
ABSTRACT

Objective: Despite the high incidence and poor outcomes of acute respiratory distress syndrome (ARDS), it has no specific treatment. Many 
pharmacological therapies have been investigated in several studies, but there are limited treatment options with proven efficacy. The aim of our 
present study was to determine the effect of methylprednisolone treatment on mortality and morbidity rates in early ARDS.

Methods: Forty-seven patients with ARDS who underwent mechanical ventilation (MV) between January 2008 and December 2012 were 
enrolled in this study. They were classified into two groups: methylprednisolone group (22 patients) and control group (25 patients). Those in the 
methylprednisolone group received a 2-mg/kg intravenous loading dose of methylprednisolone on the first day, followed by an infusion of 0.5 
mg/kg every 6 h on days 2–15 and of 0.25 mg/kg every 6 h on days 16–22.

Results: The weaning rate from MV was significantly higher (p=0.005), duration of MV was shorter (p=0.021), and mortality rate was lower 
(p=0.013) in the methylprednisolone group than in the control group. In Kaplan–Meier analysis, survival probabilities in the methylprednisolone 
group were significantly higher than those in the control group (p=0.022). Furthermore, the lung injury score, multiple organ dysfunction 
syndrome score, and C-Reactive Protein levels were lower in the methylprednisolone group. However, there were no differences between the 
two groups in terms of the day ARDS developed, duration of ARDS, and length of stay.

Conclusion: Our study showed that early methylprednisolone treatment in patients with ARDS provides significant recovery in pulmonary and 
extrapulmonary organ function, increases the possibility of weaning from MV, and reduces the mortality rate.

Keywords: Acute respiratory distress syndrome, methylprednisolone, mechanical ventilation, mortality

ÖZ

Amaç: Yüksek insidansı ve kötü sonuçlarına rağmen, akut solunum sıkıntısı sendromunda (ARDS) özel bir tedavi yoktur. Çeşitli çalışmalarda birçok 
farmakolojik ajan araştırılmıştır, ancak etkinliği kanıtlanmış tedavi seçenekleri sınırlıdır. Çalışmamızın amacı, erken dönem ARDS'de metilpredni-
zonon tedavisinin mortalite ve morbidite üzerine etkisini belirlemektir.

Yöntemler: Ocak 2008 - Aralık 2012 tarihleri arasında mekanik ventilasyon (MV) uygulanan 47 ARDS'li hasta bu çalışmaya dâhil edildi. Hastalar, 
metilprednizolon grubu (22 hasta) ve kontrol grubu (25 hasta) olmak üzere iki gruba ayrıldı. Metilprednizolon grubundaki kişiler ilk gün 2 mg/
kg intravenöz yükleme dozunu takiben, 2-15. günlerde 6 saatte bir 0,5 mg/kg ve 16-22 günlerinde her 6 saatte 0,25 mg/kg'lık metilprednizolon 
infüzyonu aldılar.

Bulgular: Kontrol grubu ile karşılaştırıldığında, metilprednizolon grubunda MV'den ayrılma oranı anlamlı olarak daha yüksek (p=0,005), MV süresi 
daha kısa (p=0,021) ve mortalite oranı daha düşük idi (p=0,013). Kaplan Meier analizinde, metilprednizolon grubundaki sağkalım olasılıkları kont-
rol grubuna göre anlamlı derecede daha yüksekti (p=0,022). Ek olarak, metilprednizolon grubunda akciğer hasarı skoru, çoklu organ disfonksiyon 
sendromu skoru ve C-reaktif protein değerleri daha düşüktü. Ancak, her iki grup arasında ARDS’nin geliştiği gün, ARDS süresi ve hastanede kalış 
süresi bakımından farklılık yoktu.

