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Exploring pharmacological strategies in the 
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and future directions
Sultan Almuntashiri* 
Department of Clinical Pharmacy, College of Pharmacy, University of Ha’il, Ha’il, Saudi Arabia

Abstract
Acute respiratory distress syndrome (ARDS) is a severe inflammatory reaction in the lungs caused by sudden pul-
monary and systemic injuries. Clinically, this diverse syndrome is marked by sudden hypoxemic respiratory failure 
and the presence of bilateral lung infiltrates visible on a chest X-ray. ARDS management remains largely supportive, 
with a focus on optimizing mechanical ventilation strategies and addressing the underlying causes of lung injury. The 
current pharmacological approach for ARDS primarily focuses on corticosteroids, neuromuscular blocking agents, 
and beta-2 agonists, however, none has been definitively proven to be consistently effective in improving clinical 
outcomes. This review summarizes the latest evidence regarding the effectiveness and limitations of these pharma-
cological interventions, identifying key areas where further research is needed.
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 �Introduction
Acute respiratory distress syndrome (ARDS) is a severe 
inflammatory reaction in the lungs caused by sudden 
pulmonary and systemic injuries [1]. In the pulmonary 
microvasculature, severe lung inflammation leads to 
injury of the alveolar epithelial cells and the capillary 
endothelial cells [2]. Clinically, this diverse syndrome 
is marked by sudden hypoxemic respiratory failure 
and the presence of bilateral lung infiltrates visible on 
a chest X-ray. Most patients with ARDS require seda-
tion, intubation, and mechanical ventilation, along 
with pharmacologic interventions aimed at treating the 
underlying cause and managing ARDS-related compli-
cations [3].

ARDS management remains largely supportive, with 
a focus on optimizing mechanical ventilation strategies 
and addressing the underlying causes of lung injury. The 
current pharmacological approach for ARDS primar-
ily focuses on corticosteroids, neuromuscular blocking 
agents (NMBAs), and beta-2 agonists; however, none 
has been definitively shown to improve outcomes con-
sistently [4]. This review summarizes current evidence 
on the therapeutic use of these agents, comparing find-
ings across major trials, discussing their clinical impact 

and limitations, and identifying key areas where fur-
ther research is needed.

 �Search strategy and study selection

We searched PubMed, MEDLINE, and ClinicalTrials.
gov for clinical studies using the terms: “acute respira-
tory distress syndrome” OR “ARDS” combined with “cor-
ticosteroids”, “neuromuscular blocking agents”, or “beta-
2 agonists”. We included randomized controlled trials 
and cohort studies reporting key clinical outcomes 
(e.g., mortality, ventilator-free days, ICU stay, or ad-
verse events). Studies in pediatric populations or with-
out relevant pharmacologic interventions were exclud-
ed. The study selection process is illustrated in Figure 1.

 �Critical Appraisal of Key Studies

To provide a foundation for this review, Table 1 pre-
sents a critical appraisal of major studies evaluating 
pharmacologic interventions in ARDS. These studies 
were selected based on their clinical relevance, meth-
odological quality, and influence on current treatment 
practices. The table offers a structured overview, sum-
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Fig. 1. Search strategy and study selection

Table 1. Appraisal of Key Clinical Studies of Pharmacologic Agents in ARDS

Reference Drug Class Study Design & Setting Bias Risk Evidence 
Strength

Steinberg et al. [5] Corticosteroids Multicenter RCT; persistent 
ARDS 

Well-designed- blinded but late 
intervention

Moderate

Meduri et al. [6] Corticosteroids Multicenter RCT; early se-
vere ARDS

Well-designed- blinded and 
early intervention; limited 
sample size

Moderate

Meduri et al. [7] Corticosteroids Multicenter RCT; prolonged  
ARDS

Blinded, limited sample size Moderate

Villar et al. [8] Corticosteroids Multicenter, randomized, 
double-blind RCT

Strong methodological design 
with blinding

High

Tomazini et al.  [9] Corticosteroids Multicenter, randomized, 
open-label controlled trial

Lack of blinding Moderate

Papazian et al. [10] NMBAs Multicenter, randomized, 
double-blind RCT

Strong design with blinding and 
protocol standardization

High

Moss et al. [11] NMBAs Multicenter, randomized, 
open-label controlled trial

Lack of blinding; early termina-
tion for futility

Moderate

Forel et al. [12] NMBAs Multiple-center, prospective, 
controlled trial

Well-designed with blinding; 
limited by small sample size

Moderate

Gainnier et al. [13] NMBAs Multiple center, prospective, 
controlled trial

Strong blinding and randomiza-
tion; small sample size

Moderate

Perkins et al. [14] Beta-2 agonists Single-center, randomized, 
double-blind placebo-con-
trolled trial

Well-designed with blinding; 
small sample size limits gener-
alizability

Moderate

Matthay et al. [15] Beta-2 agonists Multicenter, randomized, 
double-blind placebo-con-
trolled trial

Strong design with adequate 
blinding; some heterogeneity in 
patient severity

Moderate 

Gao Smith et al. [16] Beta-2 agonists Multicenter, randomized, 
double-blind, placebo-con-
trolled trial

High-quality design with rigor-
ous blinding; stopped early for 
safety concerns

Moderate

Randomized Clinical Trial (RCT); Neuromuscular blocking agents (NMBAs); Acute respiratory distress syndrome (ARDS)
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marizing study designs, potential sources of bias, and 
the strength of supporting evidence. 

 �Pharmacological interventions for 
ards 

Corticosteroids

There has been significant interest in the use of corti-
costeroids to reduce pulmonary and systemic damage 
in ARDS patients due to their strong anti-inflammato-
ry and antifibrotic effects. Corticosteroids are recom-
mended for patients suffering from pneumonia, sepsis, 
and septic shock, as these conditions can lead to ARDS 
[17]. Administering low-dose corticosteroids may re-
duce the transcription of proinflammatory cytokines, 
helping to prevent a prolonged cytokine response and 
potentially speeding up the resolution of systemic and 
lung inflammation in the early stages of ARDS [17, 
18]. While corticosteroids are commonly used in the 
management of ARDS, key aspects such as the optimal 
agent, dosing strategy, and treatment duration remain 
uncertain. 

Corticosteroids act as agonists at either glucocor-
ticoid receptors or mineralocorticoid receptors. Glu-
cocorticoid receptors mediate the anti-inflammatory 
effects and hyperglycemia while mineralocorticoid 
receptors influence the renin-angiotensin-aldosterone 
system, resulting in sodium retention, which can lead 
to volume retention and hypernatremia [19]. Dexa-
methasone may offer the beneficial anti-inflammatory 
activates without causing mineralocorticoid stimula-
tion, which can lead to sodium and fluid retention that 
may worsen lung injury [20]. However, hydrocortisone 
has the same affinity for both glucocorticoid and min-
eralocorticoid receptors. The mineralocorticoid prop-
erties of hydrocortisone may be advantageous in cases 
of vasodilatory shock for maintaining intravascular 
volume, but they may be undesirable for patients with 
ARDS [21]. In addition, dexamethasone is suitable for 
a once-daily dosing regimen because of its long-lasting 
pharmacological effects. In coronavirus disease 2019 
(COVID-19), dexamethasone is recommended as the 
first corticosteroid to be used, while other corticos-
teroids like hydrocortisone and methylprednisolone 
are considered as alternatives at equivalent doses [22]. 
Therefore, early adjunctive treatment with intravenous 
dexamethasone, alongside standard supportive care, 
may help reduce pulmonary and systemic inflamma-

tion in patients with moderate-to-severe ARDS, poten-
tially shortening the duration of mechanical ventilation 
and reducing mortality.

