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Objectives

•Compare noninvasive and invasive ventilation.
•Describe common ventilator modes.
•Discuss the principles of lung-protective ventilation. 
•Discuss the approach to ventilator liberation. 

Hess, Respiratory Care Principles and Practice, 2016
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Breath Delivery

•Trigger: initiates inspiration
• Ventilator (time) or patient (pressure or flow)

•Control: what the ventilator controls during the 
inspiratory phase
• Volume (flow) or pressure

•Cycle: initiates exhalation
• Time, flow, volume, or pressure

•Baseline: PEEP
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Ventilator Breath Types

•Mandatory: either triggered or cycled by the 
ventilator (back-up rate)
• Volume-control
• Pressure-control

• Spontaneous: triggered and cycled by the patient (no 
back-up rate)
• Continuous positive airway pressure
• Pressure support ventilation

Volume Control / Pressure Control

•Volume control
• Fixed tidal volume and fixed inspiratory time (flow)
• Pressure varies with lung mechanics 

•Pressure Control
• Fixed inspiratory pressure and inspiratory time
• Volume varies with lung mechanics and patient effort

Volume control settings
• Tidal volume
• Flow
• Rate
• FIO2

• PEEP

Pressure control settings
• PC (above PEEP)
• Inspiratory time
• Rate
• FIO2

• PEEP

Inspiratory
Time

Respiratory rate is the principal determinant of expiratory time and I:E.

Volume Control / Pressure Control

Rittayamai, Chest 2015;148:340

Alveolar stretch (PL) = Palv - Ppl

-18 cm H2O

PC

“It is important to ascertain whether the spontaneously 
breathing patient in fact has a high respiratory drive 
and has adopted a ventilatory pattern which will lead to 
subsequent lung injury. This is not a trivial matter.”

Brochard, Slutsky, Pesenti. Am J Respir Crit Care Med Am J 
2017;l195:438

“Patient-self inflicted lung injury (P-SILI)”
- More likely with PCV.

Volume Control Versus Pressure Control

Volume Control
• Advantage:

• Tidal volume constant
• Disadvantages:

• Increased alveolar pressure if 
disease worsens

• Asynchrony is increased with 
effort

Pressure Control
• Advantages:

• Plateau pressure cannot be 
greater than set pressure

• Better synchrony?
• Disadvantage:

• Alveolar over-distention with 
increased effort

Monitor pressure Monitor volume
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Pressure Support Ventilation
• Spontaneous breath type: much patient 

control over breathing pattern.
• Patient triggered (flow or pressure)
• Pressure limited
• Flow cycled (fraction of peak flow)
• No set rate
• Apnea triggers alarm/backup ventilation

Breath delivery is similar for pressure support and pressure control: 
difference is that rate and inspiratory time are set with pressure control.

Modes (Pattern of Breath Delivery)

•Continuous mandatory ventilation (CMV)
• Assist/control (rate set; patient can trigger): VC, PC

•Continuous spontaneous ventilation
• Pressure support (no rate set; patient must trigger)

• Synchronized intermittent mandatory ventilation: VC 
or PC ± PS
• Available evidence does not support

Noninvasive Ventilation
Crit Care Med 2015;43:880

Eur Respir J 2017;50:1602426

NIV Should Be Used For:

• COPD exacerbation.
• Acute cardiogenic pulmonary edema.
• Post-operative acute respiratory failure.
• Chest trauma with acute respiratory failure.
• Prevent post-extubation respiratory failure in high-risk 

patients.

Eur Respir J 2017;50:1602426
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N Engl J Med 2000;342:1301

ARDS Network Study
•861 patients with ARDS 
• Control: 12 mL/kg ideal body weight
• 6 mL/kg ideal body weight
• Pplat £ 30 cm H2O
• Tidal volume decreased to 4 mL/kg for Pplat £ 30 cm H2O
• Tidal volume increased to 8 mL/kg for asynchrony or acidosis 

provided £ 30 cm H2O
• Volume-controlled continuous mandatory ventilation

•25% mortality reduction for smaller tidal volume
•Number-needed-to-treat: 12 patients

JAMA 2016;315:788

Fewer than two-thirds of 
patients with ARDS received a 
tidal volume ≤8 mL/kg PBW. 

Plateau pressure was 
measured in only 40%.
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Pressure ΔP = Pplat - PEEP

Amato, N Engl J Med 2015;372:747
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Crit Care Med 2015;43:2155 Gattinoni, N Engl J Med 2006;354:1775
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JAMA 2010;303:865

Stepwise Recruitment Maneuver With 
Decremental PEEP Titration

Volume Control                                                                                    Pressure Control

Target:
• Pplat < 28 cm H2O (provided normal chest wall)
• Lowest driving pressure (highest compliance)
• SpO2 88% – 95%
• Hemodynamic stability September, 2017
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Curr Opin Crit Care 2015,21:50

•Best PEEP does not exist.
•Better PEEP as a reasonable compromise among 

oxygenation, hemodynamic status, and intra-tidal 
opening and closing.
• 15 - 20 cm H2O in severe ARDS; P/F < 100
• 10 - 15 cm H2O in moderate ARDS; P/F 100 – 200
• 5 - 10 cm H2O in mild ARDS; P/F > 200

FIO2 days (excess oxygen): FIO2 – 0.5, 
for a PaO2 greater than 80 mm Hg and 
a corresponding FIO2 greater than 0.5.

Crit Care Med 2017 Epub

PaO2 70 -100 mm Hg 
or SpO2 94% - 98%

PaO2 ≤ 150 mm Hg 
or SpO2 97% - 100%

Am J Respir Crit Care Med 2017;195:1253

Strong Guideline For:
• Tidal volumes 4 to 8 mL/kg PBW and Pplat <30 cm H2O. 
Conditional Guidelines For:
• Higher PEEP in patients with moderate or severe ARDS.
• Recruitment maneuvers in patients with moderate or severe ARDS.

Anesthesiology 2015;123:692

• Mechanical ventilation during general anesthesia is potentially harmful for 
the lungs, and ventilation settings are associated with postoperative 
pulmonary complications, directly affecting the clinical outcome.

• A protective ventilatory strategy, comprising low tidal volume and 
moderate-low PEEP levels to achieve the lowest possible driving pressure, 
should be part of clinical practice. 
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Full or partial ventilatory support

Assess Readiness

Spontaneous breathing trial

Evaluate for extubation

success

fail

comfort

determine
cause of
failure

Upper airway patent (leak test)?
Aspiration risk?
Able to clear secretions?

Extubate or try again or trach

Setting the Ventilator

Ventilator-Induced
Lung Injury Gas Exchange

Patient Comfort Hemodynamics

Discussion Topics

•When is a Pplat > 30 cm H2O safe?

•What is the difference between PEEP and auto-PEEP?

•What can be done to decrease the risk of re-
intubation? 


