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Prospective observational cohort study was performed to evaluate predictors for 
responsiveness to corticosteroid treatment in patients with acute respiratory dis-
tress syndrome (ARDS). Over the study period, a total of 20 patients (male 70%, 
median age 69) with ARDS were treated with corticosteroid within 72 h after intu-
bation. The median lung injury score (LIS) and partial pressure of arterial oxygen 
(PaO2)/fraction of inspired oxygen (FiO2) ratios (PF ratios) were 3.0 (interquartile 
range, 2.7‒3.0) and 146.6 (119.9‒179.4), respectively. The median levels of trig-
gering receptor expressed on myeloid cells (TREM-1) and procollagen peptide 
type III in bronchoalveolar lavage (BAL) fluid were 349.3 (225.6‒634.9) pg/mL 
and 19.6 (11.7‒39.7) pg/mL, respectively. After 7 days of corticosteroid treatment, 
10 (50%) patients showed response to the treatment (successful extubation in 7 
and 1-point or more reduction in LIS in 3). Compared to non-responders, respond-
ers had higher initial PF ratios (170.5 vs. 127.2, p=0.023), lower level of TREM-1 
in BAL fluid (313.6 pg/mL vs. 520.5 pg/mL, p=0.029), and greater reduction in 
LIS at 3 days (-1 vs. 0, p<0.001). In conclusion, PF ratios and TREM-1 level in 
BAL fluid at baseline, and reduction in LIS at day 3 after the treatment were asso-
ciated with the response to prolonged corticosteroid treatment (ClinicalTrials.gov 
Identifier: NCT01093287).
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Although the effects of prolonged corticosteroid treatment on survival in acute re-
spiratory distress syndrome (ARDS) remain controversial, the treatment has 
shown positive effects on lung mechanics and gas exchanges.1-4 In a recent multi-
center randomized controlled trial,4 prolonged administration of low-dose methyl-
prednisolone (1 mg/kg/day) initiated in early ARDS was associated with earlier 
resolution of pulmonary and extrapulmonary organ dysfunction, as well as reduc-
tion in duration of mechanical ventilation (MV) and intensive care unit (ICU) stay. 
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breathing trial according to our protocol.
Data on demographic characteristics, physiologic charac-

teristics, precipitating condition of ARDS, the Simplified 
Acute Physiology Score 3,10 and Sequential Organ Failure 
Assessment11 were recorded at study entry. The following 
baseline variables were also measured at enrollment: PF ra-
tio, lung injury score (LIS), oxygenation index (OI), serum 
levels of C-reactive protein, procalcitonin, N-terminal pro-B-
type natriuretic peptide (NT pro-BNP), interleukin-6 (IL-6), 
tumor necrosis factor-α, and transforming growth factor-β. At 
day 3 and 7, PF ratio, OI, LIS, and serum levels of C-reactive 
protein, procalcitonin, and NT pro-BNP were measured. 
Critical-illness-related corticosteroid insufficiency was evalu-
ated at study entry by a delta serum cortisol level of <9 µg/dL 
after adrenocorticotropic hormone (250 µg) administration or 
random total serum cortisol <10 µg/dL.12

The primary outcome was weaning from MV within 7 
days or improvement in LIS of more than 1 point by study 
day 7.4 For patients remaining intubated on study day 7, im-
provement in lung function was defined as follows: a reduc-
tion in LIS 1 or more point, and a day 7 LIS ≤2.0 (for study 
entry LIS ≤2.9) or ≤2.5 (for study entry LIS ≥3.0) as previ-
ously described.4 Finally, we documented the outcomes of 
patients with ARDS including lengths of stays in ICU and 
hospital, and 28-day, ICU, and hospital mortality.

Data are presented as medians and interquartile range 
(IQR) for continuous variables and as numbers (percentag-
es) for categorical variables. Data were compared using the 
Mann-Whitney U test for continuous variables and the Fish-
er’s exact test for categorical variables. All tests were two-
sided, and a p value <0.05 was considered significant. Data 
were analyzed using IBM SPSS Statistics 19.0 (IBM, Chi-
cago, IL, USA).