Ventilator-free days (VFDs) are frequently used as 
a composite outcome measurement or the primary 
outcome in ARDS clinical trials [23]. Other outcomes 
like intensive care unit (ICU) length of stays, hospital 
length of stays and mortality are commonly measured 
as secondary outcomes [24]. In two randomized con-
trolled trials  (RCTs), moderate-to-severe ARDS pa-
tients treated with systemic dexamethasone showed 
significant improvements in the VFDs than control 
group [8,9]. For the death outcome, Villar J et al re-
ported that dexamethasone significantly reduced the 
mortality rate at 60 days [8] while other studies did 
not show similar observations [9,25,26]. Comparing to 
other corticosteroids, dexamethasone group exhibited 
a lower overall mortality rate during the 28-day fol-
low-up period when compared to methylprednisolone 
and hydrocortisone groups, but this percentage did 
not achieve a statistically significant level [25]. Other 
outcomes like ICU-free days, length of ICU stays, and 
length of hospital stays were not significantly improved 
after dexamethasone treatments [9, 25]. (Table 2)

The ratio of the partial pressure of oxygen in arterial 
blood (PaO2) to the fraction of inspired oxygen (FiO2) 
is a crucial component in evaluating patients with 
ARDS. Based on the PaO2/FiO2 results, ARDS patients 
can be categorized into three groups either mild, mod-
erate, or severe [27]. In one study, the dexamethasone 
group demonstrated a notable improvement in the 
PaO2/FiO2 ratio, suggesting its potential benefit in en-
hancing oxygenation in ARDS patients  [8]. However, 
conflicting findings were reported in another study, 
where dexamethasone administration did not result 
in any significant improvement in the PaO2/FiO2 ra-
tio [25]. Given these inconsistent results, it becomes 
crucial to explore the underlying mechanisms driving 
these differences. Further studies are needed to com-
prehensively assess the efficacy of dexamethasone in 
improving oxygenation in ARDS patients. Addition-
ally, research should aim to identify specific subgroups 
of ARDS patients who might derive the most benefit 
from dexamethasone therapy, considering factors such 
as the timing, dosage, and duration of administration.

The Sequential Organ Failure Assessment (SOFA) 
score was created to offer an easy way to evaluate and 
monitor organ dysfunction in critically ill patients. It 
is a scoring system that evaluates the functioning of 
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Table 2. Corticosteroid in ARDS

Reference Study 
design Number of patients Corticosteroid type and dose Key findings

[5] RCT 180 patients with ARDS
Methylprednisolone (n=89)
Placebo (n=91)

Methylprednisolone
2 mg/kg 
Followed by 
0.5 mg/kg q 6 h for 14 days
Followed by 
0.5 mg/kg q 12 h for 7 days, 
and then tapering the dose 
over 2 or 4 days

↑ VFDs (11.2 vs 6.8 days; P<0.001) at day 
28
↑ ICU free days (8.9 vs 6.2 days; P=0.02) 
at day 28
↑ VFDs (159 vs 149 days; P=0.04) at day 
180
 ICU free days at day 180
 60- or180-day mortality

[6] RCT 91 patients with severe early 
ARDS
Methylprednisolone (n = 63)
Placebo (n = 28)

Methylprednisolone infusion (1 
mg/kg/d) for up to 28 days

↑ VFDs (16.5 vs 8.7 days; P=0.001) at day 
28
↑ PaO2/FiO2 ratio (256 vs 179; P = 0.006) 
on day 7
↓Length of ICU stay (7 vs 14.5 days; P= 
0.007) at day 28
↓ ICU mortality (20.6 vs 42.9%; P = 0.03) 
at day 28
  Length of hospital stay at day 28

[31] RCT 216 patients with COVID-19 
induced-ARDS
Dexamethasone group (n=111)
Methylprednisolone (n=105)

IV dexamethasone 6 mg daily 
for 7 to 10 days
Methylprednisolone 250 - 500 
mg daily for 3 days followed by 
oral prednisone 50 mg daily for 
14 days

↓ Mortality (7.4 vs 36.9 %; P< 0.0001) 
at day 30 for methylprednisolone than 
dexamethasone
↑ Recovery time (3 vs 6 days; P < 0.0001) 
for methylprednisolone than dexametha-
sone 

[7] RCT 24 patients with severe ARDS 
Methylprednisolone (n=16)
Placebo (n=8)

Methylprednisolone 2 mg/kg 
per day 
→ taper over 32 days
Loading: 2 mg/kg IV once
Days 1–14: 2 mg/kg/day
Days 15–21: 1 mg/kg/day
Days 22–28: 0.5 mg/kg/day
Days 29–30: 0.25 mg/kg/day
Days 31–32: 0.125 mg/kg/day

↓ Mechanical ventilation duration (11.5 vs 
23 days; P = 0.001)
↓ ICU mortality (0 vs 62%; P=0.002)
↓ Hospital mortality (12 vs 62%; P=0.03)
↓ Lung injury score (LIS) (1.7 vs 3.0; 
P<0.001)
↑ PaO2/FiO2 ratio (262 vs 148; P<0.001)
↑ Successful extubation (7 vs 0; P=0.05)
↑ Organ failure free days (16 vs 6 days; P 
=0.005)

[32] RCT 81 Mechanically ventilated pa-
tients at high risk for ARDS
Methylprednisolone (n=39)
Placebo (n= 42)

Methylprednisolone 30 mg/kg, 
q 6 hours for 48 hours

 Oxygen requirements
 Days of intensive care
↑ Incidence of infection rate (P < 0.05)

[29] Cohort 20 postoperative ARDS patients
Placebo (n=8)
Methylprednisolone (n=12)

Loading dose 2 mg/kg followed 
by 2 mg/kg/day 
IV daily q 6 hours and then 
changed to a single oral dose 
or discontinued

↓ Mortality (8.3 vs 87.5%; P= 0.001)
↑ PaO2/FiO2 ratio on day 4 (P < 0.05)

[36] RCT 99 ARDS patients
Methylprednisolone (n=50)
Placebo (n=49)

Methylprednisolone (30 mg/kg 
q 6 hours for 24 hours) 

 Mortality at 45 days 

[30] Second-
ary 

analysis 
of RCT

745 ARDS patients 
No corticosteroids (n=506)
Corticosteroids (n=239)

IV or PO corticosteroids (e.g. 
methylprednisolone /dexa-
methasone/prednisone/hydro-
cortisone)
Doses: 20 mg methylpredniso-
lone / 3.75 mg dexamethasone/ 
25 mg prednisone/ 100 mg 
hydrocortisone daily

  Mortality 

(Continued on page 212)
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various organ systems in the body, including neuro-
logical, hematologic, hepatic, renal, and hemodynamic 
parameters, and assigns a score based on the informa-
tion gathered in each category. A higher SOFA score 
indicates a greater likelihood of mortality [28]. In two 
independent clinical trials, patients treated with dexa-
methasone showed less SOFA score in comparison to 
patients received other therapies for managing ARDS 
[8,9].