Sonuç: Çalışmamız ARDS tanısı alan hastalarda, erken metilprednizolon tedavisinin pulmoner ve ekstra pulmoner organ fonksiyonlarında anlamlı 
düzelme sağladığını, MV'den ayrılma olasılığını arttırdığını ve mortaliteyi azalttığını göstermiştir.
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INTRODUCTION

Acute respiratory distress syndrome (ARDS) is an acute respira-
tory failure syndrome that is unresponsive to oxygen therapy; 
it is characterized by diffuse infiltration in both lungs. ARDS is 
frequently encountered in intensive care units (ICUs) and has no 
specific treatment. It requires ventilatory support and has a high 
mortality rate (1-4). Alveolar and/or vascular epithelial injury has 
been blamed for the pathogenesis of ARDS. There is acute and 
intense inflammation. Despite numerous research studies relat-
ed to ARDS pathogenesis and treatment (2-4), there are limited 
treatment options with proven efficacy (5). To control systemic 
inflammation, researchers have focused on various mechanical 
ventilation (MV) strategies and therapies.

Corticosteroids are potent anti-inflammatory and immunomodu-
latory drugs that show inhibitory effects at various stages of the 
inflammatory cascade. Therefore, they are regarded as a sensible 
option in the treatment of ARDS (6). While some studies have 
shown that steroids reduce cellular and biochemical markers of 
inflammation and tissue injury, thus improving pulmonary func-
tions and survival in ARDS (7, 8), others have pointed out that cor-
ticosteroids have no role in the treatment of early or late ARDS 
(9, 10). However, in recent years, treatment dosage and duration 
have been identified as important factors to determine the effi-
cacy of corticosteroids in ARDS treatment. It has been shown that 
short-term, high-dose steroid therapy is not useful (11, 12). On 
the contrary, low-dose (1–2 mg/kg/day) and longer term steroid 
therapy in ARDS has been shown to reduce systemic side effects 
and improve outcomes including mortality rates (8). 

The aim of our present study was to investigate the effects of 
methylprednisolone treatment on pulmonary/extrapulmonary 
function and survival in early ARDS. We also determined the 
effect of methylprednisolone on the duration of ventilator-free 
days and length of stay. 

METHODS

This comparative clinical trial complies with the Declaration 
of Helsinki and was approved by the Ethics Committee of the 
Medeniyet University, Göztepe Training and Research Hospital 
(date: 24.01.2013, number: 30/D). Forty-seven patients aged be-
tween 18 and 80 years who were diagnosed with ARDS based on 
the 1994 “The American–European Consensus Conference Com-
mittee” criteria and who were followed up in our ICU between 
January 2008 and December 2012 were enrolled in the study. In 
all patients with ARDS, conventional MV was employed based 
on the PaO2/FiO2 ratio. As conventional treatment, positive end-
expiratory pressure (PEEP) titration, prone positioning, inverse 
ratio ventilation, recruitment maneuvers, and high-frequency 
ventilation were performed. Because this study was a retrospec-
tive study, there was not informed patient consent.

In our clinic, low-dose (1–2 mg/kg/day) and long-term intrave-
nous methylprednisolone therapy was initiated in patients with 
ARDS as routine therapy after 2010 because it has been shown 
to reduce systemic side effects and improve outcomes includ-
ing mortality rates (7, 8). Thus, the patients were divided into 
two groups according to whether patients received this therapy. 
Twenty-five patients who received only the conventional treat-
ment were included in the control group (patients before 2010), 

whereas 22 patients who received the methylprednisolone treat-
ment protocol in addition to the conventional treatment were 
included in the methylprednisolone group (patients after 2010). 
The methylprednisolone treatment protocol was a 2-mg/kg intra-
venous loading dose (in 30 min) on the first day, followed by an 
infusion of 0.5 mg/kg every 6 h from day 2 to day 15 and 0.25 mg/
kg every 6 h from day 16 to day 22. 

Demographic data, ARDS etiology (primary/secondary), day of 
ARDS development on admission to the ICU, number of days with 
ARDS, duration of MV, length of stay in the ICU, and outcome (sur-
vival/death) were recorded for all patients included in the study. 
The static lung compliance and degree of infiltration present on 
a chest radiograph were determined by the lung injury score (LIS), 
which uses a 4-point score based on the PEEP level and PaO2/
FiO2 ratio (13). After the diagnosis of ARDS, the LIS, multiple organ 
dysfunction syndrome (MODS) score, and serum CRP levels were 
recorded in each patient for 22 days. The LIS was used to evalu-
ate pulmonary function, and the MODS score and CRP levels were 
used to evaluate systemic function and inflammation.