Over the study period, a total of 20 patients with ARDS 
who met inclusion criteria were enrolled into the study. Base-
line characteristics are presented in Table 1. The sample in-
cluded 14 males and 6 females with a median age of 69 
(62‒73) years. The condition most often precipitating ARDS 
in the patient sample was pneumonia (90%). The median 
LIS and PF ratios were 3.0 (IQR, 2.7‒3.0) and 146.6 (119.9‒ 
179.4), respectively. All but 2 patients were classified as 
moderate ARDS by the Berlin definition. The median lev-
els of TREM-1 and procollagen peptide type III in BAL 
were 349.3 (225.6‒634.9) pg/mL and 19.6 (11.7‒39.7) pg/
mL, respectively. After 7 days of corticosteroid treatment, 10 
(50%) patients showed response to the treatment (success-
ful extubation in 7 and 1-point reduction in LIS in 3). 

On the other hand, however, prolonged corticosteroid treat-
ment may induce serious adverse events.5,6 Therefore, early 
prediction of response to prolonged corticosteroid treatment 
would be helpful to decide whether to continue treatment. 

We conducted a prospective observational study to evalu-
ate predictors of response to prolonged corticosteroid treat-
ment in early ARDS. Our hypothesis was that response to 
prolonged corticosteroid treatment was expected within 3 
days after the initiation of treatment.

The investigation was conducted from July 2010 through 
November 2011 in the medical ICU of Samsung Medical 
Center (a 1961-bed, university-affiliated, tertiary referral hos-
pital in Seoul, Korea). The Institutional Review Board of 
Samsung Medical Center approved this study. Written in-
formed consent was obtained from patients or their surro-
gates. Adult patients who were intubated and receiving MV 
were eligible for enrollment if, within 72 hours after intuba-
tion, they met diagnostic criteria for ARDS as previously 
defined.7 On the day of study entry, the partial pressure of 
arterial oxygen (PaO2)/fraction of inspired oxygen (FiO2) 
ratio (PF ratio) had to be less than 200 at positive end-expi-
ratory pressure (PEEP) of 8 cmH2O or more. Severity of 
ARDS was classified by the Berlin definition.8 The exclu-
sion criteria were imminent death, contraindication to corti-
costeroid treatment, current medication of more than 0.5 
mg/kg of methylprednisolone or its equivalent, evidence of 
uncontrolled infection, and refusal of managing physician 
to participate in the study.

On the day of study entry, we performed bronchoscopic 
bronchoalveolar lavage (BAL) for microbiologic examina-
tions, procollagen peptide type III, and triggering receptor 
expressed on myeloid cells (TREM-1).9 Methylprednisolone 
mixed in 200 mL of normal saline solution was adminis-
tered continuously. A loading dose of 1 mg/kg was followed 
by an infusion of 1 mg/kg/day from day 1 to day 14, 0.5 mg/
kg/day from day 15 to day 21, 0.25 mg/kg/day from day 22 
to day 25, and 0.125 mg/kg/day from day 26 to day 28.4 If 
patient was extubated between day 1 and 14, the patient 
was advanced to day 15 of treatment and tapered as sched-
uled. Lung protective ventilation strategy, including low 
tidal volume ventilation of less than 6 mL/kg of predicted 
body weight with permissive hypercapnia and fluid restric-
tion, were applied during the study period. PEEP was ad-
justed based on airway pressure and was kept as high as 
possible without increasing the maximal inspiratory plateau 
pressure above 28 to 30 cmH2O. Patients were assessed 
daily for weaning readiness and weaned by spontaneous 
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Clinical characteristics and outcomes of responders and 
non-responders to prolonged corticosteroid treatment are 
presented in Table 2. In comparisons of potential predictors 
between responders and non-responders, responders had 
higher initial PF ratios (170.5 vs. 127.2, p=0.023) and low-
er levels of TREM-1 in BAL fluid (313.6 pg/mL vs. 520.5 
pg/mL, p=0.029) than non-responders. In addition, respond-
ers had greater reduction in LIS on day 3 (-1 vs. 0, p<0.001) 
than non-responders. Hospital mortality was significantly 
lower in patients who responded to corticosteroid treatment 
(30%) than those who did not respond (90%) (p=0.020).

In the present study, we evaluated early predictors of re-
sponse to prolonged corticosteroid treatment in early ARDS. 
Greater reduction in LIS after 3 days of the treatment was 
associated with response to treatment, although higher PF 
ratios and lower level of TREM-1 in BAL fluid were also 
associated with response to treatment.

