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Clinical Course of ARDS
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Prognosis of ARDS
No Change of High Mortality Over Time

Am J Respir Crit Care Med 2009;179:220



Treatment of ARDS
No Specific Treatment

• General supportive care: mainstay of treatment

− Recognition and treatment of the underlying medical and surgical disorders 

(e.g., sepsis, aspiration, trauma)

− Minimizing procedures and their complications: lung protective ventilation

− Prophylaxis against DVT, GI bleeding, aspiration, excessive sedation, and 

central venous catheter infections

− Prompt recognition of nosocomial infections

− Provision of adequate nutrition

• Fluid management: restrictive fluid balance

– Increased ventilator free days, ICU free days

N Engl J Med 2006;354:2564-75

JAMA 2018;319:698



Pharmacotherapy for ARDS

Proposed therapy Impact on outcome Major study

Surfactant No effect N Engl J Med 1996;334:1417

Liposomal prostaglandin E1 No effect Crit Care Med 1999;27:1478

Ketoconazole No effect JAMA 2000;283:1995

Activated protein C No effect N Engl J Med 2001;344:699

Lisofylline No effect Crit Care Med 2002;30:1

Neutrophil elastase inhibitor No effect Crit Care Med 2004;32:169

Inhaled NO No effect JAMA 2004;291:1603

Omega-3 fatty acids No effect JAMA 2011;306:1574

Beta-adrenergic agonist No effect Lancet 2012;379:229

Corticosteroids Mixed results Controversial



N Engl J Med 2006;354:1739 

Target for Corticosteroid Treatment
Inhibition of Inflammation



Corticosteroid for Preventing ARDS

• Anti-inflammatory effect of corticosteroid might prevent or ameliorate 

parenchymal lung injury in patients with sepsis or risk for ARDS
N EngI J Med 1981;305:456



Corticosteroid for Preventing ARDS
30mg/kg every 6 h for 1 day

Am Rev Respir Dis 1988;138:62



Corticosteroid for Preventing ARDS
Summary of Trials

Study Design Underlying condition
Incidence of ARDS

Steroid group Control group P value

Sprung et al RCT Septic shock 24%

(14% in DEXA)

13% NA

Weigelt et al RCT Respiratory failure at 

risk for ARDS

64% 33% 0.008

Bone at al RCT Sepsis 32% 25% 0.1

Luce et al RCT Septic shock 34% 38% NS

No effect of early, short-course, high-dose corticosteroid on preventing the progression of 

