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Low Tidal Volume



Ventilator-induced lung injury

(Tonetti T et al: Ann Transl Med 2017; 5(14):286)



小 tidal volume 的好處

(The ARDS Network. N Engl J Med 342:1301-1308, 2000. )



(The ARDS Network. N Engl J Med 342:1301-1308, 2000. )



Ventilator Mode

 Volume assist/control直到脫離呼吸器

(Vincent JL et al: Textbook of Critical Care , 6th ed,2011 Elsevier)



Tidal Volume (VT)

起初：VT: 8 mL/kg PBW

在1-3小時內漸次將VT調降至6 

mL/kg

 PBW (Predicted body weight) 

⚫男:50 + 0.91( 身高[cm] − 152.4)

⚫女:45.5 + 0.91(身高 [cm] − 152.4). 

(Vincent JL et al: Textbook of Critical Care , 6th ed,2011 Elsevier)



依Pplat調VT

測量 plateau pressure (Pplat) q4h 以
及每當 PEEP 或 VT有更動時.

⚫若 Pplat > 30 cmH2O, 將VT降至4-

5 mL/kg.

⚫若 Pplat < 25 cmH2O 且VT < 6 mL/kg 

→將VT調高 1 ml/kg 

(Vincent JL et al: Textbook of Critical Care , 6th ed,2011 Elsevier)



依pH調呼吸次數 (RR)

調整 RR以使 pH ＝7.30-7.45，直到
RR已達上限 35/min

若RR＝35而仍舊pH  < 7.30，則給予
bicarbonate.

當 pH < 7.15時, 可增加VT (Pplat也不
受30 cmH2O限制).

(Vincent JL et al: Textbook of Critical Care , 6th ed,2011 Elsevier)



I : E Ratio

目標 1 : 1 至1 : 3 (不宜I:E倒轉）

(Vincent JL et al: Textbook of Critical Care , 6th ed,2011 Elsevier)



Auto-PEEP

(Cairo JM: Pilbeam’s Mechanical Ventilation 2012 Elsevier)



Amato MB et al. N Engl J Med 2015;372:747-755.

Driving pressure (= Pplat – PEEP = 
VT/Crs) 宜小於15 cmH2O





PEEP



ARDS dependent area 塌陷嚴重

(Dr. Thomas E. Stewart.)



(Gattinoni et al: Clinical Critical Care Medicine, 237-252 © 2006 Mosby)



PEEP 的好處

藉著減少VQ mismatch 或分流(shunt)

而達到增進氧合(oxygenation)的目的

增加肺順從性(compliance)

減少肺泡反覆開關造成的傷害
(atelectrauma)



PEEP的壞處

減少cardiac output

降低BP



(Egan’s Fundamentals of Respiratory Care 9th ed.2009, Mosby)



Oxygenation 目標

Pao2 55-80 mm Hg

or Sao2 88-95%



Lower PEEP chart

FIO2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

PEEP 5 5-8 8-10 10 10-14 14 14-18 18-24

(N Engl J Med 341(18) 2000)

(Siegel MD et al: Uptodate May 2014)



Higher PEEP chart

FIO2 0.3 0.4 0.5 0.5-0.8 0.8 0.9 1.0

PEEP 12-14 14-16 16-18 20 22 22 22-24

(N Engl J Med 351:(4) 2004)

(Siegel MD et al: Uptodate May 2014)



Mortality: High vs Low PEEP

(Walkey AJ: Ann Am Thorac Soc 2017; 14, Supplment 4)



PaO2/FIO2: High vs Low PEEP



ATS/ESICM/SCCM

Recommendation 2017

 We suggest that adult patients with 

moderate or severe ARDS receive higher 

rather than lower levels of PEEP

 (conditional recommendation, moderate 

confidence in effect estimates).

