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1. Oxygenation strategies in ICU
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Oxygenation strategies in ICU 

• N Engl J Med . 2020 Mar 12;382(11):999-1008.

• N Engl J Med. 2020 Mar 12;382(11):989-998.

• N Engl J Med . 2021 Jan 20. oi: 10.1056/NEJMoa2032510.



Crit Care Med . 2017 Feb;45(2):187-195.

Crit Care Med . 2015 Jul;43(7):1508-19.



JAMA . 2016 Oct 18;316(15):1583-1589.



Crit Care Med . 2016 Mar;44(3):554-63.

Baseline: lower limit of 75 
Phase 1 & 2 

: Pao2, 55–86 mm Hg 
Spo2, 92–95%  



• Liberal Oxygenation versus Conservative Oxygenation in Acute Respiratory Distress Syndrome Trial 
(LOCO2)

N Engl J Med 2020;382:999-1008



• Conservative oxygenation vs. Liberal oxygenation strategy 
• Prospective, multicenter, randomized, open-label trial

• Liberal oxygen group (n=102): Pao2 target between 90 and 105 mm Hg, SpO2: at least 
96%)

• Conservative-oxygen group (n=99): Pao2 target between 55 and 70 mm Hg, SpO2: at 
least 88-92%)

• Over the first 7 days of invasive mechanical ventilation or until extubation

• VCV was recommendation, TV ≤6ml/predicted body weight, PEEP (5-10cmH2O) 

Conservative (N=99) Liberal (N=102)

Age 63.0±15.5 63.5±14.5

Tidal volume 6.0±0.3 6.2±0.5

PEEP 6.2±2.7 6.4±3.5

Pao2:Fio2 116.8±47.4 120.1±53.6

Pao2:Fio2 ≤ 150 mmHg 75.8% 76.5%

SOFA score‖ 9.3±3.68 8.9±3.6





Conservative (N = 99) Liberal (N = 102)

% (95% CI) % (95% CI)

28 day mortality 34.3 (25.0–43.7) 26.5 (17.9–35.0)

90 day mortality 44.4 (34.7–54.2) 30.4 (21.5–39.3)

Mesenteric ischemia 5.1 (1.7–11.4) 0

Arrhythmia 23.2 (14.9–31.6) 15.7 (8.6–22.7)

New-onset A-fib 21.2 (13.2–29.3) 12.7 (6.3–19.2)

Day 28 MV 16.1 (7.0–25.3) 15.1 (6.9–23.3)

VAP 17.2 (9.7–24.6) 21.6 (13.6–29.6)

Seizure 2.0 (0–7.1) 0 (0–3.6)

Stroke 4.0 (1.1–10.0) 1.0 (0–5.3)

Delirium 11.1 (4.9–17.3) 10.8 (4.8–16.8)

Mortality was adjusted for age, Pao2:Fio2, and Simplified Acute Physiology Score III.



• Conservative Oxygen (n=484) vs. Usual oxygen group (n=481)

• Prospective, investigator-initiated, parallel group, randomized clinical trial.

• The primary outcome was the number of ventilator free days from randomization until day 28.

N Engl J Med 2020;382:989-98





Conservative (N = 484) Usual (N = 481) Between-Group
Difference

Unadjusted
Odds Ratio
(95% CI)

% (95% CI) % (95% CI)

VFD, median (IQR) 21.3 (0.0 to 26.3) 22.1 (0.0 to 26.2) −0.3 (−2.1 to 1.6)
P =0.8

VFD among 
survivor

2.95 (2.61 to 3.33) 3.11 (2.76 to 3.51) 0.94 (0.80 to 1.11)

90 day mortality 166/479 (34.7) 156/480 (32.5) 1.10 (0.84 to 1.44)

180 day mortality 170/476 (35.7) 164/475 (34.5) 1.05 (0.81 to 1.37)

vasopressor-free 
days

23 (0 to 26) 23 (0 to 26) 0 (−0.5 to 0.5)

RRT in ICU 94 (19.4) 108 (22.5) 0.83 (0.61 to 1.14)

tracheostomy in ICU 48 (9.9) 56 (11.6) 0.84 (0.56 to 1.26)



N Engl J Med . 2021 Jan 20



• Hypothesized that using a lower target for Pao2 would result in lower mortality than using a higher 

target

• Multicenter trial, randomly assigned 2928 adult patients 

• At least 10 liters of oxygen in an open system,  or FiO2 0.5 in a closed system

• Lower-oxygenation (n= 1441 either 60 mm Hg) VS. Higher oxygenation (n=1447, 90 mm Hg)





Mechanical ventilation 

• JAMA . 2020 Feb 18;323(7):616-626.