ARDS 
N Engl J Med 1984;311:1137

Arch Surg 1985;120:536

Chest 1987;92:1032

Am Rev Respir Dis 1988;138:62



High-dose Steroid Therapy in ARDS
Early, Short-course, High-dose



High-dose Steroid Therapy in ARDS
30mg/kg every 6 h for 1 day

N Engl J Med 1987;317:1565



High-dose Steroid Therapy in ARDS
30mg/kg every 6 h for 1 day

N Engl J Med 1987;317:1565



High-dose Steroid Therapy in Septic ARDS
30mg/kg every 6 h for 1 day

Chest 1987;92:1032



Sustained Course of Steroid for ARDS



Corticosteroid Tx in Late ARDS
Target for Active Inflammation 

67Ga Citrate ScanCXR on 25th HD  

Chest 1990;97:138



Corticosteroid Tx in Late ARDS
Representative Case

Chest 1990;97:138

CXR after 14 days of steroid Tx



Corticosteroid Tx in ARDS
Sustained Course of Steroid Treatment

Chest 1990;97:138



Effects of Sustained Course of Steroid Treatment
Case Series: Survival in 75% 

Chest 1991;100:943



Prolonged, Moderate Dose of Steroid in ARDS
Multicenter RCT 

• Corticosteroid treatment

– Loading dose 2mg/kg

– D1~14: 2mg/kg/d

– D15~21: 1mg/kg/d

– D22~28: 0.5 mg/kg/d

– D29~30: 0.25 mg/kg/d

– D31~32: 0.125 mg/kg/d

– If the patients was extubated

prior to day 14, treatment was 

advanced to day 15 of drug 

therapy and tapered according 

to schedule

JAMA1998;280:159

7 days of MV with LIS of 2.5 or 

greater and less than 1-point reduction 

from day 1 of ARDS



Prolonged Corticosteroid in ARDS
Clinical Outcomes

JAMA 1998;280:159



Prolonged Corticosteroid in ARDS
Limitation: Different Baseline Characteristics

JAMA 1998;280:159



Moderate Dose of Steroid in ARDS
ARDS Clinical Trial Network

N Engl J Med 2006;354:1671

Enrollment: 7 to 28 days after the onset of ARDS



Prolonged Corticosteroid in Late ARDS
ARDS Clinical Trial Network

N Engl J Med 2006;354:1671



Prolonged Corticosteroid in Late ARDS
ARDS Clinical Trial Network

N Engl J Med 2006;354:1671



Comparison of Protocols
Meduri et al vs. ARDS Clinical Trial Network

Meduri’s protocol ARDS Net protocol

Duration of ARDS before enrollment: 8.8 ~ 9.4 days Duration of ARDS before enrollment: 9.3 ~ 9.4 days



Low-Dose Corticosteroid in Septic Shock
Post-hoc Analysis for Early ARDS

Crit Care Med 2006;34:22



Early (≤ 72 h) Corticosteroid Therapy in ARDS

• Corticosteroid treatment within 

72 h of diagnosis

– Loading dose 1mg/kg

– D1~14: 1mg/kg/d

– D15~21: 0.5mf/kg/d

– D22~25: 0.25 mg/kg/d

– D26~28: 0.125 mg/kg/d

– If the patient was extubated

between days 1 and 14, the 

patient was advanced to day 

15 of drug therapy and 

tapered according to schedule
Chest 2007;131:954



Early (≤ 72 h) Corticosteroid Therapy in ARDS
Change of LIS over 7 Days

Chest 2007;131:954



Early (≤ 72 h) Corticosteroid Therapy in ARDS
Clinical Outcomes

Chest 2007;131:954



Hydrocortisone for Early Septic ARDS
7 Day Course of Hydrocortisone (50 mg q 6 h)

Crit Care 2016;20:329



Hydrocortisone for Early Septic ARDS
7 Day Course of Hydrocortisone (50 mg q 6 h)

Crit Care 2016;20:329



Dexamethasone in Moderate to Severe ARDS
DEXA-ARDS Study, Spain

• Potent anti-inflammatory and weak mineralocorticoid effects compared 

with other corticoids

– 20~30 times more potent than the naturally occurring hormone cortisol

– 4~5 times more potent than prednisone

• Long lasting, allowing for a regimen of one dose per day
Lancet 2011; 377: 2023

• 10 days of administration: 20 mg once daily from day 1 to day 5, and then 

reduced to 10 mg once daily from day 6 to day 10.



Time of Enrollment
DEXA-ARDS Study, Spain

Lancet Respir Med 2020;8:267



Clinical Outcomes
DEXA-ARDS Study, Spain

Lancet Respir Med 2020;8:267



Steroid Therapy in ARDS
Evidence on Timing

Acute Respiratory Distress Syndrome

Prevention Early phase

(<72 h)

Late phase

(day 7 ~ 14)

Late phase

(day 15 ~ 28)

No benefit and high 

dose may be harmful

Treatment with 

corticosteroid may 

result in improved lung 

function, fewer days 

requiring MV, and 

lower ICU mortality

Treatment with 

corticosteroid may 

result in fewer days 

requiring MV, fewer 

days in the ICU, and 

more cardiovascular 

failure free days

No benefit and 

associated with an 

increase in mortality



Costicosteroid for Early ARDS 
Meta-analysis of 4 RCTs

J Intensive Care 2020;8:91



Timing and Duration of Corticosteroid Tx
Back to the Past

Chest 1990;97:138



Corticosteroid for ARDS



ECCM & ESICM Recommendation, 2017

• In summary, the task force suggested that methylprednisolone be 

considered in patients with early (up to day 7 of onset; PaO2/FiO2 of <200) 

in a dose of 1 mg/kg/day and late (after day 6 of onset) persistent ARDS in 

a dose of 2 mg/kg/day followed by slow tapering over 13 days

• Methylprednisolone is suggested because of its greater penetration into 

lung tissue and longer residence time. 

• Furthermore, methylprednisolone should be weaned slowly (6–14 days) 

and not stopped rapidly (2–4 days) or abruptly as deterioration may occur 

from the development of a reconstituted inflammatory response. 

• Finally, glucocorticoid treatment blunts the febrile response; therefore, 

infection surveillance is recommended to ensure prompt identification and 

treatment of hospital-acquired infections.