Statistical Analysis
Statistical analyses were performed with Statistical Package for 
the Social Sciences for Windows version 22.0 (SPSS Inc.; Chicago, 
IL, USA). Continuous variables were expressed as mean±standard 
deviation, and categorical variables were expressed as percent-
age. Normality assessment of continuous variables was per-
formed with the Kolmogorov–Smirnov and Shapiro–Wilk tests. 
To compare continuous variables, Student’s t-test was used for 
parametric variables and the Mann–Whitney U test was used 
for non-parametric variables. The Friedman test was used for 
the comparison of repeated measures that did not show normal 
distribution. Categorical variables were compared with the chi-
square and Fisher’s exact tests. The Kaplan–Meier survival test 
was used to determine the effect of methylprednisolone on sur-
vival. p<0.05 was accepted as the level of statistical significance.

RESULTS

Twenty-five patients received only conventional treatment (con-
trol group), whereas 22 patients received the methylpredniso-
lone treatment protocol in the present study. When the meth-
ylprednisolone group was compared with the control group, 
demographic data, ARDS etiology, and length of stay in the ICU 
were not significantly different. Additionally, the day of ARDS de-
velopment (6.8±7.8 vs. 6.1±5.6, p=0.925) and duration of ARDS 
(10.2±5.1 vs. 12.3±5.3, p=0.355) were similar in the methylpred-
nisolone and control groups. However, the methylprednisolone 
group had a significantly higher weaning rate (54.5% vs. 16%, 
p=0.005) and shorter MV duration (10.8±7 vs. 18±3.4, p=0.021) 
(Table 1). 

Patients were compared in terms of their LIS scores after the di-
agnosis of ARDS. While the initial LIS scores in the methylpred-
nisolone group were significantly higher (p<0.05), the methyl-
prednisolone group had significantly lower LIS scores on days 13, 
16, 19, and 21 of follow-up than the control group (p<0.05, for all). 
Additionally, when the LIS scores in both groups were compared 
with the initial scores, the control group did not show statistical 
difference through the course of follow-up while the methylpred-
nisolone group showed a significant decrease in the LIS scores 
starting from day 4 (p<0.05) (Figure 1a). 
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Upon the diagnosis of ARDS, the MODS scores on days 4, 6, 8, 
and 10 in the methylprednisolone group were significantly low-
er than those in the control group (p<0.05, for all), whereas the 
scores were similar in both groups at other times post follow-up 
(p>0.05). When compared with the initial values, the changes in 
the MODS scores did not show any statistical difference in either 
group (Figure 1b). When compared in terms of CRP levels, levels 
on days 4, 6, 8, 10, and 16 in the methylprednisolone group were 
significantly lower than those in the control group (p<0.05, for all) 
(Figure 1c).

The effect of methylprednisolone treatment on the probability of 
weaning from MV was analyzed with the Kaplan–Meier test. The 
probabilities of weaning from MV on days 15 (79.3% vs. 49.4%) 
and 20 (72.1% vs. 22.4%) in the methylprednisolone group were 
significantly higher than those in the control group (p=0.045) 
(Table 2)

The in-hospital mortality rate of the study group was 68.1%. It 
was significantly lower in the methylprednisolone group than in 
the control group (50% vs. 84%, p=0.013) (Figure 2). When the 
effect of methylprednisolone treatment on survival was analyzed 
with the Kaplan–Meier test, day 15 (78.5% vs. 55.3%) and 20 
(62.4% vs. 29.8%) survival probabilities in the methylprednisolone 
group were significantly higher than those in the control group 
(p=0.022) (Table 3).

