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Residual neuromuscular block (RNMB) remains a significant safety concern for patients throughout the

perioperative period and is still widely under-recognized by perioperative healthcare professionals. Current

literature suggests an association between RNMB and an increased risk of postoperative pulmonary complications,

a prolonged length of stay in the post anesthesia care unit (PACU), and decreased patient satisfaction. The 2023

American Society of Anesthesiologists Practice Guidelines for Monitoring and Antagonism of Neuromuscular

Blockade provide guidance for the use of quantitative neuromuscular monitoring coupled with neuromuscular

reversal to recognize and reduce the incidence of RNMB. Using sugammadex for the reversal of neuromuscular

block as well as quantitative neuromuscular monitoring to quantify the degree of neuromuscular block may

significantly reduce the risk of RNMB among patients undergoing general anesthesia. Studies are forthcoming to

investigate how using neuromuscular blocking agent reversal with quantitative monitoring of the neuromuscular

block may further improve perioperative patient safety.

anesthesia  perioperative care  residual neuromuscular block  quantitative monitoring

neuromuscular blocking agent

1. Introduction

Neuromuscular block (NMB) is commonly used in perioperative care for a variety of circumstances. It can optimize

surgical conditions , facilitate tracheal intubation, and be used in the intensive care unit (ICU) to improve chest

wall compliance, reduce abdominal pressure, prevent and treat shivering, and reduce elevation in intracranial

pressure from the airway reactivity . In the emergency department (ED) and areas outside of the operating

room and procedural areas, NMB can be used for rapid sequence induction and intubation (RSII), a technique

used by healthcare professionals to minimize pulmonary aspiration . There are two common types of

neuromuscular block: depolarizing and nondepolarizing. The only commercially available depolarizing muscle

relaxant, suxamethonium chloride or succinylcholine, binds to acetylcholine receptors and causes temporary

depolarization. It produces muscle fasciculations followed by flaccid paralysis and is frequently used for urgent or

emergent intubation in and outside of the operating room (OR) . Nondepolarizing muscle relaxants are used

more frequently in the operating room and provide competitive antagonistic activity of the nicotinic receptor and

therefore block the action of acetylcholine (Figure 1) . The nondepolarizing neuromuscular blockers can be

further divided into two groups: benzylisoquinolins (or benzylisoquinoliniums) and aminosteroids. Types of drugs

within these two classifications have their own unique pharmacokinetic makeup (Figure 2).
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Figure 1. Neuromuscular junction: (A) normal; (B) activity of depolarizing neuromuscular blocking agent; (C)

activity of nondepolarizing neuromuscular blocking agent as well as the activity of both neuromuscular blockade

reversal agents (i.e., sugammadex and acetylcholinesterase inhibitors) .

Figure 2. Pharmacokinetics of nondepolarizing agents. Factors that increase the duration of these agents include

dosing, age >65 years, hepatic and renal disease, hypothermia, inhaled anesthetics, and medications including but

not limited to antibiotics, antidepressants, magnesium, and antiepileptics. The ranges provided for onset and

duration times are exclusionary of outliers .

Residual neuromuscular block (RNMB) is the unwanted presence of signs and symptoms of muscle weakness in

the perioperative period and outside of the OR after the administration of neuromuscular blocking agents and is

defined by a combination of quantitative and qualitative measures . To quantify RNMB, a train-of-four ratio

(TOFR) recorded on a quantitative neuromuscular monitor was used. The TOFR represents four supramaximal

stimuli delivered every 0.5 s (2 Hz) and the muscle response to the fourth stimulus is compared to the first stimulus

(Figure 3) . A ratio of the fourth to the first response of TOF (train of four) less than 0.90 (90%) defines the

RNMB. Although the definition of RNMB has changed over time due to clinical observations of weakness at lower

TOFRs, the TOFR < 0.9 is currently the most accurate quantitative definition of residual neuromuscular block.

A quantitative TOFR < 0.9 has been associated with various unwanted symptoms of weakness that include an

inability to breathe normally and maintain a patent airway, swallow dysfunction, lack of a strong cough, and even
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an inability to smile or talk . These undesirable outcomes may be prevented if anesthesia

professionals ensure the return of TOFR ≥ 0.9 in the perioperative space . As a result, the widely recommended

and accepted TOFR associated with higher rates of full clinical recovery from neuromuscular block is ≥0.9

measured at the adductor pollicis .

