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Acute respiratory distress syndrome (ARDS) accounts for a quarter of mechanically ventilated patients, while
during the pandemic, it overwhelmed the capacity of intensive care units (ICUs). Lung protective ventilation (low
tidal volume, positive-end expiratory pressure titrated to lung mechanics and oxygenation, permissive hypercapnia)
is a non-pharmacological approach that is the gold standard of management. Among the pharmacological
treatments, the use of neuromuscular blocking agents (NMBAs), although extensively studied, has not yet been

well clarified.

neuromuscular blocking agents muscular relaxants ARDS survival lung injury

| 1. Introduction

The acute respiratory distress syndrome (ARDS) was first described in 1967 as a condition of respiratory failure
that resembles the respiratory distress syndrome in infants (. The syndrome may originate from pulmonary
(pneumonia, aspiration and chemical inhalational insults) or extra-pulmonary (trauma, burns, sepsis and
pancreatitis) causes and it is acute in onset (within five days of the illness onset/insult). The inflammatory process
results in increased vascular permeability (thus, a non-cardiac origin), leading to alveolar infiltration, increased lung
weight and the loss of aerated lung tissue. Bilateral pulmonary infiltrates result in hypoxemia and decreased lung
compliance .

Annually, ARDS accounts for 10% of intensive care unit (ICU) admissions and 24% of patients receiving
mechanical ventilation &l Attributable mortality remains high, ranging from 35% to 46% and is associated with a
degree of lung impairment 28, Survivors may have significant impairments in their quality of life both regarding
physical and neurocognitive functions, derangements that may persist for as long as 5 years after recovery from
ARDS M. During the last three years, the novel coronavirus disease (COVID-19) has severely burdened healthcare
system capacities in many parts of the world. A high proportion of patients require hospitalization, and a small
subset will develop severe respiratory failure. Due to its pandemic nature (a substantial number of patients
suffering at the same period), COVID-19 ARDS patients have overwhelmed ICUs BIEIZ Moreover, a high mortality

has been reported in those patients receiving invasive mechanical ventilation (IMV), in the range of 47.9-84.4% [
el

Irrespective of the cause, a definite ARDS treatment is lacking. Its management mainly relies on supportive care,

while lung-protective mechanical ventilation strategy is one of the major prerequisites. This includes the application
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of a low tidal volume on the mechanical ventilation and monitoring of inspiratory pressures, so that the plateau
pressure does not exceed the value of 30 cm H,O and/or the driving pressure is kept below 14 cm H,0 BRI, The
application of higher positive-end expiratory pressure (PEEP), a strategy that has been adopted to minimize
atelectrauma in recent decades 11, has been highly debated in ARDS management in the COVID-19 era [22113]114]
while proning became a routine clinical practice, and more than 60% of the patients are proned early after
intubation 22!, Concerning pharmacological treatments, apart from the recently endorsed corticosteroids and IL-6
receptor antagonist, conferring a variable, clinically significant, survival benefit to COVID-19 patients [L8IL7]18]
neuromuscular blocking agents (NMBAs) are also being used in the management of ARDS 1. The rational for their
use is to harmonize the patient—-ventilator interaction, thus reducing the risk of progression to ventilator-induced
lung injury (VILI), and a more homogenous distribution of pressurization during tidal ventilation 2. The use of
paralytics varies widely in everyday clinical practice . Two large randomized clinical trials have conferred a
bidirectional change in the clinical use of NMBAs in ARDS, as they report conflicting results mainly concerning
mortality 29211 COVID-19 provided a “bolus” of ARDS patients.

| 2. Rationale for NMBA Use in ARDS

In ARDS, the adoption of a lung protective ventilator strategy may diminish the risk of ventilator-induced lung injury
and is associated with improved survival B0 The use of NMBAs may facilitate lung protective ventilation,
preventing spontaneous respiratory activity, thus limiting the risk of generation of large transpulmonary pressure
swings, when strong inspiratory efforts occur. Moreover, expiratory efforts may lead to loss of aeration in
dependent lung regions (de-recruitment), if pleural pressure is higher than the applied PEEP 22, As a
consequence, NMBAs may control tidal volumes and PEEP throughout the airways, minimizing the risk of
barotrauma, volutrauma and atelectrauma. Finally, abolishing spontaneous efforts, NMBAs harmonize the patient—
ventilator interaction. Vigorous spontaneous respiratory efforts may increase global transpulmonary pressures and
tidal volumes and cause lung overdistension 23, The deleterious effects of increased lung stress may also be
present at a local level, involving certain lung regions, especially in dependent lung zones when the Pendelluft
phenomenon occurs—the redistribution of air in lung regions from adjacent alveoli, causing local overdistension
(241 Moreover, some forms of asynchrony, such as the double triggering—delivery of a second tidal volume before
complete exhalation, may result in the delivery of higher than set tidal volumes, increasing the local lung stress in
the already-injured lung units (23, As a result, increased respiratory drive, due to the underlying disease or
triggered by increased PaCO, (permissive hypercapnia), which may aggravate lung injury, is blunted with the use
of NMBAs. It should also be mentioned that negative intrathoracic pressures may increase the intrathoracic blood
volume, increasing lung perfusion; in the already-injured lung parenchyma, the capillary endothelium is already
affected (increased permeability). Thus, additional lung damage occurs from the so-called negative pressure

pulmonary edema [28],

Studies with daily interruption of sedation showed that patients had a shorter duration of mechanical ventilation,
ICU stay and at least no negative effect on mortality 27[28] These trials did not exclusively include ARDS patients.