Intensive Care Med 2017; 43:1751



Systematic Review on Steroid Therapy in ARDS

Intensive Care Med 2021;47:521



• Critical illness polymyoneuromyopathy (weakness)

– Increased severity of neuromyopathy

• Hyperglycemia

• Gastrointestinal bleeding

• Risk of secondary infection

– Increased incidence of bacterial superinfection

– Associated with opportunistic infection
N Engl J Med 2008;358:111

Pharmacotherapy 2022;42:71

Associated with poor outcomes: may compensate the positive effect 

of prolonged corticosteroid treatment

Adverse Events of Corticosteroids
Prolonged Treatment



CMV Reactivation in ARDS
MARS Cohort, Netherland

CMV reactivation was associated with overall increased ICU mortality 

(adjusted subdistribution hazard ratio (SHR) 2.74, 95 % CI 1.51–4.97)
Intensive Care Med 2016;42:333



Intubation Time

PF ratio

LIS

Corticosteroid treatment

- Loading dose 1mg/kg

- D1~14: 1mg/kg/d

- D15~21: 0.5mf/kg/d

- D22~25: 0.25 mg/kg/d

- D26~28: 0.125 mg/kg/d

72hr (D1) D3 D7

PF ratio

LIS

CPIS

Laboratory tests

- Procalcitonin

- CRP

PF ratio

LIS

CPIS

Laboratory tests

- Procalcitonin

- CRP

48 hr

Evaluation of Responsiveness at Day 7

• Responsiveness to corticosteroid treatment at 7 days

– Weaning from MV within 7 days after treatment

– Improvement in lung function defined as follows

• Reduction in lung injury score (LIS) ≥ 1 point

• LIS at 7-day ≤ 2.0 (for study entry LIS ≤ 2.9) or ≤ 2.5 (for study entry LIS ≥ 3.0)

Chest 2007;131:954 

Yonsei Med J 2015;56:287



Characteristics Responders (n = 10) Nonresponders (n = 10) P value

Clinical outcomes

ICU mortality

Length of stay in ICU, days

In-hospital mortality

1 (10)

8.5 (7.0 – 20.0)

3 (30)

8 (80)

21.5 (17.0 – 28.0)

9 (90)

0.005

0.089

0.020

Severity of ARDS

Lung injury score

PF ratio

3.0 (2.7 – 3.3)

170.5 (149.4 – 192.8)

2.9 (2.8 – 3.0)

127.2 (117.1 – 143.8)

0.631

0.023

NT-proBNP, pg/mL

Procalcitoin, ng/mL

CRP

Serum TGF-ß, pg/mL

Serum IL-6, pg/mL

Serum TNF-α, pg/mL

BAL TREM-1, pg/mL

BAL procollagen, ng/mL

2094 (921 – 5572)

0.51 (0.29 – 1.80)

18.8 (14.7 – 21.9)

4326.9 (3098.7 – 11358.5)

87.3 (26.2 – 385.1)

13.7 (12.2 – 18.7)

313.6 (208.9 – 329.8)

14.5 (11.8 – 27.9)

5478 (713 – 17489)

0.61 (0.39 – 1.27)

15.7 (10.9 – 24.9)

3451.7 (15.5 – 12220.5)

134.2 (47.5 – 210.4)

12.6 (10.8 – 18.6)

520.5 (368.8 – 697.8)

26.3 (11.6 – 73.5)

0.529

0.853

0.631

0.684

0.739

0.796

0.029

0.280

Changes at day 2 after treatment

Change in LIS

Change in PF ratio

-1.0 (-1.0 – -0.8)

44.0 (3.4 – 52.8)

0 (-0.3 – 0)

-3.7 (-18.8 – 43.0)

<0.001

0.278

Comparisons of Clinical Outcomes
Responders vs. Non-responders

Yonsei Med J 2015;56:287



Steroid Therapy in ARDS
Summary

• Corticosteroid treatment should be considered in the management of 

ARDS 

– As early (< 72 h) as possible, or within 7 ~ 14 days

– Low-dose steroid therapy

– Prolonged course

• SMC protocol: early, low-dose, prolonged treatment

– Within 72 h (~ 7 days) after diagnosis of ARDS

– 1mg/kg loading and 1mg/kg/day over 24 h (CIV) 

– Assessment of responsiveness to steroid therapy at 7 days: lung injury score

• Response (+): sustained steroid treatment for 14 days and tapered (28 days)

• Response (−): tapered within 7 days (14 days)
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