The use of corticosteroids for treating ARDS has been the 
subject of great controversy and debate. Trials of high-dose, 
short course corticosteroids for early-phase ARDS failed to 
show improvements in survival.13,14 However, a recent trial 
using low-dose, prolonged course of corticosteroids showed 
that corticosteroid-induced down-regulation of systemic in-
flammation was associated with significant improvements in 
pulmonary and extrapulmonary organ dysfunction.4 In addi-
tion, changes of surrogate markers for pulmonary and sys-
temic inflammation were observed within 3 days after treat-
ment, consistent with previous studies of moderate-dose, 
prolonged corticosteroid treatment for late ARDS.1,15 These 
changes were associated with parallel improvements in pul-
monary and extrapulmonary organ dysfunction scores.1,4 
Therefore, response to prolonged corticosteroid treatment 
for ARDS in terms of changes of organ dysfunction scores 
are expected within 3 days after the initiation of treatment. 
In the present study, reduction of LIS, used for surrogate 
marker for pulmonary dysfunction, at day 3 after corticoste-
roid treatment was associated with response to the treatment 
by a day. Based on these findings, therefore, treatment re-
sponse should be monitored by daily measurements of LIS 
when patients undergo prolonged corticosteroid treatment 
for ARDS.

Corticosteroids may induce serious adverse events in-
cluding superinfection, hyperglycemia, and muscle weak-
ness, all of which deserve specific attention for prevention. 
Such drug-related adverse events could discourage physi-
cians from treating ARDS patients with corticosteroids. In 
addition, blunted febrile response in patients treated with 

Table 1. Baseline Characteristics and Clinical Outcomes of 
Patients with Early Acute Respiratory Distress Syndrome 
(ARDS) Treated with Prolonged Corticosteroid Treatment

Characteristics No. of patients (%) or 
median (IQR)

Age, yrs        69 (62–73)
Sex, male        14 (70)
Severity of illness
    SAPS3        56 (41–66)
    SOFA score          6 (3–8)
Conditions precipitating ARDS
    Pneumonia        18 (90)
    Aspiration          2 (10)
Severity of ARDS
    LIS       3.0 (2.7–3.0)
    OI     15.1 (12.8–25.8)
    PF ratio   146.6 (119.9–179.4)
        Moderate ARDS        18 (80)
        Severe ARDS          2 (20)
    PEEP, cmH2O        12 (10–14)
CIRCI        13 (65)
Laboratory
    pH     7.48 (7.38–7.50)
    PaO2, mm Hg     68.6 (64.9–74.7)
    PaCO2, mm Hg     39.6 (36.9–46.4)
    HCO3

-     29.2 (26.1–32.9)
    NT-proBNP    3132 (765–15038)
    Procalcitoin     0.59 (0.33–1.69)
    CRP     17.5 (11.8–24.2)
    Serum TGF-β, pg/mL 3671.1 (551.3–11897.1)
    Serum IL-6, pg/mL     94.1 (34.9–237.6)
    Serum TNF-α, pg/mL     13.0 (10.9–18.7)
    BAL TREM-1, pg/mL   349.3 (225.6–634.9)
    BAL procollagen peptide type III, 
      ng/mL     19.6 (11.7–39.7)

Response to corticosteroid treatment*        10 (50)
    Weaning from MV within 7 days          7
    Improvement in LIS          3
Weaning from MV        11 (55)
ICU mortality          9 (45)
Length of stay in ICU, days     17.5 (8.0–25.5)
28-day mortality          8 (40)
In-hospital mortality     22.5 (16.5–31.0)
Length of stay in hospital, days        12 (60)