In ARDS study included 180 patients, methylpred-
nisolone significantly increased the number of VFDs 
at day 28 and at day 180 [5]. Similarly, methylpredni-
solone treatment was associated with an improvement 
in the mechanical ventilation-free days at day 28 in pa-
tients with severe early ARDS [6]. In a study included 
patients with unresolving severe ARDS by the seventh 
day, methylprednisolone also showed improvements in 
the outcome of duration of mechanical ventilation [7]. 
These studies advocate for the use of methylpredniso-
lone in the treatment of ARDS, irrespective of whether 
the disease is in its early or late stages.

In patients with severe early ARDS, methylpredni-
solone treatment was associated with an improvement 
in ICU mortality [6]. Similarly, early dose of meth-
ylprednisolone showed significant improvement in 
mortality in postoperative ARDS patients [29]. Meth-
ylprednisolone also showed significant improvements 
in mortality outcome in patients with unresolving or 
late ARDS [7]. In a secondary analysis of Statins for 
Acutely Injured Lungs from Sepsis (SAILS) trial, cor-
ticosteroids showed no significant effect on death after 
adjustment for other potential confounders using re-
gression analysis approach [30]. In a study compared 
different corticosteroids, methylprednisolone showed 
less mortality than dexamethasone at 30-day follow-up 
[31]. Regarding other clinical outcomes, methylpredni-
solone treatment was associated with an improvement 
in the length of ICU stay in a study included patients 
with severe early ARDS [6] while another study includ-
ed ventilated patients at high risk for ARDS showed 
no significant differences in days of intensive care after 
methylprednisolone treatment [32]. This discrepancy 

Reference Study 
design Number of patients Corticosteroid type and dose Key findings

[8] RCT 277 patients with moderate-to-
severe ARDS
Dexamethasone group (n=139) 
Control group (n=138)

Dexamethasone IV 20 mg 
once daily for 5 days and then 
reduced to 10 mg daily from 
day 6 to day 10

↑ VFDs (12.3 vs 7.5 days; P<0.0001) at 28 
days
↑ PaO2/FiO2 (P < 0.05) on day 6
↓ Mortality at 60 days (21% vs 36%, P = 
0.0047)
↓ SOFA score on day 3 (P < 0.05)
 Adverse events 

[9] RCT 299 patients with COVID-19–as-
sociated with moderate to severe 
ARDS 
Dexamethasone (n =151) or 
Control (n = 148)

Dexamethasone IV 20 mg once 
daily for 5 days and then re-
duced to 10 mg for additional 5 
days or until ICU discharge

↑ VFDs (6.6 vs 4 days; P = 0.04) at 28 days
↓ SOFA (6.1 vs 7.5; P = 0.004) at 7 days
 Mortality at 28 days
 ICU-free days at 28 days

[25] RCT 106 patients with mild to moder-
ate COVID-19-related ARDS
Methylprednisolone (n=36), 
Dexamethasone (n=35), Hydro-
cortisone (n=35)

Dexamethasone IV 6 mg once 
daily for 10 days
Methylprednisolone IV 16 mg 
BID for 10 days
Hydrocortisone IV 50 mg TID 
for 10 days

 VFDs
 PaO2/FiO2 ratio
 ICU stays
 Hospital stays
 28-day mortality
 Adverse events

[26] RCT 98 patients with COVID-19-relat-
ed ARDS
High dexamethasone groups 
(n=49)
Low dexamethasone groups 
(n=49)

16 mg of dexamethasone IV 
daily for 5 days followed by 8 
mg for 5 days or 
6 mg of dexamethasone IV 
daily for 10 days.

 VFD between high- and low-dose dexa-
methasone groups at 28 days 
↑ Successful extubation on high dose 
group (P < 0.05)
 Adverse events

[37] RCT 197 patients with sepsis related 
ARDS
Hydrocortisone (n = 98)
Placebo (n = 99)

Hydrocortisone IV 50 mg q 6 h 
daily for 7 days

↑ PaO2/FiO2 (319.1 vs 266.3; P = 0.001)
 Mechanical ventilation duration at day 
28 
 Mortality at 28 days

Randomized Clinical Trial (RCT); Partial pressure of oxygen in arterial blood (PaO2) to the fraction of inspiratory oxygen concentration (FiO2); Ventilator free days (VFDs); Intensive care unit (ICU); Sequential 
Organ Failure Assessment (SOFA); Multiple organ dysfunction syndrome (MODS); Lung Injury Score (LIS); ↑ = Increase; ↓= Decrease;  = No significant change

(Continued from page 211)



The Journal of Critical Care Medicine 2025;11(3) • 213Available online at: www.jccm.ro

might be due to differences between the groups, as the 
latter study included patients at high risk for ARDS.

There is a significant debate in the literature regard-
ing the timing of corticosteroid treatment for ARDS, 
whether administered early or late. In one study, ini-
tiating methylprednisolone treatment more than two 
weeks after ARDS begins raised the risk of death [5] 
while another study stated that prolonged use of meth-
ylprednisolone in patients with persistent ARDS was 
linked to improvements in lung injury and reduced 
the mortality rates [7]. Likewise, in patients with early 
severe ARDS (less than 72 hours), methylprednisolone 
treatment was associated with an improvement in the 
mechanical ventilation-free days at day 28, length of 
ICU stay, and ICU mortality [6]. Administering low-
dose methylprednisolone in the early stages of ARDS 
showed also significant effects on reducing mortality 
[29]. In experimental acute lung injury (ALI) model, 
early methylprednisolone treatment preserved both in 
vivo and in vitro respiratory mechanics in mild lung 
injury, and in severe ALI, it minimized alterations in 
tissue impedance and the extracellular matrix [33]. 
Prolonged glucocorticoid administration in experi-
mental studies showed positive effective in reducing 
lung collagen and edema formation, while stopping the 
drug quickly reversed these beneficial effects [34,35]. 
These studies offered mechanistic insights into the ad-
vantages of early and extended administration of glu-
cocorticoids.

 �Neuromuscular blocking agents

Neuromuscular blocking agents (NMBAs) induce skel-
etal muscle paralysis by blocking nerve signal trans-
mission at the neuromuscular junction, making them 
useful in the ICU for facilitating endotracheal intu-
bation in patients with reduced lung compliance like 
ARDS [38]. The most common reason for using neu-
romuscular blockade in ARDS patients is the difficulty 
in mechanically ventilating the patient due to unusu-
ally high airway pressures, abnormal ventilation rates, 
or improper cycling times. Therefore, NMBAs could 
be helpful in lung-protective ventilation by reducing 
patient–ventilator asynchrony, decreasing the work of 
breathing, and limiting alveolar fluid buildup, all of 
which could be beneficial for ARDS patients [38-40]. 
They are also believed to have anti-inflammatory ef-
fects, reducing downstream cytokine release by induc-
ing paralysis and preventing lung and systemic organ 

damage associated with ARDS and mechanical ventila-
tion [41].

