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Patient Self-Inflicted Lung Injury (P-SILI)



Ventilator induced lung injury (VILI) in ARDS

N Engl J Med. 2010 Sep 16;363(12):1176-80.



Neuromuscular blocker in ARDS

N Engl J Med. 2010 Sep 16;363(12):1176-80.



Yoshida T et al. Am J Respir Crit Care Med. 2017;195(8):985–92.

Patient–Ventilator Asynchrony



Increasing transpulmonary pressure

Sci Rep 12, 12648 (2022).



Spontaneous effort and transpulmonary and transvascular pressures

• Transpulmonary pressure & transvascular pressure

Paralysis Spontaneous breathing

Transpulmonary Pr = 30-5 = 25

Transvascular Pr = 10-5 = 5

Transpulmonary Pr = 30 - (-15) = 45

Transvascular Pr = 10- (-15) = 25
• Increase regional lung stress and strain

• Increase pulmonary edema



Spontaneous effort increase transpulmonary pressure in dependent lung

Yoshida T et al. Am J Respir Crit Care Med. 2017;195(8):985–92.



Occult-Pendelluft phenomenon

J Intensive Care. 2015 Jun 17;3:18.



Pendelluft phenomenon

Regional tidal hyperinflation → Lung injury in dependent lung

AS Slutsky et al. N Engl J Med 2010 Sep 16;363(12):1176-80.



Spontaneous effort increase atelecatrauma in dependent region

Yoshida T et al. Crit. Care Med. 2017, 196, 590–601.



Spontaneous effort increase atelecatrauma in dependent region

Yoshida T et al. Crit Care Med. 2013;41(2):536–45.



In severe lung injury, spontaneous breathing could worsen lung injury

Yoshida T et al. Crit Care Med. 2013;41(2):536–45.



Spontaneous breathing could worsen lung injury in severe lung injury

Yoshida T et al. Crit Care Med. 2013;41(2):536–45.

SB (-) SB (+)



Inspiratory effort & Transpulmonary Pressure

Weaver et al. Ann. Intensive Care (2021) 11:109



Influence of inspiratory effort in SB



Respiratory drive in ARDS

Strong respiratory drive

Intensive Care Med (2020) 46:606–618



Control of respiratory drive in ARDS

Intensive Care Med (2020) 46:606–618



High respiratory drive and excessive respiratory efforts predict relapse of respiratory 

failure in Critically Ill Patients with COVID-19

Am J Respir Crit Care Med. 2020 Oct 15;202(8):1173-1178.



Vicious cycle of injury in ARDS with spontaneous breathing

J Pers Med. 2023 Apr; 13(4): 593.



SB induced diaphragm injury



Diaphragmatic myotrauma mechanisms

Lancet Respir Med 2019; 7: 90–98



Excessive loading of diaphragm increase inflammation and injury

European Respiratory Journal 2005 26: 786-794



MV weaning is related to the magnitude of change in diaphragm thickness from baseline

Goligher EC et al. Am J Respir Crit Care Med. 2018 Jan 15;197(2):204-213.



Mechanical ventilation and diaphragm

JAMA Netw Open. 2020 Feb 5;3(2):e1921520.



Mechanical ventilation and diaphragm

Am J Respir Crit Care Med. 2020 Dec 15;202(12):1717-1720.

Second analysis of patients with PF ratio < 200 (N=132)

✓ Thinner diaphragm → Less transpulmonary pressure swings → Lower injurious lung stress from 

respiratory effort → Increased ICU acquired weakness after NBMs 

✓ Thicker diaphragm → higher risk of injurious breath → More benefit from abolishing spontaneous 

breathing



Short-term NMB did not increase ICU-acquired weakness



Feasibility of Clinical application



Spontaneous breathing is not easy in clinical setting

➢ EOLIA trial

✓ Indication

• PaO2:FIO2 ratio < 50 mmHg for > 3 hours

• PaO2:FIO2 < 80 mmHg for > 6 hours

• Arterial blood pH < 7.25 with a partial pressure 

of arterial carbon dioxide (PaCO2) > 60 mmHg 

for >6 hours

→ NMB 94%



Spontaneous breathing is not easy in clinical setting

• 65% of patients in control group needed deep 

sedation to achieve lung protective ventilation

• 17% of patients needed NMB

• 35% of patient in control group did not need 

deep sedation to achieve lung protective 

ventilation



Management of ARDS

ESICM 2023 ARDS guideline



Prone position ventilation

➢ PROSEVA trial

• Moderate to severe ARDS (PaO2/FiO2 < 150mmHg, FiO2 ≥ 0.6 PEEP ≥ 5cmH2O)

• Prone position ventilation vs. no intervention

N Engl J Med. 2013;368(23):2159.



Mechanisms of injury to the lung and diaphragm during MV

Goligher EC et al. Am J Respir Crit Care Med. 2020 Oct 1;202(7):950-961.



EC Goligher et al. Intensive Care Medicine 46, 2314–2326 (2020)

Lung and Diaphragm protective ventilation



Lung protective ventilation should be prioritized

Goligher EC et al. Am J Respir Crit Care Med. 2020 Oct 1;202(7):950-961.



Summary

➢ SB worsens the lung injury (P-SILI)

✓ Patient-ventilator asynchrony

✓ Pendelluft phenomenone

✓ Regional high transpulmonary pressure

✓ Increased lung edema

➢ High respiratory drive and efforts enhanced P-SILI

➢ SB during MV can also induce diaphragm injury

➢ Suppressing SB is advantageous for ARDS management.
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