On the other hand, in ARDS patients, the decreasing work of breathing decreases the oxygen consumption by the
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respiratory muscles. It has been found that muscular paralysis results in the decrease in cardiac output and whole-
body oxygen consumption, thus it has been speculated that blood flow is redistributed from the respiratory muscles
to other vascular beds 22, Finally, an anti-inflammatory role of NMBAs has been proposed. In patients with
moderate and severe ARDS, the early use of muscular relaxants was associated with decreased concentrations of
pulmonary and systemic proinflammatory markers, namely IL-1f, IL-6 and IL-8 3%, Sottile et al., in a secondary
analysis of the ARMA study, demonstrated that, in patients with PaO,/FiO, < 120 mmHg receiving low tidal volume
ventilation, a reduction in markers representing endothelial and epithelial lung injury was noted for each day of
NMBA use Bl The effects could be attributed to the decrease in lung inflammation, translated in a reduction in
biotrauma, resulting from the optimization of patient—ventilator synchrony, or to a direct anti-inflammatory effect of

myorelaxants, as shown in animal studies 221,

| 3. Data on NMBA Use in ARDS

Seven RCTs have been conducted evaluating the benefits, if any, of NMBA use in ARDS patients [201[21](22][30](33][34]
331 The earliest four studies were performed in France (212280341 two subsequent studies in China 2333 and the
latest, also including the larger number of patients, was performed in USA [29 The studies have provided
conflicting results, so that they have changed the clinical practice in a bidirectional way. Especially when
considering the most influential ones (ACURASYS and ROSE study) with the highest recruitment, certain
differences have been addressed, although the design of the ROSE study was carefully selected to allow direct
comparisons to ACURASYS [20121],

In the first study in the field, Gainnier et al. randomized 56 patients with moderate and severe ARDS within 36 h of
the patients meeting the eligibility criteria. The patients assigned to the NMBAs group received cisatracurium at a
dose of 5 pg/kg/min (cumulative dose of 1324 + 197 mgq) after a bolus infusion of 50 mg. The study found that the
early use of NMBAs resulted in sustained improvements in oxygenation after 48 h of infusion, persisting during the
120 h of the study period. Hospital mortality on day 28th, 60th and ICU mortality did not differ (Table 1).

Table 1. Patient characteristics and outcomes in the seven randomized controlled trials and the COVID-19 ARDS

studies concerning NMBA use in ARDS.
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NMBA group. The authors point that, by abolishing expiratory efforts, a significant amount of derecruitment during
expiration can be achieved 22 There are two Chinese RCTs using vecuronium as the NMBA: Lyu et al.
randomized 96 patients with moderate (48 patients) and severe ARDS (48 patients). The patients with PaO,/FiO; <
100 mmHg receiving 24-48 h vecuronium presented significant improvements in oxygenation, perfusion and
multiple severity scores, while they had also lower 21-day mortality rates (20.8 vs. 50%, p = 0.04) 22l Both studies

did not report significant adverse effects with the use of aminosteroidal NMBAs.

The most robust evidence concerning the use of NMBAs in ARDS patients comes from the two largest RCTs
(ACURASYS and ROSE studies), although reporting conflicting results 2021 The ACURASYS study was a
multicenter RCT, conducted in France, which randomized 340 patients to receive a 48 h of cisatracurium infusion
or placebo, within 48 h of ARDS diagnosis 21 The primary outcome was 90-day mortality. The study team followed
the same NMBA administration protocol as the previous studies [22][30][34] Using a continuous infusion of 37.5 mg
(after a bolus of 15 mg) of cisatracurium, as it had been found adequate to sustain paralysis in the previous
studies, no peripheral nerve simulation was performed. The authors found that the hazard ratio for death at 90
days in the cisatracurium group compared to the placebo group was 0.68 (95% confidence interval (Cl), 0.48 to
0.98; p = 0.04) after adjustment for the baseline PaO2/FiO,, SAPS Il and plateau pressures. The crude 90-day
mortality was 31.6% (95% CI, 25.2 to 38.8) in the cisatracurium group and 40.7% (95% CI, 33.5 to 48.4) in the
placebo group (p = 0.08). Patients in the intervention group had also more VFD in the first 28 days (10.6 + 9.7 vs.
8.5 + 9.4, p = 0.04) and an increased hazard ratio for weaning from mechanical ventilation by day 90 (HR 1.41
95% CI 1.08 to 1.83; p = 0.01). Barotrauma was significantly more frequent in the placebo group (4 vs. 11.7%, p =
0.01).

In 2014, the National Heart, Lung and Blood Institute (NHLBI) launched the Prevention and Early Treatment of

Acute Lung Injury (PETAL) Network to conduct phase Il trials to test treatments with the potential to improve
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not differ across the patients in both study arms, while patients receiving muscular relaxants presented serious

cardiovascular adverse effects (one death from complete heart block and refractory shock) 29, There are certain

differences that may explain the contradictory results in these two RCTs. Firstly, the approach concerning the

ARDS treatment was quite different. The amount of PEEP used in ROSE trial was much higher than the one used

in the ACURASYS study (12.6 + 3.6 vs. 9.2 + 3.2 cm H,0), prone positioning was less frequently used (16% vs.

29%), while the patient enrollment in the ROSE study was too quick (actual time of enrollment was 8 h from

meeting eligibility criteria). Some patients might have improved in the next few hours only with the application of the

ventilator (i.e., PEEP application) and not be eligible for the study.
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