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Abstract

Neuromuscular blocking agents can be used for purposes such as eliminating ventilator-patient dyssynchrony, facilitating gas exchange by reducing 
intra-abdominal pressure and improving chest wall compliance, reducing risk of  lung barotrauma, decreasing contribution of  muscles to oxygen 
consumption by preventing shivering and limiting elevations in intracranial pressure caused by airway stimulation in patients supported with me-
chanical ventilation in intensive care units. Adult Respiratory Distress Syndrome (ARDS), status asthmaticus, increased intracranial pressure and 
therapeutic hypothermia following ventricular fibrillation–associated cardiac arrest are some of  clinical conditions that can be sustained by neuro-
muscular blockade. Appropriate indication and clinical practice have gained importance considering side effects such as ICU-acquired weakness, 
masking seizure activity and longer durations of  hospital and ICU stays. We mainly aimed to review the current literature regarding neuromuscular 
blockade in up-to-date clinical conditions such as improving oxygenation in early ARDS and preventing shivering in the therapeutic hypothermia 
along with summarising the clinical practice in adult ICU in this report.
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Introduction

This review has been prepared upon inspiration from the latest clinical guideline published in 2016 that had 
updated two reviews on the long-term use of  neuromuscular blocking (NMB) agents in adult intensive care unit 
patients published in 1995 and 2002 as well as examination of  other recent reviews and research. The main aim 
of  this review was to summarise NMB use practice in adult intensive care units as well as compiling information 
on the current use of  NMBs in intensive care units, such as preventing shivering in therapeutic hypothermia 
occurring after cardiopulmonary resuscitation and improving oxygenation during adult respiratory distress syn-
drome (ARDS) (1-3).

Neuromuscular blocking agents are non-sedative, non-amnestic and non-analgesic drugs that cause paralysis of  
skeletal muscles via the inhibition of  signal transduction in neuromuscular junction (Table 1). In intensive care, 
along with preparation for intubation, these agents can be used to eliminate patient-ventilator dyssynchrony in pa-
tients supported with mechanical ventilation, thus reducing intra-abdominal pressure, facilitating gas exchange by 
improving chest wall compliance, reducing the risk of  lung barotrauma, decreasing the contribution of  muscles to 
oxygen consumption by preventing shivering and limiting elevations in intracranial pressure (ICP) caused by airway 
stimulation in patients with mechanical ventilation (4). ARDS, status asthmaticus, increased ICP and therapeutic hy-
pothermia following ventricular fibrillation-associated cardiac arrest are some of  clinical conditions where intensive 
care physicians prefer to use NMB (5-7).
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The selection of  appropriate patients and appropriate dura-
tion is very important since these agents have high risks, such 
as intensive care unit-acquired weakness (ICU-AW), elongat-
ed mechanical ventilation duration, awareness during paraly-
sis, deep vein thrombosis, cornea abrasions and anaphylaxis, 
especially during long-term use (4). The use of  NMB in inten-
sive care units has slightly decreased due to some hesitations 
and discussions on this topic. In the 1980s, a study that inves-
tigated the practice in 34 different intensive care units showed 
that NMB was applied to 90% of  patients supported with 
mechanical ventilation, whereas in an international observa-
tional study in 2005, this ratio was detected as 13% (8, 9). The 
use of  NMB for appropriate indications, in the appropriate 
time and for an appropriate duration reduces hesitations on 
the side effects while enabling the advantage of  its important 
benefits, such as improving oxygenation.

Indications of  the NMB Agents in Intensive Care

1. ARDS
Mechanical ventilation can be considered as a type of  or-
gan replacement therapy in ARDS that can be described as 
non-cardiogenic pulmonary oedema accompanying severe 
hypoxaemia. The main objective in the treatment of  patients 
with ARDS in need of  mechanical ventilation is minimising 
ventilator-associated pulmonary injury while treating the 
main cause of  respiratory failure. In this strategy named as 
‘protective lung ventilation’, low tidal volume (VT) (6 mL kg−1 
of  predicted body weight) and low plateau pressures (28–30 
cm H2O) are used (10). In a study published in 2005 where 
nine previous randomised studies including 3562 data of  pa-

tients with ARDS were analysed, the strong correlation be-
tween compliance of  the respiratory system and functional 
lung size (VT) during disease has been considered as the start-
ing point, and a very strong statistical relationship has been 
detected between survival and ‘driving pressure’ (ΔP) that can 
be described as normalisation of  VT to functional lung size or 
that can be derived by subtraction of  positive end-expiratory 
pressure (PEEP) from plateau pressure. Changes in VT and 
PEEP were independently in correlation with survival only if  
it could cause a decrease in ΔP (11).

