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Postjunctional

Receptors

Mechanism of Action Neuromuscular Blocki
ng Agent

Duration of Action

Depolarizing Succinylcholine Ultrashort-acting

Nondepolarizing Pancuronium Long-acting

Vecuronium Intermediate-acting

Rocuronium Intermediate-acting

Atracurium Intermediate-acting

Cisatracurium Intermediate-acting

Mivacurium Short-acting



• Extra junctional Receptors
• Whereas postjunctional receptors are confined to the area of the end plate of 

skeletal muscle that is opposite the prejunctional motor neurons (as a 
component of the motor end plate), extrajunctional receptors are present 
throughout skeletal muscles.

• Prolonged inactivity, sepsis, skeletal muscle denervation, burn injury, 
or trauma may be associated with a proliferation of extrajunctional
receptors.

Critically ill patient



2004 2006 2010 2013 2017 2019 COVID-19 era

Evaluate the effects of a 

48 h NMBAs infusion on 

gas exchange over a 

120 h time period in 

patients with ARDS

Pulmonary and serum concentration of 

IL-6, and IL-8 were lower in the NABA 

group improvement in PaO2/FiO2 ratio 

was observed and reinforced in the NMBA

with an improvement in oxygenation 

(higher PaO2/FiO2) in moderate and 

severe ARDS, accompanied by a 

decrease in both Pplat and total PEEP; 

the mean inspiratory and expiratory P L 

were higher in the moderate ARDS group 

receiving NMBA than in the control group; 

no change driving pressure or ΔP L 

related to NMBA administration

Mortality rate at 90 days did not

differ between groups (42.5% in 

the control group vs. 42.8% in the 

intervention group

2000: ARDS network trial 

Low tidal, plateau pressure 

Early administration of NMBAs for 48 h

decreased 90-day mortality (31.6% with

NMBAs vs. 40.7% in the placebo group)

and risk of barotrauma in patients with

moderate to severe ARDS

2000

Prone 

position
NM blockade in ARDS



Crit Care Med. 2004 Jan;32(1):113-9.

Multi-center, controlled, randomized trial

56 patients with PaO2/FiO2 < 150 with PEEP ≥ 5 cmH2O 

control (n = 28) vs. NMBA (n = 28) groups

NMBAs were administered for 48 h; oxygenation (PaO2/FiO2ratio) was better in NMBA compared to control group

Evaluate the effects of a 48 h NMBAs infusion on gas exchange over a 120 h time period in patients with ARDS



Crit Care Med. 2006 Nov;34(11):2749-57.

Multi-center, prospective, controlled, and randomized trial: 

patients with PaO2/FiO2 < 200 at a PEEP ≥ 5 cm H2O 

placebo (n = 18)  vs. NMBA (n = 18) groups

Concentrations of inflammatory mediators in 

pulmonary epithelial lining fluid.



At 48 h after randomization, pulmonary 

concentrations of IL-1β (p = 0.005), IL-6 

(p = 0.038), and IL-8 (p = 0.017) and 

serum concentration of IL-6 (p = 0.05) 

and IL-8 (p = 0.003) were lower in the 

NMBA group as compared with the 

control group; improvement in PaO2/FiO2 

ratio was observed and reinforced in the 

NMBA group (p < 0.001)

Concentrations of inflammatory mediators in serum Crit Care Med. 2006 Nov;34(11):2749-57.



Multicenter, prospective, double-blind controlled trial, 

patients with PF ratio < 150, total n= 340 randomized

Cisatracurium n = 177 vs. Placebo n = 162 groups 

Evaluate clinical outcomes after 48 h of therapy 

with NMBAs in patients with early, severe ARDS

Primary outcome: the 90- day mortality 

Secondary outcome: 

the 28 day mortality 

numbers of days outside the ICU 

number of days without organ or system failure

barotrauma, ICU acquired paresis, MRC score

Etc..



Early administration of NMBAs for 48 h 

decreased 90-day mortality (31.6% with 

NMBAs vs. 40.7% in the placebo group) 

and risk of barotrauma in patients with 

moderate to severe ARDS



Intensive Care Med. 2017 Mar;43(3):408-418.

