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ARDS





CESAR study

• 2009년

• 53 of ECMO vs. 32 of control at 6months

• Death and severe disability at 6 months 

(RR, 0.69; 95% CI 0.05–0.97; P=0.03)

• Death at 6 months (RR 0.73; 95% CI 

0.52-1.03; P=0.07)

• Problem of study design

– Only 75% referred for ECMO

– No standardized protocol in control group

– Lost FU 3 patients of control at 6 months

Lancet. 2009 Oct 17;374(9698):1351-63



Methods

Endotracheal intubation and MV < 7 days

• P/F ratio < 50 mm Hg >3 hours

• P/F ratio <80 mm Hg >6 hours

• pH <7.25 with PaCO2 ≥60 mm Hg >6 hours

With RR increased to 35 /min adjusted to keep a plateau 

pressure of ≤32 cm of water despite ventilator 

optimization (defined as FiO2 ≥0.80, TV 6 ml/kg and 

PEEP ≥10 cm H2O)



Methods

• Non-ECMO centers 

– ECMO retrieval team could establish ECMO within 2 

hours after randomization and transfer the patient to 

the ECMO center.

• Primary endpoint: 60 days mortality



Methods

• 1015 assessed

• 35 patients (28%) crossed over to ECMO because of 

refractory hypoxemia at a mean (±SD) of 6.5±9.7 days 

after randomization.



Characteristics



Characteristics



Results



Crossover to ECMO

• 60 day mortality: 57% (20 of 35) vs. 41% (37 of 90) of non-

crossover control group, ECOM group 35% ( 44 of 124)







Airway Pressure Release Ventilation

↓ FRC and lung compliance → the FRC is restored and inspiration 

starts from a more favorable pressure-volume relationship



Static Pressure-Volume (PV) Curve



Airway Pressure Release Ventilation



Advantage of APRV

• Effects on oxygenation

– better V/Q matching to the poorly aerated dorsal region 

of the lungs

• Effects on hemodynamics

– During spontaneous breathing: ↓ pleural pressure ↓ the 

intra-thoracic and right atrial pressure ↑ venous return, 

the pre-load and the cardiac output

• Effects on sedation and neuromuscular blockades 

usage



Methods - protocol





Results







Optimal PEEP ?? In ARDS



Meta-analysis for mortality with high and low PEEP

Anesthesiology 2009; 110:1098

ALVOLI Trial: 14.7 vs. 9.9 

LOV Trial: 15.7 vs. 10.0

EXPRESS Trial: 15.1 vs. 8.4



Transpulmonary pressure

Pes

= Pes



Transpulmonary pressure



Transpulmonary pressure

Am J Respir Crit Care Med 2018;197:1018



PEEP Titration with Pes

Transpulmonary pressure (PL)= airway pressure – esophageal pressure



N Engl J Med 2008;359:2095

ART study



Methods

• Patients aged 16 years or older with moderate to severe 

ARDS (P/F ≤ 200mmHg) onset within the last 36 hours



Methods

• Maintain end-expiratory transpulmonary pressure (PL) 

between 0 to 6 cmH2O

• Tidal over-distension VT was decreased to as low as 4 

mL/kg For severe dyspnea or acidemia, VT as high as 

8 mL/kg 

• Once end-expiratory PL of 0 with FIO2 of 0.5 or less 

was tolerated for at least 24 hours, weaning protocol



Methods

• Empirical PEEP-FIO2 Group

– Adopted from the control group of the recent 

OSCILLATE trial

• Primary end point: Incorporated death and days 

free from mechanical ventilation through day 28





Outcome



conclusion

• Among patients with moderate to severe 

ARDS,PES-guided PEEP, compared with empirical 

high PEEP-FiO2, resulted in no significant difference

in death and days free from mechanical ventilation. 

These findings do not support PES-guided PEEP 

titration in ARDS.

• The comparator group in the prior trial was a less 

aggressive empirical PEEP-FiO2 strategy





Plasma angiopoietin-2 (ANG2)

• Established biomarker of endothelial activation 

and permeability

• Potential confounding: ANG 2 result from, rather 

than cause, lung injury



Methods

• Mendelian randomization: infer causality from observational 

data, considering each individual as “randomized” during 

gametogenesis to a high- or low-expressing genotype



Mendelian randomization



Methods

• The Molecular Epidemiology of SepsiS in the 

ICU (MESSI) cohort at the University of 

Pennsylvania

• ARDS: 280 patients

• Non – ARDS : 414 patients



Results



Conclusion

• Plasma ANG2 may be a causal factor in ARDS 

development. Strategies to reduce plasma 

ANG2 warrant testing to prevent or treat sepsis-

associated ARDS.



Sepsis





• 1241 patients

• 90-day mortality was 43.0% (264 of 614 patients) in the 

hydrocortisone-plus-fludrocortisone group and 49.1% 

(308 of 627patients) in the placebo group (P = 0.03)



• 3658 patients (1832 hydrocortisone group and 1826 placebo 

group)

• At 90 days, 511 patients (27.9%) in the hydrocortisone group 

and 526 (28.8%) in the placebo group had died (odds ratio, 0.95; 

95% confidence interval [CI], 0.82 to 1.10; P = 0.50).