Neuromuscular blocking agents are classified into 
two primary groups: depolarizing and nondepolariz-
ing. Succinylcholine, a depolarizing NMBA, is com-
monly used in procedural settings like rapid sequence 
intubation due to its pharmacokinetic properties. Non-
depolarizing agents are categorized into two groups 
based on their chemical composition: steroidal (e.g., 
rocuronium, vecuronium, pancuronium) and ben-
zylisoquinoline (e.g., mivacurium, atracurium, cisatra-
curium). These agents act as competitive antagonists to 
acetylcholine (ACh) by binding to nicotinic receptors 
on the postsynaptic membrane, leading to muscle pa-
ralysis [38].

In ARDS, cisatracurium is the preferred neuromus-
cular blocking agent due to its favorable safety profile. 
It is less likely to cause myopathy, does not induce his-
tamine release, has a short half-life, and is eliminated 
through organ-independent pathways, avoiding reli-
ance on liver or kidney function [42]. While other 
agents, such as atracurium and vecuronium, have also 
been evaluated in ARDS, their use has been investigat-
ed in far fewer clinical studies compared to cisatracu-
rium. 

The ARDS et Curarisation Systematique (ACURA-
SYS) trial was a multicenter, double-blind trial includ-
ed 340 patients with moderate to severe ARDS (PaO2/
FiO2 < 150 mm Hg) within 48 hours of ICU admission 
and the subjects were randomized to receive either 48 
hours of cisatracurium or placebo. This study showed 
lower mortality risk, more VFDs and more ICU free 
days without notable adverse events in patients re-
ceived cisatracurium than a usual care with a strategy 
of deep sedation and without routine neuromuscular 
blockade [10]. (Table 3)

The Re-evaluation of Systemic Early Neuro-muscu-
lar Blockade (ROSE) trial focused on evaluating the ef-
fectiveness and safety of initiating NMBA early versus 
standard care using light sedation approaches among 
moderate to severe ARDS patients. The patients were 
assigned to either 48-hour continuous infusion of cisa-
tracurium with deep sedation approach or usual care 
with lighter sedation strategy [11]. In patients with 
moderate-to-severe ARDS, the ROSE trial found no 
significant difference in 90-day mortality between those 
receiving early, continuous cisatracurium infusion and 
those managed with standard care and lighter sedation 
targets. The trial was terminated early due to futility. In 
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Table 3. Neuromuscular blocking agents in ARDS

Refer-
ence

Study 
design Number of patients NMBAs type and dose Key findings

[10] RCT 339 patients with moder-
ate to severe ARDS
Cisatracurium (n=177)
Placebo (n=162) 

15 mg of cisatracurium 
followed by a continuous 
infusion of 37.5 mg/hour 
for 48 hours

↓ Hazard ratio of mortality. HR= 0.68 (95% CI, 0.48 to 
0.98; P = 0.04) 
↓ Mortality (23.7 vs 33.3 %; P=0.05) at 28-day
↓ Mortality (30.8% vs 44.6%, P=0.04) in patients with 
baseline PaO2/FiO2 <120 mm Hg
 Mortality at 90-day
↑ VFDs (10.6 vs 8.5 days; P=0.04) at 28 days
↑ VFDs (53.1 vs 44.6 days; P=0.03) at 90 days
↑ ICU free days (47.7 vs 39.5; P=0.03) at 90 days
 ICU free days at 28 days

[11] RCT 1006 patients with 
moderate-severe ARDS 
Cisatracurium group 
(n=501)
Control group (n=505) 

15 mg of cisatracurium 
followed by a continuous 
infusion of 37.5 mg/hour 
for 48 hours

 90 days mortality 
 Hospital death at 28 days
 VFDs at 28 days
 ICU free days at 28 days
 Hospital free days at 28 days
↑ Cardiovascular adverse events (14 vs 4 events; 
P=0.02)

[12] RCT 36 patients with moder-
ate-severe ARDS

Cisatracurium (n = 18) 
Placebo (n = 18)

A bolus dose of cisatra-
curium 0.2 mg/kg was 
followed by a continuous 
infusion at an initial rate of 
5 μg/kg/min for 48 hr

 Mechanical ventilation duration 
 VFDs at 28 days 
 ICU mortality 
↑ PaO2/FiO2 ratio (P < 0 .001)

[13] RCT 56 patients with moder-
ate-severe ARDS
Cisatracurium (n=28)
Placebo (n=28)

50 mg bolus of cisatra-
curium followed by a 
continuous infusion at an 
initial rate of 5 μg/kg/min 
for 48 hr

↑ PaO2/FiO2 ratios (P < 0.05)
 ICU mortality 
 VFDs at day 28
 VFDs at day 60

[47] Retro-
spective 
cohort 
study

172 patients with moder-
ate-severe ARDS
Control (n = 86)
Cisatracurium (n = 86)

NA ↓ Length of ICU stay (9.37 vs 14.67 days; P <0.01)
↓ Duration of ventilation (6.40 vs 12.38 days; P <0.01)
 Length of hospital stay 
 Mortality outcomes at 28-day, 90-day, or 1-year

[44] Retro-
spective 
cohort 
study

58 patients with moder-
ate-severe ARDS
Cisatracurium (n=29)
Vecuronium (n=29)

The treatment duration 
was around three days 
(74.2 vs 69.6 hr) in cisatra-
curium and vecuronium, 
respectively
The average daily dose 
123.7 vs 63 mg/day in cisa-
tracurium and vecuroni-
um, respectively
The hourly infusion rate 
7.9 vs 4.4 mg/hr in cisatra-
curium and vecuronium, 
respectively

 Ventilator days 
 ICU mortality 
 Hospital mortality 
 Length of ICU stay 
 Hospital length of stay 
 PaO2/FiO2 ratio after 48 hours 

[43] Retro-
spective 
cohort 
study

3802 patients with ARDS 
or at risk for ARDS
Cisatracurium (n=1,901)
Vecuronium (n=1,901)

Continuous infusion of 
NMBA for at least 2 days. 
The exact dose is not avail-
able.  

 Mortality outcome
 Hospital length of stay
↓ Ventilator days (P = 0.005) in patients treated with 
cisatracurium
↓ ICU length of stay (P = 0.028) in patients treated with 
cisatracurium 

(Continued on page 214)
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addition, no significant differences between the groups 
in secondary end points at 28 days including hospital 
death, VFD, ICU free days and hospital free days. How-
ever, more cardiovascular adverse events were seen in 
patients received cisatracurium. It is speculated that 
deep sedation in patients receiving cisatracurium 
might be a potential reason for the higher percentage 
of cardiovascular adverse events [11].

The ROSE trial was designed to align with specific 
aspects of the ACURASYS study. Similarities included 
are the utilization of the same neuromuscular blocking 
agent, cisatracurium, following a similar dosing regi-
men and treatment duration. One of the most striking 
contrasts observed across the studies lies in the varied 
methodologies employed, particularly in sedation ap-
proaches, positive end-expiratory pressure (PEEP) 
strategies, and the use of prone positioning. ACURA-
SYS applied deep sedation approach in both the inter-
vention and control groups, whereas in the ROSE trial 
the deep sedation was only utilized in the intervention 
group. Higher PEEP (≥8 cm H

2
O) was applied in ROSE 

as higher PEEP itself may affect clinical outcomes 
among moderate-to-severe ARDS patients while ACU-
RASYS trial utilized a low PEEP strategy of ≥5 cm H

2
O. 

In addition, the number of patients who underwent 
prone positioning in ROSE trial was lower than in the 
ACURASYS trial. Prone positioning is believed to en-
hance oxygenation by minimizing the pleural pressure 
gradient through gravitational effects. Other key dif-
ferences included the number of patients enrolled, the 

time from ARDS diagnosis to inclusion, and the lack of 
blinding in the ROSE trial, which may have influenced 
the assessments of therapies. Altogether, these key dif-
ferences could explain the inconsistencies in the results 
of the ACURASYS and ROSE trials.

