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Neuromuscular blocking agent (NMBA) 

Anesthesiology 2002;96:202-31



- Depolarizing NMBA → bind and activate AChRs
- Succinylcholine
- Not used as continuous infusion

- Non-depolarizing NMBA → bind and competitively antagonize AChRs
- Benzylisoquinolinium: atracurium, cisatracurium, mivacurium
- Metabolized into inactive compounds by plasma esterases
- Metabolism unrelated to renal of hepatic function

- Amino steroidal compounds: rocuronium, vecuronium, pancuronium
- Metabolized into active metabolites
- Renal or liver failure → risk of accumulation

Pharmacology of NMBA
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Pathophysiology of NMBA in ARDS

- Reduction of patient-ventilator asynchrony

- Decrease in oxygen consumption

- Increased thoraco-pulmonary compliance and functional residual capacity

- Better regional distribution of tidal volume

- Anti-inflammatory effects



Reduction of patient-ventilator asynchrony

N Engl J Med 2010;363:1176-80



Reduction of patient-ventilator asynchrony

N Engl J Med 2010;363:1176-80



Reduction of patient-ventilator asynchrony

Intensive Care Med 2016;42:1427-36

Breath stacking dyssynchrony



Reduction of patient-ventilator asynchrony

Chest 2013;143:927-38

Reverse triggering



Decrease in oxygen consumption

Chest 1996;109:1038-42

- Mainly by eliminating muscular activity and improving systemic oxygenation
- Reduce respiratory demand and cardiac output → increase in SvO2 and PaO2



Increased thoraco-pulmonary compliance

- PEEP maintenance + lower atelectasis in dependent regions of lungs
→ decrease in intra-pulmonary shunt

- Improve mechanical viscoelastic properties of chest wall

- Application of lower pulmonary pressure → more uniform distribution of lung perfusion →
improved ventilation-perfusion ratio



Anti-inflammatory effects

Crit Care Med 2006;34:2749-57

Pulmonary epithelial lining fluid Blood serum



Anti-inflammatory effects

Anesthesiology 2016;124:132-40



Patient self-inflicted lung injury (P-SILI)

Pendelluft 
phenomenon



Load-induced diaphragm injury

Am J Respir Crit Care Med 2020;202:950-61



NMBA and safety concerns

- ICU-acquired weakness

- Ventilator-associated pneumonia

- Pressure and corneal ulcers



ICU-acquired weakness

- Non-depolarizing NMBA may cause prolonged muscular weakness

- Risk is higher in pts with hepatic or renal dysfunction

- Long-term drug infusion and concomitant use of aminoglycosides or corticosteroids
→ decreased plasma clearance of NMBA

- Notable exception is cisatracurium: Hofmann elimination and different chemical structure

- More likely to occur with high dose of corticosteroids and prolonged administration of non-
depolarizing, long-acting NMBA



ICU-acquired weakness

Physicians are more likely to use short courses of short-acting NMBA 
and a low dose of corticosteroids → less likely to result in significant 
muscle weakness

Crit Care 2013;17:R43



Ventilator-associated pneumonia

Crit Care 2012;16:R65



Pressure and corneal ulcers

Intensive Care Med 2021;47:160-9



Monitoring of NMBA

Ann Intensive Care 2017;7:10

- Train of four (TOF): supramaximal electrical impulses at 2-Hz frequency applied every 0.5 s to 
ulnar nerve of non-paralyzed limb, or to facial nerve, produced four visualized muscle 
twitches



Sedation monitoring in pts receiving NMBA

- Bispectral index (BIS) monitor: noninvasive processed EEG that can identify accidental 
awareness with recall (AWR) in pts undergoing general anesthesia

- BIS values of 40-60 minimize risk of AWR in operating rooms

- Concern for discordance in pts with critical illness-associated encephalopathy

- Electromagnetic fields from other devices in ICU might affect BIS readings

- Risk of under-sedating pts needs to be evaluated



NMBA use in ALVEOLI trial

Crit Care Med 2008;36:1083-8

Continuous NMBAs were used at baseline 
in 30% and 25.4% of lower and higher 

PEEP groups, respectively, and in 45% and 
33% of pts with lower and higher PEEP 

between day 0 and day 28 



LUNG-SAFE study

JAMA 2016;315:788-800



Randomized trials of NMBA in ARDS

Significantly more 28 d VFDs and 
less barotrauma in cisatracurium 
group

VFDs at d 90 were not different, 
NMBA did not decrease 
pneumothorax, more serious CV 
events in cisatracurium group 

ACURASYS

ROSE



Comparison of ACURASYS and ROSE trials



Implications from these two trials

- Differences in PEEP and sedation strategies may alter level of VILI in both intervention and 
control arms in both trials
→ complex interplay among pt effort, sedation, NMBA, and ventilator Mx in ARDS 

- Very early use of NMBA, before optimizing MV and sedation, using high PEEP strategy may 
not modify outcomes

- NMBA integrated into overall strategy including optimal PEEP, prone positioning, and rapid 
implementation of spontaneous breathing may improve prognosis



Meta-analysis

Respir Care 2021;66:120-8



Meta-analysis

Intensive Care Med Exp 2020;8:61



NMBA in COVID-19 ARDS

Crit Care 2022;26:141



NMBA in COVID-19 ARDS

Respir Care 2022;67:216-26



NMBA in COVID-19 ARDS

Respir Care 2022;67:216-26



ARDS 공단연구

Unpublished data



ARDS 공단연구

Unpublished data

NMBA use: at least one charge for IV 
vecuronium, atracurium, rocuronium, or 

cisatracurium during hospitalization
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Unpublished data
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Conclusions



More research is needed

- Benefits observed may not apply to all NMBAs, considering that cisatracurium has been used 
in all RCTs

- Optimal duration of infusion needs to be evaluated according to pts’ profiles and/or 
responses to Tx

- Use of NMBA in pts without moderate to severe hypoxemia but with large swings in 
transpulmonary pr deserves to be further explored
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