Methods

• 42 RCT (including studies for children) 10,194 

patients

→ JAMA 37 RCT (only ≥ 18 years) 9564 patients

















Summary- steroid in sepsis

• Mortality maybe benefit

• Length of ICU stay benefit

• Aggravation

– Neuromuscular weakness

– Hypernatremia

– Hyperglycemia

• GI bleeding and super-infection are ok. 

• Hydrocortisone < 400mg

• Duration ≥ 4 days





Renin

• The renin-angiotensin-aldosterone system (RAAS) 

is fundamental to circulatory homeostasis 

• Renin

– The primary driving force in this system 

– Secretion in response to decreased tissue-perfusion, 

sympathetic activation, and hypoxic metabolism 

– Routinely measured in hypertension but not in acute 

circulatory failure



Renin

• Diurnal variation in healthy subjects

• Molecular weight (~40 kDa) is at the threshold 

for removal by hemofiltration

• Renin production affected by commonly used 

medications including beta-agonists, RAAS 

blockers, and furosemide



Methods

• One-hundred twelve arterial blood samples (n = 

112) were drawn from 20 patients.

• 13 patients shock:  30% septic shock, 15% 

hemorrhagic shock, 20% cardiogenic shock

• 7 patients (35%): not have circulatory shock

• The ICU mortality rate was 30%



Results



Results – Friedman statics



Results



Results



Results

• Renin value (> 40 μU/mL; supine patients)

• Lactate value (> 2 mM)





Thiamin in Critical ill patients

• Critically ill patients are commonly thiamine 

deficient

– Metabolic stress

– decreased or poor nutritional

– Presence of comorbidities



Thiamin in Critical ill patients

• 88 patients prospective study

• 200 mg thiamine in 50 mL 5% dextrose once daily

• Thiamin 50mg/2mL/A – 261원

Crit Care Med. 2016 February ; 44(2): 360–367



Methods

• Retrospective, single-center, matched cohort study

• Patients who received any dose IV thiamine 

supplementation within 24 hours of hospital admission

• 123 thiamine-treated patients matched with 246 patients 

who did not receive thiamin

• The primary outcome: lactate clearance





Results



Results



Conclusion

• Thiamine administration within 24 hours of 

admission in patients presenting with septic 

shock was associated with improved lactate 

clearance and a reduction in 28-day mortality 

compared with matched controls



Metabolic acidosis





Metabolic acidosis

• Negative impact on 

– Cardiac contractility

– Sensitivity of adrenergic receptors

– Adenosine triphosphate generation 

– Immune response 

• Circulatory failure and decreased survival



Metabolic acidosis



Methods

• Patients (aged ≥18 years) within 48 h to the ICU 

– with severe acidaemia (pH ≤7⋅20, PaCO2 ≤45 mm Hg, and sodium 

bicarbonate concentration ≤20 mmol/L) 

– with a total SOFA of 4 or more or an lactate of 2 mmol/L or more

• Exclusion

– Respiratory acidosis

– Proven digestive or urinary tract loss of sodium bicarbonate

– Stage IV chronic kidney disease

– Ketoacidosis

– Sodium bicarbonate infusion (including renal-replacement therapy) 

within 24 h before screening.



Methods

• 4.2% of intravenous sodium bicarbonate infusion 

(bicarbonate group) to maintain the arterial pH 

above 7.30

• The primary outcome

– Death from any cause by day 28 and at least one 

organ failure at day 7.









Renal replacement therapy





Methods

• A large US-based critical care database named Medical 

Information Mart for Intensive Care (MIMIC-III)

• Clinical data of the patients admitted to the ICUs of 

Beth Israel Deaconess Medical Center in Boston, 

Massachusetts, from June 1st, 2001 to October 31st, 

2012 (single center).

• 53,423 adult patients (aged 16 years or above) 

admitted to ICUs during the study period.



Methods

• Inclusion criteria

(1) with sepsis

(2) metabolic acidosis with pH < 7.3 and BC < 20 mmol/l

(3) in the absence of respiratory acidosis (PaCO2 < 50 

mmHg)

• Propensity score (PS) matching











Conclusion

• SB infusion was not associated with improved 

outcome in septic patients with metabolic 

acidosis, but it was associated with improved 

survival in septic patients with AKI stage 2 or 3 

and severe acidosis



Delirium





Methods

• Acute respiratory failure or shock 

• IV boluses of haloperidol (maximum, 20 mg daily)

• Ziprasidone (maximum dose, 40 mg daily)

• Placebo

• The volume and dose of a trial drug or placebo was 

halved or doubled at 12-hour intervals with CAM ICU









Methods

• Nocturnal (9:30 P.M. to 6:15 A.M.) intravenous 

dexmedetomidine (0.2 mg/kg/h, titrated by 0.1 

mg /kg/h every 15 min until a goal RASS score 

of -1 or maximum rate of 0.7 mg/kg/h was 

reached) or placebo until ICU discharge





delirium
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