A multicenter, prospective, controlled, and rand-
omized trial involving 36 patients with ARDS (char-
acterized by a PaO2/FiO2 ratio ≤200 and a PEEP ≥5 
cm H2O) within 48 hours of onset demonstrated that 
treatment with cisatracurium significantly improved 
the PaO2/FiO2 ratio over a 120-hour study period 
[12]. Similarly, another multicenter, prospective, ran-
domized, and controlled trial, which included 56 pa-
tients with ARDS (defined by a PaO2/FiO2 ratio <150 
and a a PEEP ≥5 cm H2O), found that the cisatracu-
rium group exhibited higher PaO2/FiO2 ratios at vari-
ous time points, including 120 hours, compared to the 
placebo group [13]. However, despite these improve-
ments, neither trial demonstrated a statistically signifi-
cant difference between the groups in terms of VFDs 
at 28 days or ICU mortality, suggesting that cisatracu-
rium did not have a substantial impact on these critical 
outcomes.

Two retrospective studies using propensity-matched 
analyses investigated whether continuous infusions of 
cisatracurium were associated with better outcomes 
compared to vecuronium in patients with ARDS. Both 
studies reported no significant differences in mortal-
ity or hospital length of stay between the two groups 

Refer-
ence

Study 
design Number of patients NMBAs type and dose Key findings

[45] Retro-
spective 
cohort 
study 

76 patients with severe 
ARDS
Atracurium (n=18) 
Cisatracurium (n=58)

The treatment duration 
(2.5 vs 2.6 days) in atracu-
rium and cisatracurium, 
respectively
The treatment dose (1.9 
vs 2.5 μg/kg/min) in atra-
curium and cisatracurium, 
respectively

  PaO2/FiO2 at 72 hr 
  VFDs at day 28 
  ICU length or stay 
  Hospital length of stay 
  Hospital mortality 

[46] Retro-
spective 
cohort 
study

225 patients with ARDS
Atracurium 
(n = 75)
Cisatracurium 
(n = 150)

Atracurium 4 µg/kg/min, 
titrated by 0.5 µg/kg/min q 
15 minutes to a maximum 
dose of 20 µg/kg/min for 
at least 12 hr
Cisatracurium 1 µg/kg/min, 
titrated by 0.5 µg/kg/min q 
15 minutes to a maximum 
dose of 10 µg/kg/min for 
at least 12 hr

↑ PaO2/FiO2 ratio (68.6 vs 54.6; P= 0.011) for atracu-
rium than cisatracurium at 24 hours,
↑ PaO2/FiO2 ratio (52.3 vs 41.3; P=0.014) for atracu-
rium than cisatracurium at 72 hours
  PaO2/FiO2 ratio at 48 hours
  ICU length of stay 
  Hospital length of stay 
  Duration of mechanical ventilation 
↑ Hospital mortality (58.7 vs 36 %; P=0.001) in atracu-
rium than cisatracurium

Randomized Clinical Trial (RCT); Partial pressure of oxygen in arterial blood (PaO2) to the fraction of inspiratory oxygen concentration (FiO2); Hazard ratio (HR); Simplified Acute Physiology Score II (SAPS II); 
Ventilator free days (VFDs); Intensive care unit (ICU); Not available (NA); Neuromuscular blockade agents (NMBAs); ↑ = Increase; ↓= Decrease;   = No significant change 

(Continued from page 215)
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[43,44]. However, the first study, which included 3,802 
patients, found that cisatracurium was associated with 
fewer ventilator days and a shorter ICU length of stay 
[43]. In contrast, the second study, involving a smaller 
cohort of 58 patients, found no significant differences 
in these clinical outcomes [44]. The observed discrep-
ancies may be attributed to the substantial difference in 
sample sizes between the two studies.

Two retrospective, observational cohort studies 
evaluated the clinical outcomes of ARDS patients treat-
ed with either cisatracurium or atracurium. The first 
study was a single-center analysis involving 76 patients 
with severe ARDS (PaO2/FiO2 ≤ 150) who received 
treatment within 72 hours of diagnosis [45]. The out-
comes assessed included PaO2/FiO2 improvement at 
72 hours, VFDs, ICU length of stay, hospital length of 
stay, and hospital mortality. No significant differences 
were observed between the cisatracurium and atra-
curium groups in any of these clinical outcomes. The 
second study was a multicenter analysis that included 
225 ARDS patients (PaO2/FiO2 < 300 mmHg) to pro-
vide further investigations [46]. This study found a 
significant improvement in the PaO2/FiO2 ratio at 24 
and 72 hours for patients receiving atracurium com-
pared to cisatracurium. However, similar to the previ-
ous study, there were no significant differences in the 
duration of mechanical ventilation, ICU length of stay, 
or hospital length of stay. Notably, hospital mortal-
ity was significantly higher in the atracurium group, 
which could be attributed to unbalanced baseline char-
acteristics, including a higher proportion of moderate 
to severe ARDS, older age, and a greater prevalence of 
COVID-19 diagnoses in this group. Despite these find-
ings, both retrospective studies reported significant 
cost reductions with the use of atracurium compared 
to cisatracurium, suggesting that atracurium may be a 
safe and more cost-effective alternative for managing 
ARDS. Further studies are needed to address the limi-
tations of these retrospective analyses.

 �Beta-2 agonists
Beta-2 agonists are potential pharmacological agents 
for managing ARDS due to their modulation of key 
pulmonary cellular pathways involved in its patho-
physiology. These agents reduce neutrophil sequestra-
tion, activation, and the production of inflammatory 
cytokines [48]. Additionally, they activate β-2 receptors 
on alveolar type-1 and type-2 cells, leading to increased 

intracellular cyclic adenosine monophosphate (cAMP) 
levels [49]. This activation enhances sodium transport, 
accelerates alveolar fluid reabsorption, and helps allevi-
ate pulmonary edema in patients with ARDS [50]. 

To date, three randomized controlled trials have been 
conducted to evaluate the safety and therapeutic effi-
cacy of both aerosolized and intravenous β2-agonists 
in the management of ARDS. These studies aimed to 
determine whether these agents could enhance critical 
patient-centered outcomes, such as reducing mortality 
rates or increasing VFDs. Unfortunately, none of the 
trials demonstrated a significant independent benefit 
in these key outcomes, highlighting the need for fur-
ther research to explore alternative therapeutic strate-
gies or refine the use of β2-agonists in this clinical con-
text [14-16]. (Table 4)

The β-agonist lung injury trial (BALTI) was a sin-
gle-center, double-blind, randomized controlled study 
that evaluated the impact of intravenous albuterol in 
patients with ARDS. The trial enrolled 40 mechanically 
ventilated patients within 48 hours of ARDS onset, ran-
domly assigning them to receive either a sustained in-
fusion of albuterol or a placebo for seven days. Results 
from the trial demonstrated that albuterol significantly 
reduced extravascular lung water after seven days of 
treatment, suggesting potential physiological benefits. 
However, no statistically significant differences were 
observed between the albuterol and placebo groups in 
key clinical outcomes, including the PaO₂/FiO₂ ratio, 
VFDs, or 28-day mortality rates. Additionally, patients 
in the albuterol group experienced a higher incidence 
of cardiac arrhythmias, raising concerns about its safe-
ty profile in ARDS population [14]. 