Adult respiratory distress syndrome has been categorised into 
three groups as mild, moderate and severe considering PaO2/
FiO2 ratio for determination of  prognosis and the most appro-
priate treatment strategy according to the latest Berlin criteria 
(Table 2) (12). Especially in moderate and severe ARDS cases, 
NMB can be necessary for application of  special treatment op-
tions, such as prone position, and putting protective ventilation 
strategies accurately into practice since these agents improve 
chest wall compliance and reduce ΔP while eliminating pa-
tient-ventilator dyssynchrony and decreasing hyperinflation. 
It eases lung recruitment. Some studies showed their reducing 
effect on inflammatory mediator release (5, 13). They can reg-
ulate oxygenation in patients with ARDS through these effects.

In the literature, there are three multicentre studies on the 
effect of  NMB use on oxygenation in ARDS (14-16). The 
early start and 48-h application of  cisatracurium infusion in 
adult patients with ARDS who receive mechanical ventila-
tion support with low VT have been shown to provide better 
oxygenation than those in controls in all three studies. In a 

Table 1. Neuromuscular blocking agents

	 	 Start of 	 End of 	 Dose (bolus)	 Dose (infusion) 
	 Class	 effect (min)	 effect (min)	 (mg kg-1)	 (mcg kg-1 min-1)	 Elimination	 Side effect
Pancuronium	 Long effect	 2-3	 60-100	 0.05-0.1	 0.8-1.7	 45%–70% renal,	 Vagal blockade,  
						      15% hepatic	 sympathetic  
							       stimulation
Vecuronium	 Moderate effect	 3-4	 20-35	 0.08-0.1	 0.8-1.7	 10%-50% renal,	 Vagal 
						      35%-50% hepatic	 blockade in 
							       high dose
Rocuronium	 Moderate effect	 1-2	 20-35 (60–80 	 0.6-1 (1-1.2 	 8-12	 33% renal,	 Vagal  
			   with high 	 for high 		  <75% hepatic	 blockade in  
			   induction dose)	 induction)			   high dose
Atracurium	 Moderate effect	 3-5	 20-35	 0.4-0.5	 5-20	 5%–10% renal, 	 Histamine release, 
						      Hoffman 	 minimal  
						       elimination	 ganglionic blockade
Cisatracurium	 Moderate effect	 2-3	 30-60	 0.1-0.2	 1-3	 5%-10% renal, 	 None 
						      Hoffman 
						      elimination
Succinylcholine	 Short effect	 <1	 5-10	 1 (higher 	 Mostly no 	 Plasma 	 Minimal histamine  
				    doses in 	 infusion 	 cholinesterase	 release, muscarinic  
				    children)	 use		  stimulation (bradycardia)
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later meta-analysis with 431 patients of  these three studies, 
48-h application of  cisatracurium infusion has been shown to 
reduce 28 day mortality, barotrauma risk and ICU-AW (17).

In a retrospective study that included 5183 patients supported 
with mechanical ventilation for >12 h, it has been stated that 
NMB infusion was performed at least 1 day in 13% of  cases, 
and more NMB infusion was applied to patients with ARDS. 
The average mechanical ventilation and intensive care unit 
durations were longer, whereas mortality was much higher in 
549 patients who used NMB (9). In this retrospectively de-
signed study, the application of  NMB in patients whose ox-
ygenation could not be managed with other methods might 
have contributed to this result.

In conclusion, continuous NMB infusion is recommended in 
patients with early ARDS with PaO2/FiO2 <150 (1).

Sedation and neuromuscular blockage algorithm in ARDS 
can be seen in Figure 1.

2. Status asthmaticus
In four retrospective studies that analysed 863 patients with 
status asthmaticus supported by mechanical ventilation, the 
use of  NMB has been associated with ICU-AW and longer 
mechanical ventilation use (18-21). This positive relationship 
can be due to frequently used corticosteroids in patients with 
status asthmaticus. Although there are no studies with controls 
in the literature, clinical experience and information obtained 
from case studies show that neuromuscular blockade can fix 
oxygenation and severe dynamic hyperinflation-associated 
haemodynamic problems in patients with status asthmaticus 
who suffer from hypoxaemia even though 100% oxygen was 
supplied (refractory hypoxaemia) (19-21). Thus, the benefits 
of  using NMB can be more than their harm in cases of  deep 
sedation that cannot be cured, life-threatening hypoxaemia 
and dynamic hyperinflation.