• N Engl J Med . 2021 Feb 2. doi: 10.1056/NEJMoa2024922



• Cluster crossover randomized clinical trial

• 26828 were analyzed 

• 13415 patients randomized by site to PPIs 

• 13356 randomized by site to H2RBs

PPI H2 blocker P value

90 d mortality 2459/13415 (18.3) 2333/13356 (17.5) 0.054

UGI bleeding 172/13436 (1.3) 239/13392 (1.8) 0.009

CDI 40/13436 (0.30) 57/13392 (0.43) 0.13

Ventilator asso
condition 

143/2217 (6.5) 124/2148 (5.8) 0.28

JAMA . 2020 Feb 18;323(7):616-626



N Engl J Med . 2020 Apr 2;382(14):1299-1308.N Engl J Med . 2018 Dec 6;379(23):2199-2208.

•. 2015 May;41(5):833-45

Intensive Care Med . 2015 May;41(5):833-45



• In a multicenter, double-blind trial, randomly assigned

• MV with sepsis, 422 were analyzed 

• 214 patients received dexmedetomidine (0.2 to 1.5 μg/kg/hour)

• 208 received propofol (5 to 50 μg/kg/min)

• Median RASS score while receiving drug (IQR) −2.00 (−3.00 to −1.00) −1.95 (−3.03 to −0.98)

Dexmedetomidine N = 214 Propofol N = 208

Days alive without delirium or coma at 14 days

Unadjusted no. of days — median (IQR) 8.0 (1.0–12.8) 7.5 (1.8–11.2)

Adjusted no. of days — median (95% CI) 10.7 (8.5–12.5) 10.8 (8.7–12.6)

Adjusted odds ratio (95% CI) 0.96 (0.74–1.26) Reference

VFD at 28 days, Adjusted odds ratio (95% CI) 0.98 (0.63–1.51) Reference

Death at 90 days, Adjusted odds ratio (95% CI) 1.06 (0.74–1.52) Reference



Dexmedetomidine N = 214 Propofol N = 208

TICS-T score at 6 month 

Unadjusted score — median (IQR) 39 (28–48) 38 (30–46)

Adjusted score — median (95% CI) 40.9 (33.6–47.1) 41.4 (34.0–47.3)

Adjusted odds ratio (95% CI) 0.94 (0.66–1.33) Reference

1.06 95% CI 0.74-1.52



Sepsis 

Fluid: 

• Am J Respir Crit Care Med . 2019 Dec 15;200(12):1487-1495.

• Crit Care Med . 2021 Jan 1;49(1):79-90.

Vitamin 

• Intensive Care Med. 2020 Aug 11 : 1–11.

• JAMA. 2020 Feb 4; 323(5): 423–431.

• JAMA . 2021 Feb 23;325(8):742-750.

• N Engl J Med. 2019 Dec 26; 381(26): 2529–2540.



N Engl J Med . 2018 Mar 1;378(9):829-839.

Am J Respir Crit Care Med . 2019 Dec 15;200(12):1487-1495.







• Retrospective cohort study  

• 13 ICU, 18629 critical ill patients requiring large-volume resuscitation  (≥60ml/kg during 24 hr)

• 5% albumin + 0.9% saline  (albumin group) vs. 0.9% saline (saline group)

Crit Care Med . 2021 Jan 1;49(1):79-90.

HR: 0.7
P < 0.001



CHEST 2017; 151(6):1229-1238



• Multi-center, open-label, randomized clinical trial

• A total of 216 septic shock

• Intervention group (n=107): IV vitamin C (1.5 g, q6), hydrocortisone (50mg, q6), thiamine (200mg q12)

• control group (n = 104): IV hydrocortisone (50mg q6 )

• Until shock resolution or up to 10 days.

JAMA. 2020 Feb 4; 323(5): 423–431.



Intervention (n = 107) Control (n = 104) P Value

Time alive and free of vasopressors, median (IQR), h 122.1 (76.3 to 145.4) 124.6 (82.1 to 147.0) 0.83

28 day mortality 24 (22.6) 21 (20.4) 0.69

ICU mortality 21 (19.6) 19 (18.3) 0.80

Change in SOFA score at day 3,median (IQR) –2 (–4 to 0) [n = 82] –1 (–3 to 0) [n = 75] .02

HR 1.18 (95% CI, 0.69-2.01) P = 0.54



• Multi-center, double-blind, RCT in adult patients with septic shock 

• A total of 111 patients  (53 treatment group vs. 58 placebo group 

• 53 treatment group (IV vitamin C 50mg/kg [max 3g bid], + thiamine 200mg q12 during 48 hr)  



Treatment (n = 53) Placebo (n = 58) p value

Delta SOFA score 3 (− 1 to 5) 3 (0–4) 0.96

28 day mortality 11 (20.8) 9 (15.5) 0.47

In-hospital mortality 13 (24.5) 11 (19) 0.48

Vasopressor-free days 11 (5–12) 11 (10–12) 0.16

Duration of mechanical 
ventilation (days)

