Sedated with propofol and 

fentanyl. Hemodynamically stable and awaiting transport to CT.

Several minutes later the ventilator starts making a lot of noise and flashing lights. You walk over 

and see the following:





25M presented to ED with blunt chest trauma and altered mentation. Found to have multiple rib 

fractures on CXR without pneumothorax. Intubated for airway protection, placed on lung protective 

ventilation with volume control, TV 400, PEEP 5, and FiO2 50%. Sedated with propofol and 

fentanyl. Hemodynamically stable and awaiting transport to CT.

Several minutes later the ventilator starts making a lot of noise and flashing lights. You walk over 

and see the following:

Next Best Steps:

A) Silence the alarm

B) Pretend you don't hear the alarm, someone else will take care of it

C) Increase the peak pressure alarm

D) Check a plateau pressure



You check a plateau pressure and it's > 30



Your patient has a PTx. Chest tube placed. 

Both peak and plateau pressures return to 

baseline





75M presented after ground-level fall, found to be altered and intubated for airway protection. 

Immediately after intubation and upon connecting him to the ventilator with lung protective settings, you 

notice the patient isn't receiving a tidal volume and peak pressure alarm is flashing. You act quickly and 

run through the DOPES mnemonic. After connecting him to BVM you notice some resistance with 

ventilation, but nothing excessive. You re-connect him to the ventilator and the same thing happens. 
What's going on?



Peak Pressure Alarm

Stops Inspiration = breath is "dropped"

Cycles into exhalation

Triggers a high-pressure alarm



Initially you increased the peak pressure alarm and appropriate tidal volumes were delivered. Once he 

received volumes wheezing was noted, after an hour and several neb treatments peak pressures subsided 

and alarm was reset. His family arrives and tell you he has a history of COPD, with a recent hospitalization 

for exacerbation.  Things are stable for a while, then about an hour later the nurse calls you to bedside 

because patient's BP has dropped and the peak pressure alarm keeps firing. 

You look at his ventilator and see the following:





Air trapping = dynamic hyperinflation = auto-PEEP



Expiratory pause reveals total-PEEP 15 and intrinsic-PEEP of 10. You quickly realize what's going on, refer to 

DOPES mnemonic, disconnect the patient from the ventilator, push on his chest and appreciate a large 

whoosh of air. You aggressively treat his bronchospasm and place him on an obstructive ventilator strategy. BP 

improves. Repeat expiratory pause shows total-PEEP 7 and intrinsic-PEEP of 2.

What amount of auto-PEEP is normal or ok?

Normal is essentially 0

What is permissible is debatable. Goal < 5, or whatever you 
can achieve without excessive hypercapnea/acidosis, plateau 

pressures < 30, hypotension, etc  



19M presents after motorcycle collision, altered, with high suspicion for severe TBI. Intubated for airway 

protection and placed on lung protective ventilation. CT scanner is down and will be several hours before 

operational. As he boards in the ED, what are the TBI specific considerations when it comes to mechanical 

ventilation?

Evidence

Mode Volume or Pressure Control None

Tidal Volume 6-8 mL/kg ARDSnet

PEEP Avoid high unless ICP monitor 

available, 5-8 cm H2O

None

PaO2 ➢ 60, 80-120 mmHg preferred NCC guidelines

PaCO2 ➢ 35-45 mmHg NCC guidelines

*Minimize dyssychrony due to increased ITP and reduced cerebral venous return



Several hours elapse and patient gets his CT which is read as normal. His 

ethanol level came back at 400. Several more hours elapse and now the 

patient is awake and moving around, slowly starting to follow commands. Does 

this patient need to stay intubated?





SAT = sedation off. Will patient protect their airway? 

Cough? Secretions? Ability to move their head? 

Don't have to be following commands.

SBT = PS 5/5 on 50% or less. 30-60 minutes. Can 

they maintain a consistent minute ventilation and 

oxygen saturation? Do I need a repeat blood gas?

Tachypnea not always = weakness

Tachypnea with large TV = anxiety, neuro, pain, 

acidosis

Tachypnea with small TV and/or low Ve = weakness, 

sedation. Much more concerning.



Transport vents – less customizable, limited flow rates, alarms fixed

Adjust minute ventilation to compensate for metabolic acidosis

6 cc/kg is not a one size fits all model

PEEP can be liberalized in obese patients

Last Couple Considerations....



Questions?
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