While the pharmacodynamic and pharmacokinetic profiles of NMB have improved over the past six decades, along

with the monitoring capabilities, nondepolarizing neuromuscular blocking agent (NMBA) use may still result in

residual neuromuscular block leading to a variety of deleterious outcomes . Studies have suggested that

postoperative pulmonary complications (PPCs) such as pneumonia, respiratory failure, atelectasis, and upper

airway obstruction result in increased postoperative mortality and are associated with RNMB . RNMB () has

been further associated with prolonged lengths of stay in the post anesthesia care unit (PACU) and decreased

patient satisfaction . RNMB remains a significant issue in perioperative care and is frequently unrecognized,

despite more perioperative provider acknowledgment that this phenomenon exists and the increase in literature on

this topic that is now available. The presence of poor recognition of RNMB among anesthesia professionals, the

monitoring modalities available, and the special populations that are at highest risk of RNMB will be discussed. In

addition, obstacles to the implementation of quantitative monitoring and the reversal agents that may reduce the

incidence of RNMB will be discussed.

Figure 3. Online simulation course depiction of a quantitative EMG neuromuscular monitor (Adapted with

permission from Ref.  2023, APSF).

Poor Recognition of Residual NMB

Despite the rather high reported incidence of RNMB (as high as 65%, in elective abdominal surgeries ), many

anesthesia professionals are unaware of the clinical significance of RNMB . Poor recognition of residual

neuromuscular block is a driving factor behind this phenomenon . Several international surveys have suggested

that anesthesia professionals do not routinely monitor for RNMB as well as underestimating the true incidence of

RNMB . The main reason for the survey results above may be rooted in the overconfidence of anesthesia
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professionals in their perceived knowledge of the relevance of neuromuscular monitoring to all aspects of medical

practice .

2. Prevention of RNMB

Preventing RNMB is paramount to reducing unwanted patient adverse events in the perioperative period. First, a

thorough review of the patient’s history, medications, and treatment of reversible conditions could help to prevent

RNMB. Second, the patient should also be evaluated for the actual need for NMB. Third, using a shorter-acting

NMB while using the minimal amount of NMB necessary to achieve the desired response may reduce RNMB .

This approach may lend itself to a higher probability of complete reversal at the end of a surgical case . Lastly,

recent literature suggests that sugammadex is superior compared to neostigmine in reducing RNMB  and

particularly at moderate to deep forms of neuromuscular block. The American Society of Anesthesiologists 2023

Practice Guidelines suggest a systematic approach to implementation that may include quantitative monitoring in

all anesthesia locations, individual and departmental education efforts, and performance feedback . Use of the

guidelines suggests that complete recovery from RNMB, as monitored through quantitative monitoring, may

increase patient satisfaction, decrease PACU length of stay, pulmonary complications, and mortality .

2.1. Reversal of Neuromuscular Block

2.1.1. Neostigmine

Neostigmine is an acetylcholinesterase inhibitor that has been used for decades to reverse nondepolarizing

neuromuscular blocking agents. Its advantages include that it can be used to reverse both classes of NMB, is

generally cost-friendly in many countries in the world, and has a very low allergenicity rate . However, it has

several disadvantages. First, it requires concomitant use of anticholinergic agents such as glycopyrrolate or

atropine to counteract neostigmine’s muscarinic activity that includes bronchospasm, increased gut motility, and

bradycardia. Second, according to a recent ASA Practice Guideline it should be used to reverse NMB in the setting

of minimal depth of neuromuscular block as defined by a TOFC of equal to 4 without fade (TOFR 0.4–0.9) . It

has been shown to be less effective with moderate to deep degrees of block. Third, it takes approximately 10 min

to reach maximal effect and, therefore, needs to be administered with this duration kept in mind. Fourth, increasing

the neostigmine dose does not always result in enhancing its reversal action due to its ceiling effect. Increasing the

dose may also result in a depolarizing block given the increased availability of acetylcholine at the neuromuscular

junction. Lastly, it may have a prolonged effect on patients with renal insufficiency .