6 (3–12) [n = 23] 7 (3–8) [n = 24] 0.94

ICU LOS (day) 5 (3–11) [n = 46] 5.5 (4–12.5) [n = 52] 0.22

Hospital LOS (day) 14 (11–21) 13.5 (9–26) 0.92



• Multicenter, randomized, double-blind, adaptive-sample-size, placebo-controlled trial

• sepsis-induced respiratory and/or cardiovascular dysfunction

• intervention group (n=252): IV vitamin C (1.5 g q6), hydrocortisone (50mg q6 hours), thiamine 

(100mg q6) 

• control group (n = 249 ): placebo ± IV hydrocortisone (< 200mg )

JAMA . 2021 Feb 23;325(8):742-750.



Intervention (n = 252) Control (n = 249) P Value

ICU mortality 52 (20.6) 49 (19.7) 0.79

Change in SOFA score, median (IQR) 5 (3-7) 5 (2-7) 0.1

RRT–free days, median (IQR) 30 (0-30) 30 (0-30) [n = 247] 0.58

Coma-/delirium-free days, median (IQR) 4 (2-5) [n = 237] 4 (2-5) [n = 241] 0.45

ventilator-vasopressor free days 25 days (0-29 days) 26 days (0-28) 0.085

Log-rank P = 0.58

Survival in the Intervention and 
Control Groups at 180 Days



• Multi-center, double-blind, randomized, placebo-controlled

• A total of 1360 vitamin D deficiency 

• 531 vitamin D (single enteral dose of 540,000 IU)  vs. 528 placebo group 

Vitamin D
(N = 538)

Placebo
(N = 540)

P Value or 95% CI

90 day mortality 125 (23.5) 109 (20.6) 0.26

28 day mortality 92 (17.3) 69 (13.1) 4.3 (−0.1 to 8.6)

Mean ±SD VFD to day 28 21.3±11.3 22.1±10.5 −0.8 (−2.1 to 0.5)

New RRT to day 7 — no. (%) 20 (4.1) 18 (3.6) 0.5 (−1.9 to 2.9)
N Engl J Med. 2019 Dec 26; 381(26): 2529–2540



ARDS 

• Lancet Respir Med 2020;8: 267–76

• Lancet Respir Med 2020; 8: 905–1

• Ann Am Thorac Soc . 2020 May;17(5):596-604.

• Respir Care . 2020 May;65(5):583-589

• JAMA . 2020 Jul 7;324(1):57-67.

• Intensive Care Med. 2020 Oct 6 : 1–10.

• Lancet Respir Med . 2019 Feb;7(2):163-172.



Lancet Respir Med 2020;8: 267–76

the dexamethasone group: 20 mg once daily from day 1 to day 5, → 10 mg once daily from day 6 to day 10

(no later than 30 h after moderate-to-severe ARDS onset)

Dexamethasone (n=139) Control (n=138) P Value

Ventilator-free days at 28 days 12·3 (±9·9) 7·5 (±9·0) <0·0001

All-cause mortality at day 60 29 (21%) 50 (36%) 0·0047

ICU mortality 26 (19%) 43 (31%) 0·0166

Hospital mortality 33 (24%) 50 (36%) 0·0235

Actual duration of mechanical
ventilation in ICU survivors, days

14·2 (±13·2) 19·5 (±13·2) 0·0009

Actual duration of mechanical
ventilation in survivors at day 60, days

14·3 (±13·3) 20·2 (±14·0) 0·0004

Hyperglycemia 105 (76%) 97 (70%) 0·33

New infections 33 (24%) 35 (25%) 0·75

Barotrauma 14 (10%) 10 (7%) 0·41



Intensive Care Med . 2018 Nov;44(11):1914-1922.

N Engl J Med . 2015 Feb 19;372(8):747-55.



• To estimate the association between exposure to different intensities of mechanical 

ventilation over time and intensive care unit (ICU) mortality in patients with acute 

respiratory failure (dynamic driving pressure or mechanical power)

• Registry-based (Toronto Intensive Care Observational Registry), prospective cohort study, 

• Patients receiving mechanical ventilation for 4 h or more in nine ICUs

• 13408 patients included in descriptive analysis → 7876 patients included in joint model analyses

Lancet Respir Med 2020; 8: 905–1











• To evaluate the feasibility of testing a driving pressure–limited strategy in comparison with a 
conventional lung protective ventilation strategy in patients with ARDS and a baseline driving 
pressure of ≥13 cm H2O. 