The Albuterol to Treat Acute Lung Injury (ALTA) 
trial was a multicenter, randomized clinical study that 
investigated the efficacy of aerosolized albuterol in im-
proving outcomes for patients with ARDS. The trial en-
rolled 282 mechanically ventilated patients and aimed 
to evaluate whether administering aerosolized albuter-
ol for 10 days could enhance clinical measures such as 
VFDs and reduce mortality compared to a saline pla-
cebo. The findings revealed no statistically significant 
differences between the albuterol and placebo groups 
in terms of VFDs, 60- and 90-day mortality rates, organ 
failure–free days, or the incidence of cardiac arrhyth-
mias. Interestingly, the albuterol group demonstrated 
fewer ICU-free days compared to the placebo group, 
raising concerns about its potential impact on recovery. 
Due to the lack of observed benefit, the trial was termi-
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nated early for futility [15]. A secondary analysis of the 
ALTA trial revealed that the concomitant use of aero-
solized albuterol and vasoactive agents in patients with 
ARDS was associated with a reduction in both VFDs 
and ICU-free days. This finding suggests the possibility 
of an uncharacterized interaction stemming from the 
additive effects of β-agonism in this critically ill popu-
lation. Considering the widespread use of both agents, 
it is essential to prospectively assess the combined ad-
verse effects associated with beta-agonism [51]. 

The β-Agonist Lung Injury Trial-2 (BALTI-2) was a 
multicenter, randomized clinical trial that investigated 
the effects of intravenous albuterol in patients with 
ARDS. The study enrolled 326 mechanically ventilated 
patients within 72 hours of ARDS onset, randomly as-
signing them to receive either intravenous albuterol or 
a placebo for seven days. The primary objective was to 
evaluate whether systemic albuterol could improve key 
clinical outcomes, such as VFDs and mortality. Contra-
ry to expectations, the results revealed that systemic al-
buterol treatment significantly reduced VFDs and organ 
failure–free days. Additionally, it was associated with a 
higher 28-day mortality rate and an increased incidence 
of adverse cardiac events. Due to these concerning safe-
ty findings, the trial was terminated early [16]. 

 �Conclusion and future perspectives
ARDS remains a complex and challenging condition 
to manage due to its heterogeneous nature and mul-
tifactorial causes. This review highlights the current 
pharmacological strategies, including corticosteroids, 
NMBAs, and beta-2 agonists, while underscoring their 

limitations in efficacy and safety. The variability in drug 
types, doses, routes of administration, and treatment 
timing points to an urgent need for standardized pro-
tocols tailored to specific ARDS subpopulations. One 
of the distinctive aspects of this review is its focus on 
addressing these gaps by highlighting the specific drug 
types from each class used in ARDS management as 
well as the targeted patient populations.

Despite the widespread use of corticosteroids and 
NMBAs, significant gaps persist in determining opti-
mal drug regimens for different ARDS etiologies, such 
as sepsis-induced or COVID-19-associated ARDS. The 
observed differences in therapeutic responses—for 
instance, the preference for hydrocortisone in sepsis-
related ARDS versus dexamethasone or methylpred-
nisolone in COVID-19 ARDS—raise crucial questions 
about the possibility of etiology-specific treatment 
approaches. These unanswered questions necessitate 
further research to identify preferred agents and assess 
their efficacy across diverse patient cohorts.

The safety profile and cost-effectiveness of thera-
peutic agents also remain critical areas of exploration. 
While cisatracurium is favored among NMBAs for 
its safety profile, the cost advantages of alternatives 
like atracurium warrant additional comparative stud-
ies. Similarly, the systemic administration of beta-2 
agonists like albuterol has been associated with unfa-
vorable outcomes, highlighting the need for further 
evaluations of alternative delivery methods. In addi-
tion, investigations into pharmacological interactions, 
such as the potential adverse effects of combined beta-
agonist and vasoactive agent therapies, are essential to 
improving treatment safety.

Table 4. Beta-2 agonists in ARDS

Refer-
ence

Study 
design Number of patients Beta-agonists type and 

dose Key findings

[14] RCT 40 patients with ARDS 
Albuterol group (n=19)
Placebo group
(n=21)

IV albuterol infusions run 
at 0.075 ml/kg/h (15 μg/
kg/h) for 7 days

  PaO2/FiO2 ratio at day 7 
  VFDs 
  28-day mortality 
  Incidence of supraventricular arrhythmias 

[15] RCT 282 patients with ARDS
Albuterol group (n=152)
Placebo group (n=130)

Aerosolized albuterol (5 
mg) q 4 hours for up to 10 
days

  VFDs 
↓ ICU free days in the albuterol group (13.5 vs 16.2; 
P=0.023)
  Mortality outcome at day 60 and at day 90 
  Organ failure free days 
  Cardiac arrhythmias 

[16] RCT 326 patients with moder-
ate to severe ARDS
Albuterol group (n=162) 
Placebo group (n=164)

IV albuterol (15 μg/kg ideal 
bodyweight per hour) for 
up to 7 days 

↑ 28-day mortality (34 vs 23%; P=0.03)
↓ VFDs (8.5 vs 11.1 days; P < 0.05) 
↓ Organ failure free days (16.2 vs 18.5 days; P < 0.05) 
↑ Incidence of cardiac arrhythmia (9 vs 2%; P < 0.05)

Randomized Clinical Trial (RCT); Partial pressure of oxygen in arterial blood (PaO2) to the fraction of inspiratory oxygen concentration (FiO2); Ventilator free days (VFDs); Intensive care unit (ICU); ↑=In-
crease; ↓= Decrease;    = No significant change
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In conclusion, this review highlights recent evidence 
on the advantages and limitations of pharmacological 
treatments for ARDS, stressing the urgent need for fur-
ther research to address the current challenges.

 �Conflict of Interest 
None to declare.

 �Funding
The author declares no funding

 �Authors’ Contributions
SA - Conceptualization, Literature search, Writing – 
original draft, Writing – review & editing

 �References 
1. Meyer NJ, Gattinoni L and Calfee CS. Acute respiratory distress 

syndrome. Lancet 2021; 398: 622-637. 2021/07/05. DOI: 
10.1016/S0140-6736(21)00439-6.

2. Peng M, Yan QH, Gao Y, et al. Correlation between circulating 
endothelial cell level and acute respiratory distress syndrome 
in postoperative patients. World J Clin Cases 2021; 9: 9731-
9740. 2021/12/09. DOI: 10.12998/wjcc.v9.i32.9731.

3. Banavasi H, Nguyen P, Osman H, et al. Management of ARDS 
- What Works and What Does Not. Am J Med Sci 2021; 362: 
13-23. 2021/06/07. DOI: 10.1016/j.amjms.2020.12.019.