IQR, interquartile range; SAPS3, Simplified Acute Physiology Score 3; 
SOFA, Sequential Organ Failure Assessment; LIS, lung injury score; OI, 
oxygenation index; PF ratio, partial pressure of arterial oxygen (PaO2)/frac-
tion of inspired oxygen (FiO2) ratio; PEEP, positive end-expiratory pressure; 
NT pro-BNP, N-terminal pro-B-type natriuretic peptide; CRP, C-reactive pro-
tein; BAL, bronchoalveolar lavage; TREM, triggering receptor expressed on 
myeloid cells; MV, mechanical ventilation; ICU, intensive care unit; CIRCI, 
critical-illness-related corticosteroid insufficiency; TGF-β, transforming 
growth factor-β; IL-6, interleukin-6; TNF-α, tumor necrosis factor-α.
*Defined as weaning from MV within 7 days or improvement in LIS of 
more than 1 point by study day 7, which was defined as follows: (1) a re-
duction in LIS ≥1 point, and (2) a day 7 LIS ≤2.0 (for study entry LIS ≤2.9) or 
≤2.5 (for study entry LIS ≥3.0). 
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corticosteroid treatment may lead to negative effects that 
counterbalance the positive effects of this agent. 

The limitations of this study are attributed primarily to uni-
variate analysis with a small sample size, with which were 
unable to evaluate the independent contributions of each pre-
dictor of response to corticosteroid treatment. Therefore, a 
larger scale study is needed to confirm the findings of this 
pilot study.

In summary, response to prolonged corticosteroid treat-

corticosteroids is also important, since signs of uncontrolled 
infection could be masked. In the present study, the levels 
of TREM-1 in the BAL fluid of non-responders were higher 
than those of responders to corticosteroid treatment. The 
level of TREM-1 in BAL fluid has been suggested as a bio-
marker of bacterial pneumonia.9 In patients with high levels 
of TREM-1 in BAL fluid, therefore, pulmonary infection, 
which is a precipitating condition of ARDS, might not be 
controlled prior to corticosteroid treatment. In these patients, 

Table 2. Clinical Characteristics and Outcomes of Responders and Non-Responders to Prolonged Corticosteroid Treatment 
for Acute Respiratory Distress Syndrome (ARDS)

Characteristics Responders Non-responders p value
Age, yrs        66 (57–74)        70 (66–71) 0.912
Sex, male          8 (80)          6 (60) 0.628
Severity of illness
    SAPS3        51 (37–57)        61 (54–69) 0.089
    SOFA score          4 (3–8)          7 (5–10) 0.218
Conditions precipitating ARDS 0.474
    Pneumonia          8        10
    Aspiration          2          0
Severity of ARDS
    LIS       3.0 (2.7–3.3)       2.9 (2.8–3.0) 0.631
    OI     14.4 (9.9–23.0)     15.6 (13.8–28.5) 0.353
    PF ratio   170.5 (149.4–192.8)   127.2 (117.1–143.8) 0.023
    Severe ARDS*          1 (10)          1 (10) >0.999
CIRCI          6 (60)          7 (70) 0.639
Laboratory
    NT-proBNP    2094 (921–5572)    5478 (713–17489) 0.529
    Procalcitoin     0.51 (0.29–1.80)     0.61 (0.39–1.27) 0.853
    CRP     18.8 (14.7–21.9)     15.7 (10.9–24.9) 0.631
    Serum TGF-ß, pg/mL 4326.9 (3098.7–11358.5) 3451.7 (15.5–12220.5) 0.684
    Serum IL-6, pg/mL     87.3 (26.2–385.1)   134.2 (47.5–210.4) 0.739
    Serum TNF-α, pg/mL     13.7 (12.2–18.7)     12.6 (10.8–18.6) 0.796
    BAL TREM-1, pg/mL   313.6 (208.9–329.8)   520.5 (368.8–697.8) 0.029
    BAL procollagen peptide type III, ng/mL     14.5 (11.8–27.9)     26.3 (11.6–73.5) 0.280
Changes at day 2 after corticosteroid treatment
    Change in LIS      -1.0 (-1.0 – -0.8)          0 (-0.3–0) <0.001
    Change in OI       9.8 (6.1–19.7)       5.5 (1.3–13.6) 0.489
    Change in PF ratio     44.0 (3.4–52.8)      -3.7 (-18.8–43.0) 0.278
Clinical outcomes
    ICU mortality          1 (10)          8 (80) 0.005
    Length of stay in ICU, days       8.5 (7.0–20.0)     21.5 (17.0–28.0) 0.089
    28-day mortality          2 (20)          6 (60) 0.170
    In-hospital mortality          3 (30)          9 (90) 0.020
    Length of stay in hospital, days     22.5 (16.0–33.0)     22.5 (17.0–29.0) 0.912