3. Increased ICP
Neuromuscular blocking agents can be used in elevated ICP 
cases that cannot be prevented by sedation (22). In an obser-

vatory study, NMBs were shown to cause reduce coughing 
during tracheal aspiration and related ICP and cerebral per-
fusion pressure changes in 18 neurosurgery patients with a 
Glasgow Coma Scale <7 (23). Furthermore, in accordance 
with another study including 71 patients when patients with 
severe head trauma who were supported by mechanical ven-
tilation were divided into three groups as taking only opioid, 
NMB together with opioid and taking neither, intracranial 
hypertension due to endotracheal aspiration was found to be 
significantly lower in patients taking both NMB and opioid 
than in other two groups (24). While these two studies focused 
on physiological changes rather than clinical findings, other 
two studies that investigated the clinical results of  NMB use in 
patients with intracranial hypertension obtained negative re-
sults. While in one of  these studies on 514 patients with trau-
matic brain injury with a Glasgow Coma Scale score <8, the 
risk of  pneumonia and the duration in intensive care unit stay 
were increased as the use of  neuromuscular blockade time 
increased. The other study could not define the difference in 
mortality and hospitalisation duration in patients with trau-
matic brain injury using and not using NMB. The results of  
these two retrospective studies cannot be accepted as reliable 
enough due to large patient spectrum with mild, moderate 
and severe ICP increase (25, 26).

Therapeutic hypothermia
In two studies published in 2002, for the first time, 12–24-h 
application of  mild hypothermia (32–34°C) to unconscious 
patients with cardiac arrest due to ventricular fibrillation out-
side hospital was shown to improve neurological results (27, 
28). Randomised studies and meta-analyses performed in the 
following years have also supported this evidence (7, 29-32). 
NMBs used in these studies can be neuroprotective since they 
inhibit shivering and related oxygen consumption increase 
and shorten the time to reach the target temperature. On the 
other hand, the possibility of  masking seizures in these pa-
tients can significantly affect the results. Limited information 
regarding this topic belongs to a prospective observatory study 
including 111 patients. Among these patients, 18 patients who 
received NMB at least for 24 h showed higher survival rate 
than the remaining 93 patients (33). Similar result has been 
obtained from the reanalysis of  the same study (34). Limited 

Table 2. ARDS Berlin criteria

Timing	 New or worsening respiratory symptoms within 1 week of  a known clinical insult
Chest imaging	 Bilateral opacities (not fully explained by effusion, lobar/lung collapse or nodules)
Oedema aetiology	 Respiratory failure not fully explained by cardiac failure or fluid overload (hydrostatic oedema should be  
	 rejected by objective methods, such as echocardiography) 
Oxygenation	 Mild			   Moderate				   Severe
	 200<PaO2/FiO2 ≤300 			   100<PaO2/FiO2 ≤200		  PaO2/FiO2 ≤100 
	 (with PEEP or CPAP ≥5 cm			   (with PEEP or CPAP ≥5 cm		  (PEEP or CPAP ≥5 cm 
	 H2O)			   H2O)	  			   H2O)
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patient cohort and patients not being fully randomised reduce 
the reliability of  this study.

Since hypothermia-associated variation may occur in train-
of-four response during therapeutic hypothermia application, 
peripheral nerve stimulator (PNS) monitorisation may not 
provide reliable information (35). Thus, NMB dosage should 
be evaluated according to clinical parameters, such as the loss 
of  shivering, absence of  spontaneous breathing trigger on 
ventilation and PNS monitorisation.

There is no definite protocol regarding the selection of  NMBs, 
sedatives and analgesics to be used during therapeutic hypo-
thermia. In a review containing 44 studies investigating the 
use of  sedative, analgesic and NMB during therapeutic hy-
pothermia in 68 different intensive care units, most of  which 
were from Europe, major differences have been detected be-
tween protocols. Among these intensive care centres, 54 used 

NMB routinely to prevent shivering, whereas 8 used NMB 
for treatment after the occurrence of  shivering. Pancuroni-
um and cisatracurium are the most commonly used agents, 
respectively (36).