4. Qadir N, Sahetya S, Munshi L, et al. An Update on Management 
of Adult Patients with Acute Respiratory Distress Syndrome: An 
Official American Thoracic Society Clinical Practice Guideline. 
Am J Respir Crit Care Med 2024; 209: 24-36. 2023/11/30. DOI: 
10.1164/rccm.202311-2011ST.

5. Steinberg KP, Hudson LD, Goodman RB, et al. Efficacy and safety 
of corticosteroids for persistent acute respiratory distress 
syndrome. N Engl J Med 2006; 354: 1671-1684. 2006/04/21. 
DOI: 10.1056/NEJMoa051693.

6. Meduri GU, Golden E, Freire AX, et al. Methylprednisolone 
infusion in early severe ARDS: results of a randomized 
controlled trial. Chest 2007; 131: 954-963. 2007/04/12. DOI: 
10.1378/chest.06-2100.

7. Meduri GU, Headley AS, Golden E, et al. Effect of prolonged 
methylprednisolone therapy in unresolving acute respiratory 
distress syndrome: a randomized controlled trial. JAMA 1998; 
280: 159-165. 1998/07/21. DOI: 10.1001/jama.280.2.159.

8. Villar J, Ferrando C, Martinez D, et al. Dexamethasone treatment 
for the acute respiratory distress syndrome: a multicentre, 
randomised controlled trial. Lancet Respir Med 2020; 8: 267-
276. 2020/02/12. DOI: 10.1016/S2213-2600(19)30417-5.

9. Tomazini BM, Maia IS, Cavalcanti AB, et al. Effect of 
Dexamethasone on Days Alive and Ventilator-Free in Patients 
With Moderate or Severe Acute Respiratory Distress Syndrome 
and COVID-19: The CoDEX Randomized Clinical Trial. JAMA 2020; 
324: 1307-1316. 2020/09/03. DOI: 10.1001/jama.2020.17021.

10. Papazian L, Forel JM, Gacouin A, et al. Neuromuscular blockers 
in early acute respiratory distress syndrome. N Engl J Med 2010; 
363: 1107-1116. 2010/09/17. DOI: 10.1056/NEJMoa1005372.

11. National Heart L, Blood Institute PCTN, Moss M, et al. Early 
Neuromuscular Blockade in the Acute Respiratory Distress 
Syndrome. N Engl J Med 2019; 380: 1997-2008. 2019/05/22. 
DOI: 10.1056/NEJMoa1901686.

12. Forel JM, Roch A, Marin V, et al. Neuromuscular blocking 
agents decrease inflammatory response in patients presenting 
with acute respiratory distress syndrome. Crit Care Med 
2006; 34: 2749-2757. 2006/08/26. DOI: 10.1097/01.
CCM.0000239435.87433.0D.

13. Gainnier M, Roch A, Forel JM, et al. Effect of neuromuscular 
blocking agents on gas exchange in patients presenting 
with acute respiratory distress syndrome. Crit Care 
Med 2004; 32: 113-119. 2004/01/07. DOI: 10.1097/01.
CCM.0000104114.72614.BC.

14. Perkins GD, McAuley DF, Thickett DR, et al. The beta-agonist 
lung injury trial (BALTI): a randomized placebo-controlled 
clinical trial. Am J Respir Crit Care Med 2006; 173: 281-287. 
2005/10/29. DOI: 10.1164/rccm.200508-1302OC.

15. National Heart L, Blood Institute Acute Respiratory Distress 
Syndrome Clinical Trials N, Matthay MA, et al. Randomized, 
placebo-controlled clinical trial of an aerosolized beta(2)-
agonist for treatment of acute lung injury. Am J Respir Crit 
Care Med 2011; 184: 561-568. 2011/05/13. DOI: 10.1164/
rccm.201012-2090OC.

16. Gao Smith F, Perkins GD, Gates S, et al. Effect of intravenous 
beta-2 agonist treatment on clinical outcomes in acute 
respiratory distress syndrome (BALTI-2): a multicentre, 
randomised controlled trial. Lancet 2012; 379: 229-235. 
2011/12/15. DOI: 10.1016/S0140-6736(11)61623-1.

17. Chaudhuri D, Nei AM, Rochwerg B, et al. 2024 Focused 
Update: Guidelines on Use of Corticosteroids in Sepsis, Acute 
Respiratory Distress Syndrome, and Community-Acquired 
Pneumonia. Crit Care Med 2024; 52: e219-e233. 2024/01/19. 
DOI: 10.1097/CCM.0000000000006172.

18. Landolf KM, Lemieux SM, Rose C, et al. Corticosteroid use 
in ARDS and its application to evolving therapeutics for 
coronavirus disease 2019 (COVID-19): A systematic review. 
Pharmacotherapy 2022; 42: 71-90. 2021/10/19. DOI: 10.1002/
phar.2637.

19. Patel R, Magomedova L, Tsai R, et al. Separating the Anti-
Inflammatory and Diabetogenic Effects of Glucocorticoids 
Through LXRbeta Antagonism. Endocrinology 2017; 158: 1034-
1047. 2017/03/23. DOI: 10.1210/en.2017-00094.

20. Johnson DB, Lopez MJ and Kelley B. Dexamethasone. StatPearls. 
Treasure Island (FL) ineligible companies. Disclosure: Michael 
Lopez declares no relevant financial relationships with ineligible 



The Journal of Critical Care Medicine 2025;11(3) • 219Available online at: www.jccm.ro

companies. Disclosure: Brendan Kelley declares no relevant 
financial relationships with ineligible companies., 2024.

21. Vassiliou AG, Athanasiou N, Vassiliadi DA, et al. Glucocorticoid 
and mineralocorticoid receptor expression in critical illness: 
A narrative review. World J Crit Care Med 2021; 10: 102-111. 
2021/07/29. DOI: 10.5492/wjccm.v10.i4.102.

22. Group RC, Horby P, Lim WS, et al. Dexamethasone in 
Hospitalized Patients with Covid-19. N Engl J Med 2021; 384: 
693-704. 2020/07/18. DOI: 10.1056/NEJMoa2021436.

23. Schoenfeld DA, Bernard GR and Network A. Statistical 
evaluation of ventilator-free days as an efficacy measure 
in clinical trials of treatments for acute respiratory distress 
syndrome. Crit Care Med 2002; 30: 1772-1777. 2002/08/07. 
DOI: 10.1097/00003246-200208000-00016.

24. Sharma S. Acute respiratory distress syndrome. BMJ Clin Evid 
2010; 2010 2010/01/01.

25. Taher A, Lashkari M, Keramat F, et al. Comparison of the efficacy 
of equivalent doses of dexamethasone, methylprednisolone, 
and hydrocortisone for treatment of COVID-19-related acute 
respiratory distress syndrome: a prospective three-arm 
randomized clinical trial. Wien Med Wochenschr 2023; 173: 
140-151. 2023/01/10. DOI: 10.1007/s10354-022-00993-4.

26. Maskin LP, Bonelli I, Olarte GL, et al. High- Versus Low-Dose 
Dexamethasone for the Treatment of COVID-19-Related Acute 
Respiratory Distress Syndrome: A Multicenter, Randomized 
Open-Label Clinical Trial. J Intensive Care Med 2022; 37: 491-
499. 2021/12/14. DOI: 10.1177/08850666211066799.