Randomized controlled trial: 30 patients with moderate 

to severe ARDS; severe ARDS (n=6, treated with 

cisatracurium), moderate ARDS (n=24, 13/24 treated 

with cisatracurium; 11/24 not treated with NMBA)

Investigate whether NMBA exert beneficial effects in ARDS by reason of their action on 

respiratory mechanics, particularly transpulmonary pressures (PL)

Improved oxygenation Decreased peep Decreased plateau pr



Intensive Care Med. 2017 Mar;43(3):408-418.



Benefit of neuromuscular blocking agent in ARDS

• Improved Oxygenation and Reduced Ventilator-Induced 
Lung Injury (VILI):

• Reduced Mortality and Morbidity:

• Decreased Organ Failure and ICU Stay:

• Anti-Inflammatory Effects:

• Simplified Ventilation Management:

: 



J Crit Care. 2017 Apr:38:278-283.

• 5 tertiary care centers between July 2012 and May 2013

• Intensivist (n=54), fellow (n=51), NP/PA (n=26), pharmacist (n=20)



Controversy to the Use of NMBAs in ARDS

ESICM guideline 2023. 

ATS guideline 2024. 



Mortality ?



Multi center, prospective controlled randomized Patients 

with moderate to severe ARDS (PFio2 <150 mm Hg

with a PEEP of 8 cm or more of water)

Intervention n =501, to receive 48 hours of continuous 

neuromuscular blockade with concomitant deep sedation

Control n=505, to receive usual care without routine 

neuromuscular blockade and with lighter sedation targets

Primary outcome: the 90- day mortality 

Secondary outcome: 

In-hospital death at day 28, 

Days free of mechanical ventilation, 

Days not in the hospital at day 28

End points assessed at 3, 6, and 12 months were

survival, disability, health-related quality of life, patient-

reported health, pain interference, symptoms 

resembling those of post-traumatic stress, cognitive 

function, and return to work.







항목 ROSE 연구 (2019) ACURASYS 연구 (2010) 

연구 기간 2016년 1월 ~ 2018년 4월 2006년 3월 ~ 2008년 3월

연구 장소 미국 48개 병원 유럽 20개 중환자실

환자 수
1,006명 (대조군 501명, NMB 
505명)

340명 (대조군 177명, NMB 162명)

Blind
unblind (통계 분석 및 장기 결과 
평가자만 blind)

Double blind

환기 전략 6 mL/kg , 폐보호적 환기 6–8 mL/kg, 폐보호적 환기

PEEP 전략 ≥ 8 cmH2O의 high PEEP ≥ 5 cmH2O의 low PEEP

대조군 치료 경도 진정 깊은 진정 

ARDS 정의 베를린 정의
AECC (American-European Consensus 
Conference) 정의

ARDS 진단 후 
등록 median, hr

8 (4-16) 16 (6-29)

Deep sedation + NM blocker vs. deep sedation → mortality 이점
Deep sedation + NM blocker vs. light sedation → mortality 차이 없음. 



J Intensive Care. 2020 Jan 28:8:12.

Five randomized controlled trials (RCT) evaluating 28-day 

mortality in ARDS patients treated with NMBA within 48 h. 



Retrospective cohort study, 2015–2019 critical care 

databases at Taichung Veterans General Hospital (NHIRD)

MV Patients with using NMBA continuously for >8 hr within 

the first 72 h of ICU admission, Total n =5,709  

survivors (n=2954) vs. non-survivors (n=2755)

J Intensive Care. 2023 Nov 17;11(1):55

After adjusting for age, sex, and relevant covariates 



Heart Lung. 2023 Jan-Feb:57:186-197.
(Overall Surviva RR 0.79 [95% CI, 0.62 to 0.99; I2 = 42%;1557 patients, 6 trials])

현재 까지 연구의 결과가 사망률의 이점이 명확치 않음. 



• Ventilator free day?