Therapy suggestions

Analgesia/sedation
Pain is a disturbing situation that causes delay in wound heal-
ing, has immunosupressive and catabolic effects and reduces 
life quality (37, 38). Meanwhile, awareness can cause posttrau-
matic stress disorder, panic attack, anxiety and problems in 
concentration and sleep (39). Intensive care unit patients taking 
NMB should definitely use sedative and analgesics if  necessary 
simultaneously (1). Benzodiazepines and propofol are the most 
commonly used agents for sedation. It can be necessary to de-
crease doses due to cumulative effects. Barbiturates and ket-
amine are also agents that can be used for sedative purposes in 

Figure 1. Sedation and neuromuscular blockade algorithm in ARDS 
ARDS: adult respiratory distress syndrome; VT: tidal volume; PEEP: positive end-expiratory pressure; Pplat: plateau pressure
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intensive care units. Dexmedetomidine is not appropriate for 
deep sedation necessary during NMB use (40).

It can be hard to evaluate pain and awareness during NMB 
agent application. Although sympathetic activation signs, 
such as tachycardia, hypertension and tears, can be used for 
this purpose, these symptoms are not reliable enough since 
they can also be observed during haemodynamic dysfunction 
(41). In a survey study on 11 intensive care unit patients taking 
mechanical ventilation support and NMB, disruption of  reali-
ty and time perception, weird dreams, fear and sense of  death 
have been defined although sedation and analgesics were ap-
plied to all and five, respectively (42).

Monitorisation techniques developed via multiple parame-
ters obtained from electroencephalography (EEG), such as 
bispectral index (BIS), E–entropy and cerebral state index are 
used for evaluation of  the depth of  anaesthesia and sedation. 
BIS parameter, which is obtained from the evaluation of  EEG 
data out of  100 in a wide patient cohort under general anaes-
thesia, values between 40 and 60 are considered as sufficient 
depth of  anaesthesia (43). In the Cochrane review that eval-
uated studies on the effect of  BIS monitorisation on intraop-
erative awareness, this monitorisation was shown to inhibit 
awareness significantly when compared with clinical symp-
toms and anaesthesia gas concentration follow-up (44). In an-
other multicentre study including 5713 patients with general 
anaesthesia, the superiority of  BIS over end tidal anaesthetic 
gas concentration monitorisation was not detected (45).

Consistent data could also not be obtained from studies on 
BIS monitorisation of  intensive care unit patients (46, 47). In 
a study performed on three awake volunteers, a significant de-
crease was also detected in BIS levels when NMB was applied 
without sedatives or opioids (48). There are also studies show-
ing the decreasing effect on BIS scores of  NMB application in 
sedated patients (49, 50). The variability in patient responses 
makes BIS scores, which are affected by forehead muscle to-
nus, abnormal electroencephalographic activity and electrical 
and mechanical interference, unreliable especially in intensive 
care unit patients using NMB (43).

There are studies that show that pause in use of  sedation 
during daytime in intensive care unit patients to whom 
continuous sedative agents are applied causes reduction in 
mechanical ventilation and duration of  intensive care and 
hospitalisation (51, 52). When the necessity of  sedation to 
NMB using patients is considered, the same situation will 
also be true for neuromuscular blockade. These pauses can 
be used for evaluation of  the contribution of  blockade to 
therapy and patient’s awareness and analgesia sufficiency. 
In addition, there are implications as to the reduction of  
ICU-AW (1, 53).

Neuromuscular Weakness and Neuropathy (ICU-AW)
ICU-AW is a clinical situation that has conflicts on the reasons 
for occurrence and thus subjected to different classifications, 
such as critic illness polyneuropathy, critic illness myopathy or 
critic illness neuromyopathy, due to differences in electrophysio-
logical test results (54-56). Microcirculation abnormalities, pro-
tein malnutrition, systemic inflammation, NMB use and long-
term immobilisation can play role in occurrence (55, 56). It is 
uncertain among which of  immobilisation, corticosteroids and 
NMB is the main result of  weakness in intensive care patients 
and which is the factor increasing this weakness (1, 54, 57).