SAPS3, Simplified Acute Physiology Score 3; SOFA, Sequential Organ Failure Assessment; LIS, lung injury score; OI, oxygenation index; PF ratio, partial 
pressure of arterial oxygen (PaO2)/fraction of inspired oxygen (FiO2) ratio; NT pro-BNP, N-terminal pro-B-type natriuretic peptide; CRP, C-reactive protein; 
BAL, bronchoalveolar lavage; TREM, triggering receptor expressed on myeloid cells; ICU, intensive care unit; CIRCI, critical-illness-related corticosteroid 
insufficiency; TGF-β, transforming growth factor-β; IL-6, interleukin-6; TNF-α, tumor necrosis factor-α.
Values are expressed as medians (interquartile range) or frequencies (%).
*Defined as PaO2/FiO2 ≤100 mm Hg with PEEP ≥5 cmH2O.



Steroid Treatment for ARDS

Yonsei Med J   http://www.eymj.org   Volume 56   Number 1   January 2015 291

et al. Hydrocortisone therapy for patients with septic shock. N 
Engl J Med 2008;358:111-24.

7.	Bernard GR, Artigas A, Brigham KL, Carlet J, Falke K, Hudson L, 
et al. The American-European Consensus Conference on ARDS. 
Definitions, mechanisms, relevant outcomes, and clinical trial co-
ordination. Am J Respir Crit Care Med 1994;149(3 Pt 1):818-24.

8.	ARDS Definition Task Force, Ranieri VM, Rubenfeld GD, Thomp-
son BT, Ferguson ND, Caldwell E, et al. Acute respiratory distress 
syndrome: the Berlin Definition. JAMA 2012;307:2526-33.

9.	Gibot S, Cravoisy A, Levy B, Bene MC, Faure G, Bollaert PE. 
Soluble triggering receptor expressed on myeloid cells and the di-
agnosis of pneumonia. N Engl J Med 2004;350:451-8.

10.	Moreno RP, Metnitz PG, Almeida E, Jordan B, Bauer P, Campos 
RA, et al. SAPS 3--From evaluation of the patient to evaluation of 
the intensive care unit. Part 2: Development of a prognostic model 
for hospital mortality at ICU admission. Intensive Care Med 2005; 
31:1345-55.

11.	Vincent JL, Moreno R, Takala J, Willatts S, De Mendonça A, Bru-
ining H, et al. The SOFA (Sepsis-related Organ Failure Assess-
ment) score to describe organ dysfunction/failure. On behalf of the 
Working Group on Sepsis-Related Problems of the European So-
ciety of Intensive Care Medicine. Intensive Care Med 1996;22: 
707-10.

12.	Marik PE, Pastores SM, Annane D, Meduri GU, Sprung CL, Arlt 
W, et al. Recommendations for the diagnosis and management of 
corticosteroid insufficiency in critically ill adult patients: consensus 
statements from an international task force by the American Col-
lege of Critical Care Medicine. Crit Care Med 2008;36:1937-49.

13.	Bernard GR, Luce JM, Sprung CL, Rinaldo JE, Tate RM, Sibbald 
WJ, et al. High-dose corticosteroids in patients with the adult re-
spiratory distress syndrome. N Engl J Med 1987;317:1565-70.

14.	Luce JM, Montgomery AB, Marks JD, Turner J, Metz CA, Mur-
ray JF. Ineffectiveness of high-dose methylprednisolone in pre-
venting parenchymal lung injury and improving mortality in pa-
tients with septic shock. Am Rev Respir Dis 1988;138:62-8.

15.	Meduri GU, Tolley EA, Chrousos GP, Stentz F. Prolonged meth-
ylprednisolone treatment suppresses systemic inflammation in pa-
tients with unresolving acute respiratory distress syndrome: evi-
dence for inadequate endogenous glucocorticoid secretion and 
inflammation-induced immune cell resistance to glucocorticoids. 
Am J Respir Crit Care Med 2002;165:983-91.

ment in patients with early ARDS was observed in 50% of 
the patients in our sample. PF ratios and TREM-1 levels in 
BAL fluid at baseline, and reduction in LIS 3 days after treat-
ment, were associated with response to prolonged low-dose 
corticosteroid treatment. However, this observation needs to 
be further evaluated by a multicenter, prospective study with 
larger sample size.
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