27. Villar J, Perez-Mendez L, Blanco J, et al. A universal definition 
of ARDS: the PaO2/FiO2 ratio under a standard ventilatory 
setting--a prospective, multicenter validation study. Intensive 
Care Med 2013; 39: 583-592. 2013/02/02. DOI: 10.1007/
s00134-012-2803-x.

28. Moreno R, Rhodes A, Piquilloud L, et al. The Sequential Organ 
Failure Assessment (SOFA) Score: has the time come for an 
update? Crit Care 2023; 27: 15. 2023/01/14. DOI: 10.1186/
s13054-022-04290-9.

29. Lee HS, Lee JM, Kim MS, et al. Low-dose steroid therapy at 
an early phase of postoperative acute respiratory distress 
syndrome. Ann Thorac Surg 2005; 79: 405-410. 2005/02/01. 
DOI: 10.1016/j.athoracsur.2004.07.079.

30. Zhang Z, Chen L and Ni H. The effectiveness of Corticosteroids 
on mortality in patients with acute respiratory distress 
syndrome or acute lung injury: a secondary analysis. Sci Rep 
2015; 5: 17654. 2015/12/03. DOI: 10.1038/srep17654.

31. Pinzon MA, Ortiz S, Holguin H, et al. Dexamethasone vs 
methylprednisolone high dose for Covid-19 pneumonia. PLoS 
One 2021; 16: e0252057. 2021/05/26. DOI: 10.1371/journal.
pone.0252057.

32. Weigelt JA, Norcross JF, Borman KR, et al. Early steroid 
therapy for respiratory failure. Arch Surg 1985; 120: 536-540. 
1985/05/01. DOI: 10.1001/archsurg.1985.01390290018003.

33. Rocco PR, Souza AB, Faffe DS, et al. Effect of corticosteroid 
on lung parenchyma remodeling at an early phase of acute 

lung injury. Am J Respir Crit Care Med 2003; 168: 677-684. 
2003/07/05. DOI: 10.1164/rccm.200302-256OC.

34. Kehrer JP, Klein-Szanto AJ, Sorensen EM, et al. Enhanced acute 
lung damage following corticosteroid treatment. Am Rev 
Respir Dis 1984; 130: 256-261. 1984/08/01. DOI: 10.1164/
arrd.1984.130.2.256.

35. Hakkinen PJ, Schmoyer RL and Witschi HP. Potentiation of 
butylated-hydroxytoluene-induced acute lung damage by 
oxygen. Effects of prednisolone and indomethacin. Am Rev 
Respir Dis 1983; 128: 648-651. 1983/10/01. DOI: 10.1164/
arrd.1983.128.4.648.

36. Bernard GR, Luce JM, Sprung CL, et al. High-dose corticosteroids 
in patients with the adult respiratory distress syndrome. N 
Engl J Med 1987; 317: 1565-1570. 1987/12/17. DOI: 10.1056/
NEJM198712173172504.

37. Tongyoo S, Permpikul C, Mongkolpun W, et al. Hydrocortisone 
treatment in early sepsis-associated acute respiratory distress 
syndrome: results of a randomized controlled trial. Crit Care 
2016; 20: 329. 2016/10/16. DOI: 10.1186/s13054-016-1511-2.

38. Cook D and Simons DJ. Neuromuscular Blockade. StatPearls. 
Treasure Island (FL) ineligible companies. Disclosure: David 
Simons declares no relevant financial relationships with 
ineligible companies., 2024.

39. Mefford B, Donaldson JC and Bissell BD. To Block or Not: 
Updates in Neuromuscular Blockade in Acute Respiratory 
Distress Syndrome. Ann Pharmacother 2020; 54: 899-906. 
2020/03/01. DOI: 10.1177/1060028020910132.

40. Alhazzani W, Belley-Cote E, Moller MH, et al. Neuromuscular 
blockade in patients with ARDS: a rapid practice guideline. 
Intensive Care Med 2020; 46: 1977-1986. 2020/10/27. DOI: 
10.1007/s00134-020-06227-8.

41. Fanelli V, Morita Y, Cappello P, et al. Neuromuscular Blocking 
Agent Cisatracurium Attenuates Lung Injury by Inhibition 
of Nicotinic Acetylcholine Receptor-alpha1. Anesthesiology 
2016; 124: 132-140. 2015/11/06. DOI: 10.1097/
ALN.0000000000000907.

42. Sparr HJ, Beaufort TM and Fuchs-Buder T. Newer 
neuromuscular blocking agents: how do they compare with 
established agents? Drugs 2001; 61: 919-942. 2001/07/04. 
DOI: 10.2165/00003495-200161070-00003.

43. Sottile PD, Kiser TH, Burnham EL, et al. An Observational Study 
of the Efficacy of Cisatracurium Compared with Vecuronium in 
Patients with or at Risk for Acute Respiratory Distress Syndrome. 
Am J Respir Crit Care Med 2018; 197: 897-904. 2017/12/15. 
DOI: 10.1164/rccm.201706-1132OC.

44. Vallabh P, Ha M and Ahern K. Efficacy and Safety of Cisatracurium 
Compared to Vecuronium for Neuromuscular Blockade in Acute 
Respiratory Distress Syndrome. J Intensive Care Med 2023; 38: 
188-195. 2022/07/14. DOI: 10.1177/08850666221113504.

45. Moore L, Kramer CJ, Delcoix-Lopes S, et al. Comparison of 
Cisatracurium Versus Atracurium in Early ARDS. Respir Care 
2017; 62: 947-952. 2017/03/30. DOI: 10.4187/respcare.05102.



220 • The Journal of Critical Care Medicine 2025;11(3) Available online at: www.jccm.ro

46. Carabetta SM, Allen B, Cannon C, et al. Atracurium Versus 
Cisatracurium in the Treatment of Acute Respiratory Distress 
Syndrome. J Pharm Technol 2023; 39: 212-217. 2023/09/25. 
DOI: 10.1177/87551225231194031.

47. Pan X, Liu J, Zhang S, et al. Application of Neuromuscular 
Blockers in Patients with ARDS in ICU: A Retrospective Study 
Based on the MIMIC-III Database. J Clin Med 2023; 12 
2023/03/12. DOI: 10.3390/jcm12051878.

48. Groshaus HE, Manocha S, Walley KR, et al. Mechanisms of 
beta-receptor stimulation-induced improvement of acute 
lung injury and pulmonary edema. Crit Care 2004; 8: 234-242. 

2004/08/18. DOI: 10.1186/cc2875.

49. Mutlu GM and Factor P. Alveolar epithelial beta2-adrenergic 
receptors. Am J Respir Cell Mol Biol 2008; 38: 127-134. 
2007/08/22. DOI: 10.1165/rcmb.2007-0198TR.

50. Sartori C and Matthay MA. Alveolar epithelial fluid transport 
in acute lung injury: new insights. Eur Respir J 2002; 20: 1299-
1313. 2002/11/27. DOI: 10.1183/09031936.02.00401602.

51. Almuntashiri S, Chase A, Sikora A, et al. The Potential Synergistic 
Risk of Albuterol and Vasoactives in Acute Lung Injury Trials. 
Ann Pharmacother 2023; 57: 757-761. 2022/10/04. DOI: 
10.1177/10600280221128014.