2.1.2. Sugammadex

Sugammadex is a gamma-cyclodextrin that encapsulates aminosteroidal NMB in a 1:1 ratio. It was primarily

developed to achieve a more complete recovery from aminosteroidal NMB. The sugammadex structure of eight

outer tails that have a negative charge attract the positive charge on the aminosteroid molecule, facilitating an

irreversible hold of the NMB in its lipophilic core. The aminosteroid-sugammadex complex is then excreted in the

urine .
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Sugammadex’s drug profile and pharmacokinetics make it an ideal reversal agent for aminosteroid NMBs. First, it

does not require an additional agent like an antimuscarinic to counteract its side effects. Second, its fast onset of

action can allow rapid reversal even with moderate-deep depths of block within 2 min. With larger doses (4–16

mg/kg), sugammadex can also reverse much deeper forms of NMB than neostigmine. In fact, with the appropriate

dosing, sugammadex can reverse any depth of NMB created by rocuronium and vecuronium. Therefore, in

situations where profound depths of NMB are used, sugammadex might be the preferred agent when using

aminosteroid NMBs .

While sugammadex has facilitated a more predictable reversal, especially with moderate to deep depths of NMB, it

also has its disadvantages. First, in a variety of countries, the drug may not be available or is too costly for

hospitals to purchase. Yet, sugammadex is already released in a generic form in some countries, reducing its cost.

Furthermore, cost analyses suggest that when considering the potential for reducing operating room time and

adverse effects from RNMB when using sugammadex, especially in the settings of moderate to deeper depths of

block, it may either be comparable to neostigmine or reduce overall hospital costs . Second, with any drug

shortages, the cost of glycopyrrolate and neostigmine may rival that of sugammadex. Third, it is important to

consider all adverse effects of sugammadex, albeit it carries a reasonably low risk. For instance, the risk of

anaphylaxis delayed the FDA approval of sugammadex in the US. The incidence has been reported to be

anywhere from 0.012–0.0016% . The clinical signs are hypotension, flushing, and bronchospasm. In addition,

reports of profound bradycardia leading to cardiac arrest were reported in the literature that seemed not to be

connected to anaphylaxis .

2.1.3. Perioperative Outcomes Associated with Neostigmine vs. Sugammadex

Several randomized studies have been conducted to date (n − 10) that suggest sugammadex use is associated

with a lower incidence of RNMB vs. neostigmine . In addition, several studies suggest that acceptable recovery

to a TOF ≥ 0.9 occurs in a shorter period of time with the use of sugammadex vs. neostigmine and in the presence

of deep, moderate, and shallow forms of block . However, further studies are required to clearly delineate the

benefit with regards to efficacy, safety, and cost when choosing sugammadex vs. neostigmine, particularly in the

setting of shallow depths of block. Low strength of evidence suggested a lower incidence of pneumonia with

sugammadex vs. neostigmine use . However, when pooling seven non-randomized and six randomized studies,

the evidence to date does not suggest a clear difference in overall pulmonary complications (including respiratory

failure, hypoxia, infection atelectasis, aspiration pneumonia, bronchospasm or pulmonary edema) with the use of

sugammadex vs. neostigmine . Similarly, overall significant differences were not detected among the current

studies available that evaluated the presence of tachycardia, bradycardia, hypertension, or arrhythmias when using

sugammadex vs. neostigmine (with concomitant use of an antimuscarinic agent). Similarly, there was not an overall

significant difference in the incidence of postoperative nausea and vomiting when using sugammadex vs.

neostigmine .

Given the available evidence, the American Society of Anesthesiologists Practice Guideline was recently released

and provides the following overall recommendations for anesthesia professionals with regard to reversal of NMB. A
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strong recommendation with a moderate level of evidence was provided for the statement that sugammadex

should be used over neostigmine to avoid residual neuromuscular block at deep, moderate, and shallow depths of

neuromuscular block. With a conditional recommendation with a low level of evidence, the ASA Practice Guideline

suggested that neostigmine is a reasonable alternative to sugammadex at minimal depths of NMB. Patients who

have achieved a qTOFR ≥ 0.9 do not require any reversal agents. Further studies are forthcoming with regards to

comparing patient outcomes with sugammadex and neostigmine at shallow depths of block. In addition, studies

should further evaluate the routine avoidance of reversal in patients with qTOFR ≥ 0.9. Therefore, it is suggested

that patients who receive neuromuscular blockade during surgery should be reversed unless they achieve the TOF

≥ 0.9. Lastly, further trials investigating the association of RNMB and postoperative pulmonary complications are

required and especially in high-risk surgical populations such as those with sleep apnea, morbid obesity, and

chronic pulmonary disease .
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