(Fan E: Am J Respir Crit Care Med 2017; 195(9))



SRLF guideline 2019

 High PEEP should probably be used in 

patients with moderate or severe ARDS, but 

not in patients with mild ARDS. (GRADE 2 +, 

STRONG AGREEMENT)

 The experts suggest reserving high PEEP for 

patients in whom it improves oxygenation 

without marked deterioration of respiratory 

system compliance or hemodynamic status. 

PEEP settings should be individualized. 

(EXPERT OPINION)

(Papazian L. et al: Ann Intensive Care 2019; 9(1))



Prone



(Guérin Cet al: N Engl J Med. 2013 Jun 6;368(23)



(Gattinoni, L et al: Semin Respir Crit Care Med; 2019; 40)



ATS/ESICM/SCCM

Recommendation 2017

 We recommend that adult patients with 

severe ARDS receive prone positioning 

for more than 12 hours per day 

 (strong recommendation, moderate-high 

confidence in effect estimates).

(Fan E: Am J Respir Crit Care Med 2017; 195(9))



SRLF guideline 2019

 ‘Prone positioning should be used in 

ARDS patients with PaO2/FIO2 ratio < 

150 mmHg to reduce mortality. Sessions 

of at least 16 consecutive hours should be 

performed.’

 GRADE 1 +, STRONG AGREEMENT

(Papazian L. et al: Ann Intensive Care 2019; 9(1))



Neuromuscular 

blocker



SRLF guideline 2019

 ‘A neuromuscular blocking agent should 

probably be considered in ARDS patients with a 

PaO2/FiO2 ratio < 150 mmHg to reduce 

mortality. The neuromuscular blocking agent 

should be administered by continuous infusion 

early (within 48 h after the start of ARDS), for 

no more than 48 h, with at least daily 

evaluation.’

 GRADE 2 +, STRONG AGREEMENT

(Papazian L. et al: Ann Intensive Care 2019; 9(1))





(Moss, M., et al. (2019). N Engl J Med 380(21))

Among patients with moderate-to-severe ARDS 

who were treated with a strategy involving a high 

PEEP, there was no significant difference in 

mortality at 90 days between patients who received 

an early and continuous cisatracurium infusion and 

those who were treated with a usual-care approach 

with lighter sedation targets.



(Chang, W., et al. (2020). Crit Care 24(1))



Recruitment 

Maneuvers



(Cairo JM: Pilbeam’s Mechanical Ventilation 2012 Elsevier)



幾種達成
recruitment 
maneuvers 
常見的作法

(Constantin JM et al: Ann Transl Med 2017; 5 (14))



(Hodgson C: Cochrane Database Syst Rev. 2016, 11:CD006667) 



ATS/ESICM/SCCM

Recommendation 2017

 We suggest that adult patients with ARDS 

receive recruitment maneuver.

 (conditional recommendation, low–

moderate confidence in the effect 

estimates).

(Fan E: Am J Respir Crit Care Med 2017; 195(9))



(Cavalcanti, A. B.:JAMA 2017; 318(14))



(Cavalcanti, A. B.:JAMA 2017; 318(14))

‘In patients with moderate to severe ARDS, a 

strategy with lung recruitment and titrated 

PEEP compared with low PEEP increased

28-day all-cause mortality. These findings do 

not support the routine use of lung 

recruitment maneuver and PEEP titration in 

these patients.’



SRLF guideline 2019

 ‘Recruitment maneuvers should probably 

not be used routinely in ARDS patients.’

 GRADE 2 −, STRONG AGREEMENT

(Papazian L. et al: Ann Intensive Care 2019; 9(1))



ECMO



(Combes, A., et al. (2020). Intensive Care Med 46(11)) 

‘In this meta-analysis of individual patient 

data in severe ARDS, 90-day mortality was 

significantly lowered

by ECMO compared with conventional 

management.’



(López Sanchez, M. (2017). Med Intensiva 41(8))



Summary of Treatment 
Recommendations



(Fan E. et al: JAMA 2018, 319)





(Papazian L. et al: Ann Intensive Care 2019; 9(1))



Thank You!