N Engl J Med. 2010 Sep 16;363(12):1107-16

N Engl J Med. 2019 May 23;380(21):1997-2008

NM group 이득

차이없음

Heart Lung. 2023 Jan-Feb:57:186-197.

J Intensive Care. 2020 Jan 28:8:12.

차이없음



Thromb J. 2021 Oct 13;19:71.

현재 까지 연구를 종합할 때 기계환기 기간에 영향은 ? 

DVT risk 높음 



• Weakness and critical illness myopathy



ACURASYS 2010

ROSE 2019



Crit Care Med. 2016 Nov;44(11):2070-2078.

Association between 
neuromuscular blocking 
agents and neuromuscular 
dysfunction acquired in 
critical illness



Intensive Care Med Exp. 2020 Oct 23;8:61

ICU-acquired weakness

NM blocker 48시간 이내 사용한 4개의 
RCT 상 차이 없음. 



Anaesth Crit Care Pain Med. 2023 Jun;42(3):10120

Included 4 randomized clinical trials (RCTs) and 

21 prospective or 5 retrospective cohort 

studies that evaluated the use of NMBA and the 

development of ICU-AW in critically ill adult 

patients.



Heart Lung. 2023 Jul-Aug:60:139-145

Single center, prospective observational study, 

Patients with COVID-19 in ICU 

Primary outcome: development of ICU-AW

Non  ICU AW n=77 vs. ICU AW n=80



Intensive Care Med (2020) 46:637–653



Intensive Care Med (2020) 46:637–653



• Neuromuscular blocker 사용한다면 ? 

•→ Deep sedation 필요 !!!



Assessing pain and anxiety in patients receiving NMBAs is difficult, 
if not impossible

• paralyzed without receiving adequate sedation reported feeling terrified 
and experiencing overwhelming panic

Intensive Care Med. 2020 Dec;46(12):2342-2356.

Patients should receive an intravenous analgesic medication 

sufficient to provide acceptable pain relief, as well as a sedative 

with amnestic properties (e.g., propofol or benzodiazepine and 

NOT dexmedetomidine) to target a deep level of sedation.



Crit Care. 2024 Feb 23;28(1):58 Intensive Care Med. 2017 Oct;43(10):1441-1452



Crit Care Med. 2025 Mar 1;53(3):e711-e727.



Collected reports of atracurium, cisatracurium, rocuronium, and

vecuronium as primary suspect drugs in the FDA adverse event

reporting system, 1st quarter 2004-2023 11,518 NMBA-related AEs

were reported in the FAERS database

Front Pharmacol . 2024 Jul 24:15:1403988.





Chest. 2017 Mar;151(3):697-706.



Muscle Types and Their Responses to NMBAs

Acta Anaesthesiol Scand. 2004 Aug;48(7):903-8



• Neuromuscular blocker 사용을 안한다면? 

• 대신 할 방법이 있을까?



Neuromuscular Blockade + Deep Sedation Spontaneous Breathing + Light Sedation

Reduces self-inflicted lung injury in severe ARDS by 

eliminating vigorous inspiratory efforts and breath 

stacking

Preserves diaphragm function, reducing ventilator-

induced diaphragmatic atrophy

Improves oxygenation by preventing expiratory 

muscle activity ("anti-PEEP effect") and stabilizing 

alveolar recruitment

Shortens ICU stay and increases ventilator-free 

days in mild-moderate ARDS

Lowers inflammatory cytokines (IL-1β, IL-6, IL-8) 

compared to controls

Reduces sedation-related complications (e.g., 

hypotension, delirium)

Facilitates prone positioning, a key mortality-reducing 

intervention in severe ARDS4

Improves hemodynamics by maintaining negative 

intrathoracic pressure

Associated with survival benefit in ACURASYS 

trial (mortality HR 0.68 for PaO₂/FiO₂ <120)