• Randomized, controlled, non-blinded trial

• 31 patients with ARDS, driving pressure ≥13 cmH2O 

• Ventilation parameter -> PEEP 10, FiO2 100% for 30min: PaO2/FiO2 ≤300, driving pressure ≥ 13 

• Tidal volume titrated to 4–8 ml/kg of predicted body weight (PBW)

• Driving pressure limited (n=16): initial driving pr. 10 cmH2O→ if TV <4ml → driving pr >10cmH20

• Control (n=15): TV 6ml/kg, plateau pre ≤30 cmH2O → plateau pr > 30cmH20 → TV 5-4 ml/kg 

Ann Am Thorac Soc . 2020 May;17(5):596-604



Driving Pressure (n=16) Conventional (n=15) Total (N= 31)

Age, mean (SD) 45.1 (18.4) 51.9 (14.9) 48.4 (16.9)

SAPS3 score, mean (SD) 53.5 (12.0) 58.5 (12.9) 55.9 (12.5)

Septic shock, n (%) 9 (56.2) 6 (40) 15 (48.4)

PaO2/FIO2, mean (SD) 218.5 (121.8) 210.6 (57.1) 214.7 (94.6)

Plateau pressure, mean (SD) 24.2 (3.0) 25 (3.0) 24.6 (3.0)

PEEP, mean (SD) 9.3 (1.9) 9.9 (2.2) 9.6 (2.0)

Driving pressure, mean (SD) 14.9 (2.7) 15.1 (2.5) 15 (2.6)

Tidal volume, mean (SD) 5.9 (0.4) 5.7 (0.6) 5.8 (0.5)



Driving Pressure (n=16) Conventional (n=15) Total (N= 31)

28 day mortality 7 (43.8) 5 (33.3) 0.72

In hospital mortality 7 (43.8) 8 (53.3) 0.72

Barotrauma in the first 7 d 1 (6.2) 0 (0) >0.99

Severe acidosis within 1hr (pH,7.1) 2 (12.5) 0 (0) 0.49

Severe acidosis within 7 d (pH,7.1) 3 (18.8) 1 (6.7) 0.60

Reintubation in 28 d 3/11 (27.3) 1/7 (14.3) >0.99

LOS in ICU 11.4 (7.8–18) 15.3 (7.7–29.3) 0.45

LOS of Hospital 19.3 (10.9–29.2) 21.4 (12.3–37.2) 0.55

VF 28d 9.5 (5.2–11.5) 11 (6–27) 0.28



• The primary objective of this study was to characterize reductions in driving pressure that could 
be achieved through changes in PEEP

• Prospective physiological pilot study
• 10 subjects with ARDS were placed on PEEP according to the ARDS Network Lower PEEP/FIO2 Table.

ddd

Age 45 (27–54)

Male, n (%) 6 (60)

Body mass index, kg/m2 38 (29–40)

Pneumonia 8 (80)

APACHE II 33 (31–37)

PaO2/FIO2 116 (98–132)

Tidal volume, mL/kg PBW 5.8 (5.0–6.0)

PEEP, cm H2O 10 (10–10)

Plateau pressure, cm H2O 24 (24–27)

Driving pressure, cm H2O 14 (13–17)

NM blockade, n (%) 2 (20)

PaO2/FIO2 116 (98–132)

Duration of MV 2 (0–3)

PEEP, cm H2O 10 (10–10)

Mortality, n (%) 1 (10)

Respir Care . 2020 May;65(5):583-589







• To compare the association of noninvasive oxygenation strategies with mortality and endotracheal 

intubation in adults with acute hypoxemic respiratory failure.

• Until April 2020:MEDLINE, Embase, PubMed, Cochrane Central Register of Controlled Trials, CINAHL,Web of Science, and LILACS

• Randomized clinical trials enrolling: high-flow nasal oxygen, face mask noninvasive ventilation, 

helmet noninvasive ventilation, or standard oxygen therapy.

JAMA . 2020 Jul 7;324(1):57-67







• [CESAR and EOLIA] and combined data from 429 patients

• ECMO (n=214) vs. control (n=215) 

ECMO group Control group RR (95% CI) p value

90 day mortality 77 (36) 103 (48) 0.75 (0.6–0.94) 0.013

Intensive Care Med. 2020 Oct 6 : 1–10.



Lancet Respir Med . 2019 Feb;7(2):163-172.



1. Oxygenation strategies in ICU

- Caution of conservative oxygenation strategies 

2. Mechanical ventilation 
-PPI ≥ H2block

-light sedation -> dex vs. profopol

3. Sepsis 

-Balanced fluid > 0.9% saline

-The role of vitamins in sepsis has not been proven.

4. ARDS

-Importance and efficiency of driving pressure 

-Noninvasive oxygenation strategies vs. standard oxygen therapy 

-ECMO in ARDS  



Thank you for your time and your attention !!! 


