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Main goals of mechanical ventilation

oxygenation

eliminating CO2

V’/Q’

QS/QT ↓

relief of respiratory
muscles

reduce oxygen demand
(of breathing)

Ventilation modalities, Analgesia, Sedation

Mechanical ventilation is a double-edged sword

Prevent adverse effects and
ventilator induced lung injury



Atelectasis and derecruitment

Overdistension

Inflammation ↓

Stress ↓Strain ↓

Biotrauma ↓



Pathophysiology, RCTs, Meta-analyses, Systematic reviews
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Zak and Lang. J Anesth Clinic Res 2011;4:4

Lung protective
mechanical ventilation

Darren Markland
https://youtu.be/BYH6sldk3zU



Critical Care Medicine 49(11):p e1063-e1143, November 2021.
DOI: 10.1097/CCM.0000000000005337 



ARDS-related mortality is still high

Postoperative pulmonary complications
are also common



But why?

Pulmonary pathology is multifactorial



ARDS is a clinical diagnosis
rather than a definitive disease



… and because one size does not fit for all

We should personalize mechanical ventilation!



AVOID

Hypoxia / Hyperoxia
Adsorption atelectasis

Hypocapnia
Severe Hypercapnia

Main goals of personalized ventilation

Individual Tidal Volume
PEEP titration

ARM - recruitability

FiO2 ≤ 0.5
Respiratory rate
I:E ratio
EtCO2=35-45 mmHg

PREVENT
Volutrauma
Barotrauma

Atelectrauma

Extrapulmonary
adverse effects

oxygenation

eliminating CO2

V’/Q’

QS/QT ↓

relief of respiratory
muscles

reduce oxygen demand
(of breathing)

McCance KL, Huether SE, editors: Pathophysiology: the
biologic basis for disease in adults and children, ed 4, St. 
Louis, 2020, Mosby

https://pathwaymedicine.org

Ventilation modalities, Analgesia, Sedation



Let’s see our tools and goals!






Individually
optimal

Tidal Volume

Individually
optimal

PEEP

Assess
recruitability

Gas exchange parameters, recovery, weaning

Personalized
mechanical ventilation

Highest Cstat / Cdyn

Lowest Vds/VT

PLexpi ≈ 0-5 cmH2O

Highest EELV

Pplat < 25-30 cmH2O

dP < 15 cmH2O

PLinsp < 20-25 cmH2O

Alveolar ODCL

PEEP titration VT titration Lung imaging
Hysteresis

Lung US

EIT

X-ray / CT scan



PEEP titration based on FiO2



Pulmonary compliance (Cstat / Cdyn)

• Target:
• highest compliance

• Method:
• decremental PEEP titration

• Measurements:
• Cstat = VT / (Pplat-PEEP)
• Cdyn = VT / (PIP-PEEP)

Dead space ratio (Vds/VT)

• Target:
• lowest dead space (Vds/VT)

• Method:
• decremental PEEP titration

• Measurements:
• Advanced spirometry
• (a-Et)PCO2

• Vds/VT = (a-Et)PCO2 / PaCO2

• EIT

PEEP titration based on respiratory mechanics









• Transpulmonary pressure (PL) is 
responsible for maintaining alveolar 
inflation

• PL<0 cmH2O → alveolar collapse

• PL = Pao – Ppl while Ppl ≈ PES

• Adjusting PEEP to achieve positive 
end-expiratory transpulmonary 
pressures (Plexpi = 0-5 cmH2O)
prevents collapse

PEEP titration based on transpulmonary pressure

Basic principles

PEEP=10

PEEP=15

PEEP=18



Improved oxygenation and respiratory mechanics



There was a higher risk of overdistension in the SG

Patients in the SG required more vasopressors





• Distribution of ventilation is heterogenous
• elastic properties of the lungs
• vertical gradient of transpulmonary pressure

• Excurison of the diaphragm changes during
mechanical ventilation

• ventral redistribution of ventilation to the 
nondependent and less perfused anterior regions 
of the lungs

• V/Q mismatch
• extent atelectasis in the dependent lung regions

• Optimal PEEP changes during time

Limitations

Anesthesiology 2002; 97(2):298-305.

Assess and Reassess



• Non-invasive
• Radiation-free
• Reproducible
• Rapid and real-time assessment

• Etiology
• Result of interventions

• PEEP titration
• Alveolar recruitment

• Intermittent

Titrating PEEP and assessing recruitability applying LUS



Lung Ultrasound Score (LUS)
Finding POINT

normal aeration 0

moderate loss of aeration
• multiple spaced B lines
• localized pulmonary edema B lines in less 

than 50% of the intercostal space

1

severe loss of aeration (alveolar edema)
• diffused coalescent B lines occupying the 

whole intercostal space

2

complete loss of lung aeration
• lung consolidation defined as a tissue pattern 

with or without air bronchogram

3

LUS correlates with disease severity

Decreasing LUS indicates succesful interventions
(PEEP titration, ARM, AMBs) or recovery



Opening 
Pplat Closing PEEP



Consolidation During recruitment, appearance of B-lines, and finally normal image indicated reareation



• Non-invasive
• Radiation-free
• Continuous, real-time

assessment of distribution of 
ventilation

• Etiology
• Result of interventions

• PEEP titration
• Alveolar recruitment / Pendelluft

• EIT can also track the 
distribution of pulmonary 
blood flow

Titrating PEEP and assessing recruitability applying EIT



Changes in 
aeration









Assessing recruitability



A non-recruitable lung



CPAP + PSV (6+8) HFTO 30 L/min HFTO 40 L/min HFTO 50 L/min

Weaning



• In ARDS patients, lung volumes do not correlate closely with PBW due 
to heterogeneous distribution of lung disease

• Measuring EELV or IC is not so simple at the bedside and requires
special equipment / CT scan

• Safety limits of mechanical ventilation
• Driving pressure < 15 cmH2O
• Plateau pressure < 30 (25) cmH2O
• PLinsp < 20 (25) cmH2O

Titrating Tidal Volume



Titrating Tidal Volume

dP = 10 cmH2O



Future aspects





Thank you for your attention!
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