No mortality difference vs. NMBA in ROSE trial for 

moderate-severe ARDS

Risks: Higher rates of cardiovascular events, ICU-

acquired weakness

Risks: May worsen lung injury via pendelluft

phenomena and excessive transpulmonary

pressures in severe ARD



Spontaneous breathing in ARDS

Risk Benefit

Worsens lung injury in severe ARDS through 

increased transpulmonary pressure swings

Prevents diaphragmatic atrophy by 

maintaining muscle activity, aiding weaning

Induces pulmonary edema via increased 

transmural vascular pressure

Improves ventilation-perfusion matching by 

recruiting dependent lung regions

Causes barotrauma (e.g., pneumomediastinum) 

from uncontrolled tidal volumes

Reduces sedation needs and preserves 

respiratory muscle function

Leads to rapid shallow breathing in early severe 

ARDS, increasing self-inflicted injury

Enhances oxygenation through better lung 

aeration, particularly in mild ARDS

Triggers patient-ventilator asynchronies (e.g., 

double triggering, reverse triggering)

Improves hemodynamics by increasing preload 

and reducing intrathoracic pressure

Elevates driving pressure due to pendelluft

effects, worsening regional lung stress

Shortens ICU stay in mild-moderate ARDS 

when combined with pressure support



Am J Respir Crit Care Med . 2020 Oct 1;202(7):950-961





Crit Care Med. 2022 Feb 1;50(2):192-203.



Curr Opin Crit Care. 2024 Feb 1;30(1):76-84.

APRV is a pressure-controlled and time-cycled mode, in which spontaneous breathing can (although does not 

have to) occur throughout the breathing cycle 



JAMA. 2020 Oct 6;324(13):136

Prone Positioning in Severe Acute 

Respiratory Distress Syndrome 

(PROSEVA)

-16.8% lower 28 day mortality (primary

outcome) and 17.4% lower 90 day 

mortality (secondary outcome) in 

intervention arm



Intensive Care Med. 2020 Nov;46(11):2048-2057.
Am J Respir Crit Care Med. 2019 Mar 1;199(5):603-612Lancet Respir Med. 2019 Feb;7(2):163-172.

Extracorporeal membrane oxygenation



Intensive Care Med. 2024 May;50(5):617-63

Optimal PEEP



Am J Respir Crit Care Med . 2017 Apr 15;195(8):1033-1042.

partial neuromuscular blockade is an interesting 
compromise between total paralysis and strenuous 
breathing efforts, particularly when respiratory effort 
does inadequately respond to titration of ventilatory
support or sedation.



Crit Care. 2024 Apr 30;28:146.



Epithelial markers (principal source)

•Receptor for advanced glycation end products (alveolar epithelial type 1 cells)

•Surfactant protein D (alveolar epithelial type 2 cells)

•Club cell 16 (airway epithelial cells)

Endothelial markers (principal source)

•von Willebrand factor (endothelium and platelets)

•Angiopoietin 2 (endothelium and platelets)

•Intercellular adhesion molecule 1 (endothelium, epithelium and macrophages)

•Syndecan (endothelial glycocalyx)

•Endocan (endothelium)

Inflammatory markers (principal source)

•IL-6 (monocytes, macrophages, neutrophils and alveolar epithelium)

•IL-8 (monocytes, macrophages, endothelium and alveolar epithelium)

•Soluble tumour necrosis factor receptor 1 (alveolar epithelial type 1 and type 2 cells and macrophages)

•IL-1β, IL-1 R antagonist (monocytes, macrophages and alveolar epithelium)

•Neutrophil extracellular traps (neutrophils)

Coagulation and fibrinolysis markers (principal source)

•Protein C (plasma)

•Plasminogen activator inhibitor 1 (endothelium and macrophages)

Apoptosis markers (principal source)

•FAS and FasL (endothelium, alveolar epithelium and inflammatory cells)

• Corticosterids. 

• Cell therapy (MSC, 

alveolar type II cells, 

mononuclear cells, and 

immune and matrix 

regulatory cells) 

• Target therapy 



Signal Transduct Target Ther. 2025 Mar 7;10(1):75.



several strategies of ARDS
• Prone positioning 
• Personalized mechanical ventilation
• ECMO
• Steroid and immunomodulatory therapy  
• Etc.



Thank you for attention !!! 
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