DISCUSSION

The main finding of our study was that the in-hospital mortality 
rate was significantly lower in patients with ARDS who received 
methylprednisolone treatment compared with the control group. 
In addition, the weaning rate from MV was higher, duration of 
MV was shorter, and the LISs, MODS scores, and CRP levels were 
lower in the methylprednisolone group than in the control group.

Many studies have examined the effectiveness of corticosteroids 
on both preventing and treating ARDS after disease development 
(14-16). Some studies have shown that short-term, high-dose ste-
roid treatment does not have beneficial effects (11, 12). A study 
conducted by Steinberg et al. (17) regarding the efficacy and reli-
ability of corticosteroids in ARDS revealed that methylpredniso-
lone administration in patients with ARDS for at least 7 days does 
not have a favorable effect on the mortality rate. On the contrary, 
methylprednisolone is associated with significantly increased 
60- and 180-day mortality rates among patients enrolled at least 
14 days after the onset of ARDS. Khilnani and Hadda (18) found 
that the administration of corticosteroid for preventive purpose 
in critically ill patients increased the rate of mortality and risk of 
ARDS development; nevertheless, they suggested that the ad-
ministration of corticosteroids at the very early phase of ARDS 
has beneficial effects (18, 19). These data suggest that the ad-
ministration of methylprednisolone in high-risk patients has no 
beneficial effect on the prevention of ARDS development, but 
rather increases ARDS development risk and mortality rate. Ad-
ditionally, the initiation of steroid treatment long after the devel-

  Control  Methylprednisolone 
   (n=25)  (n=22) p

Age (years) 52.8±18.8 44.8±17.2 0.136

Weight (kg) 71.8±6.75 75.1±10.8 0.211

Gender M/F 17/8 19/3 0.138

Etiology

   Pulmonary (%) 12 (48) 14 (63.6)

   Extrapulmonary (%) 13 (52) 8 (36.4) 0.282

ICU length of stay (day) 19.7±10.7 18.8±10.7 0.435

Day of ARDS  
development 6.1±5.6 6.8±7.8 0.925

ARDS duration (day) 12.3±5.3 10.2±5.1 0.355

MV weaning ratio 4 (16%) 12 (54.5%) 0.005

MV duration (day)  18±3.4 10.8±7 0.021

M: male; F: female; ICU: intensive care unit; ARDS: acute respiratory distress 

syndrome; MV: mechanical ventilation

Table 1. Demographic data, ICU length of stay, and ratios 
of weaning from MV in the control and methylprednisolone 
groups

Figure 1. a-c. LIS scores of the patients (a). MODS scores of the 
patients (b). CRP levels of the patients (c). *p<0.05 versus control 
group, #p<0.05 versus the initial LIS score in the methylprednisolone 
group

a

b

c
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opment of ARDS might have some detrimental effects. Based on 
these clinical data, the preventive use of corticosteroids before 
the development of ARDS and administration of methylpredniso-
lone during late ARDS are not currently recommended. 

One important factor for methylprednisolone efficacy in ARDS 
treatment is dose and duration. Animal studies have shown that 
prolonged corticosteroid treatment is effective in acute lung 
injury by reducing edema and collagen accumulation and that 
the early withdrawal of corticosteroids reduces these favorable 
effects (20, 21). In previous studies, high-dose corticosteroid 

treatment was administered within a maximum timeframe of 48 h 
(short-term, high-dose steroid treatment), which, to a certain de-
gree, might explain why corticosteroid treatment was ineffective 
in those studies (22, 23). On the contrary, some other studies have 
shown beneficial effects of low-dose corticosteroid treatment in 
critically ill patients, such in those having septic shock (24). For 
this reason, we examined the effectiveness of low-dose, long-
term methylprednisolone treatment that was initiated on the day 
of ARDS development.