Neuromuscular blocking agents have been considered as a 
cause in ICU-AW for multiple cases (54, 58, 59). In most of  
the studies published on this topic, duration and doses of  si-
multaneously used corticosteroids, NMB and sedative agents 
in intensive care patients could not be standardised adequately 
(54-56). In a multicentre double-blind ACURASYS study con-
ducted by Papazian et al. (16) that included 340 patients with 
ARDS, 48-h cisatracurium infusion did not increase ICU-AW. 
In a retrospective cohort study where 10-year patient data 
were considered, acute myopathy ratios in patients with asth-
ma in need of  ventilation support were evaluated (60). While 
the average NMB infusion duration was 3.1±2.3 days, myop-
athy incidence was calculated as 30% and 10% in the NMB 
applied group and controls, respectively, and myopathy ratio 
was shown to increase gradually everyday where NMBs were 
used. These results may be indicative of  a relationship be-
tween short-term NMB infusion and low ICU-AW risk.

There are studies that show that ICU-AW occurs rarely in 
intensive care unit patients whose blood glucose level is kept 
between 80 and 110 mg dL−1 via intensive insulin treatment 
(61). Hypoglycaemia attacks can be frequently observed due 
to intense insulin therapy. Thus, although in perspectives, 
blood glucose level is suggested to be kept <180 mg dL−1 in 
intensive care patients, lower levels (100–150 mg dL−1) can be 
beneficial in specific patient groups. Literature on the ideal 
blood glucose level range of  intensive care unit patients under 
NMB treatment are insufficient (1).

Physiotherapy
Application of  physiotherapy can be of  great benefit to patients 
taking NMB infusion since long-term immobilisation has sev-
eral side effects, such as disturbed gastrointestinal mobility, ve-
nous thromboembolism and muscle weakness (62, 63).

NMB agents in intensive care emergency protocols
In a study investigating NMB use in 566 patients treated 
outside emergency services and operating rooms in case of  
urgent intubation need, neuromuscular blockade was shown 
to decrease hypoxaemia, aspiration, traumatic intubation, oe-
sophagus intubation and endobronchial intubation rates (64).
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Short start time (30–60 s) and succinylcholine (1–1.5 mg kg−1) 
enable airway control with low aspiration risk. There are stud-
ies showing that rocuronium establishes succinylcholine-like 
intubation conditions when applied 1.2 mg kg−1 (65). In a 
study on intensive care patients, 0.6 mg kg−1 rocuronium was 
shown to be no different from succinylcholine with regard to 
intubation conditions, oxygen desaturation rate and severity 
and unsuccessful intubation frequency (66). Succinylcholine 
use should be avoided in case of  muscle weakness, long-term 
immobility, massive trauma causing muscle damage, severe 
intra-abdominal infection, kidney failure, accompanying ac-
idosis, severe hypovolaemia and burns due to its extracellu-
lar potassium increasing effect (65, 67-69). While in previous 
years rocuronium use was not appropriate in patients who 
needed difficult intubation or difficult mask ventilation due 
to long-term effect, sugammadex, which has recently been in-
cluded into clinical use, overcomes this drawback (70).

Eye damage
Neuromuscular blocker use in intensive care patients increases 
the risk of  cornea damage. Incomplete closure of  the eyelids 
and disappearance of  the blinking reflex may cause dryness in 
the cornea, ulceration and infection (71). Ocular surface diseas-
es, such as conjunctivitis, keratitis and corneal erosion, are ob-
served in 20%–60% of  patients under deep sedation or NMB. 
Methods, such as petroleum-based ointment, polyacrylamide 
gels or full closure of  the eyelids, can be used to avoid corne-
al damage (72-75). In a study on patients under mechanical 
ventilation support taking NMB or propofol, closing one eye 
passively while applying artificial tear ointment was shown to 
be more effective in the inhibition of  keratitis (76).

NMB use in obese intensive care patients
When NMB dose is calculated in intensive care patients with 
a body mass index >30 kg m−2, the ideal body weight should 
be considered rather than the actual body weight (1).

Conclusion

Neuromuscular blocking agents, after considering benefits/
loss, can treat oxygenation in intensive care patients under 
mechanical ventilation support when used for appropriate du-
rations. NMB use can be considered in cases of  early ARDS 
with PaO2/FiO2 <150, status asthmaticus with refractory 
hypoxaemia that cannot be treated with deep sedation, ICP 
increases that cannot be inhibited by sedation and therapeu-
tic hypothermia applications. Side effects, such as ICU-AW, 
masking of  epileptic seizures and prolongation of  duration 
in intensive care units and hospitalisation, should be consid-
ered. Simultaneous sedation must definitely be performed, 
and pain control and analgesia must be applied if  necessary. 
Since ocular surface damage risk increases, appropriate eye 
protection should not be overlooked.
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