There was no significant difference between the control group 
and methylprednisolone group regarding basal demographic 
data, the day of ARDS development, or the duration of ARDS 
in our study. However, we found that the methylprednisolone 
group had a statistically significant higher rate of weaning from 
MV, shorter duration of MV, and lower rate of in-hospital mor-
tality. The first randomized clinical study to investigate the effi-
cacy of low-dose and long-term methylprednisolone treatment 
in ARDS was performed by Meduri et al. (8). Similar to our study, 
they showed that the duration of MV and length of stay in the ICU 
were shorter and that the rate of mortality was lower in patients 
receiving methylprednisolone. When all these findings are evalu-
ated together, it can be concluded that low-dose and long-term 
steroid treatment initiated in the early period after the develop-
ment of ARDS improves in-hospital outcomes including mortality 
rates.

In our study, we used the LIS to evaluate pulmonary function 
and the MODS score and CRP levels to evaluate systemic func-
tion and inflammation. LISs significantly decreased 13 days after 
methylprednisolone treatment, while MODS scores and CRP lev-
els significantly decreased 4 days after treatment. Additionally, in 
the methylprednisolone group, LISs after day 4 were significantly 
lower than initial LISs and the number of ventilator-free days was 
higher. These results suggest that methylprednisolone treatment 
provides significant improvement in pulmonary and extrapulmo-
nary organ function. Similar to our study, Meduri et al. (8) report-
ed that LISs, MODS scores, and CRP levels are significantly lower 
on day 7 of corticosteroid treatment in early ARDS and that the 
number of ventilator-free days is higher. The most important dif-
ference between that study and ours is that we found that LISs, 
MODS scores, and CRP levels were low even at the long-term 
follow-up.

Early ARDS is characterized by a potent proinflammatory re-
sponse; therefore, anti-inflammatory drugs are expected to be 
beneficial at this stage (19). Corticosteroids have potent anti-
inflammatory effects, showing inhibitory effects at various steps 
in the inflammation cascade (6). For this reason, low-dose and 
long-term methylprednisolone treatment initiated in the early 
period of ARDS results in favorable changes in pulmonary and 
extrapulmonary tissues via the inhibition of systemic inflamma-
tion. These favorable changes induced with corticosteroid treat-
ment allow for reduced rates of mortality and increased number 
of ventilator-free days in these patients. In our study, methylpred-
nisolone treatment increased the probability of the survival rate 
and weaning from MV. Our results were consistent with previous 
findings, and to the best of our knowledge, we are the first to 
show the positive effect of methylprednisolone treatment in a 
Turkish population. For this reason, physicians should keep in 
mind that low-dose and long-term corticosteroid treatment initi-

Figure 2. In-hospital mortality rates in the control and 
methylprednisolone groups

 Control Methylprednisolone 
  (n=25)  (n=22)

Day 5 0.920±0.054 0.938±0.061

Day 10 0.880±0.065 0.865±0.089

Day 15 0.494±0.104 0.793±0.107

Day 20 0.224±0.088 0.721±0.119

Median±SE 40.22±7.13 23.80±3.39

95% CI 26.23–54.20 17.15–30.44

                                        Log rank: 4.02       p=0.045

Table 2. Effect of methylprednisolone use on the duration 
of MV

 Control Methylprednisolone 
  (n=25)  (n=22)

Day 5 0.920±0.054 0.950±0.049

Day 10 0.880±0.065 0.950±0.049

Day 15 0.553±0.101 0.785±0.096

Day 20 0.298±0.193 0.624±0.128

Median±SE 18.52±1.86 28.05±3.74

95% CI 14.89–22.26 20.73–35.37

                                           Log rank: 5.23        p=0.022

Table 3. Effect of methylprednisolone use on survival
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ated in the early period of ARDS in the ICU might have important 
contributions to the prognosis.

One major limitation of our study is the inadequate number of 
patients in both study groups. Another limitation is the lack of 
long-term follow-up. Large-scale prospective, randomized clini-
cal trials with long-term follow-up are necessary. 

CONCLUSION

Acute respiratory distress syndrome is a condition in which in-
tense inflammatory processes are triggered. Low-dose, long-
term corticosteroid treatment initiated at the early period of the 
disease results in profound improvement in pulmonary and ex-
trapulmonary tissues via the inhibition of systemic inflammation, 
increases the probability of weaning from MV, and significantly 
reduces the rate of mortality.
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