
At the conclusion of this activity, 
participants should be able to:

• Summarize the importance of achieving 
deep neuromuscular blockade during 
surgical procedures.

• Describe the benefi ts and limitations of 
currently available reversal agents. 

• Evaluate strategies such as the use 
of novel reversal agents that allow for 
deep neuromuscular blockade and their 
potential impact on surgical practice.

• Assess multidisciplinary approaches to 
managing surgical patients who require 
deep neuromuscular blockade.
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Th e plant toxin curare was introduced in the early 1940s as 
tubocurarine, a neuromuscular blocking agent, in addition to the 
armamentarium of anesthesia practice to provide muscle relaxation 
during surgery. Th is advance in anesthesiology was followed by the 
recommendation that small doses of an anticholinesterase should 
be administered at the end of surgery as a relaxant reversal. After 
50 years, anticholinesterases still provide the main pharmacologic 
approach to reversing neuromuscular blockade; however, consistent 
and complete reversal is frequently not universally achieved. In ad-
dition, techniques to monitor the eff ects of neuromuscular blocking 
agents and their reversal, available since the 1970s, are limited in 
capability and not widely used.

Inconsistent monitoring of neuromuscular blockade and the contin-
ued incidence of residual paralysis continue to be all too common. 
Th e types and stimulation modes of neuromuscular monitors, the 
clinical correlation of extrapolated data, and the inherent limitations 
of these monitors may not be fully understood by anesthesia providers 
or surgeons. Th ese issues coupled with the limitations of neuromus-
cular blockade reversal agents highlight an area for continued study.  
Additionally, the benefi ts of novel approaches being introduced are 
important new educational opportunities for surgical team members. 

To help anesthesia providers and surgeons increase their knowledge, 
which may help change attitudes and modify practices, Vindico 
Medical Education sponsored a panel discussion of experts rep-
resenting key members of the surgical team. Th e objective was to 
share their experience and expertise, highlighting the ideal surgi-
cal conditions associated with a neuromuscular blockade from a 
surgeon’s perspective, describing methods to assess the depth of the 
neuromuscular blockade, reviewing available methods for reversing 
the blockade, and explaining the signifi cance of residual paralysis. 
New approaches to reversal, which can allow more rapid reversal at 
all blockade levels, were reviewed. Finally, no surgical environment 
can be ideal without eff ective collaboration and communication 
among the surgical team. Examples of the adverse consequences of 
defi cient communication and ways to remove constraints to eff ective 
interaction were provided.

Readers can expect to become more knowledgeable about neuromus-
cular blocking agents and their reversal, and characteristics associated 
with the depth of neuromuscular blockade that aff ect agent use, 
monitoring, and recovery.  In addition, readers should be motivated to 
advocate for mutual understanding and improved teamwork, which 
may encompass standardization of terms, clarifi cation of responsi-
bilities and procedures, and assurance that management plans are  
understood  among the team members.

Mark D. Welliver, CRNA, DNP, ARNP
Course Chair

Introduction

John J. Nagelhout, CRNA, PhD, FAAN 

12 New and Advanced Options in
Neuromuscular Blockade 
Management

Mark D. Welliver, CRNA, DNP, ARNP
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The Role of Deep Neuromuscular 
Blockade in Surgical Procedures

Matt L. Kirkland, MD, FACS

General anesthesia is the uppermost level on a 
sedation continuum.1 According to the Ameri-
can Society of Anesthesiologists’ defi nition, the 
patient under general anesthesia is unarousable, 

even with painful stimuli, often requires airway interven-
tion, spontaneous ventilation is frequently inadequate, and 
cardiovascular function may be impaired.1 

A “triad of anesthesia” typically includes hypnosis (am-
nesia), lack of pain (analgesia), and immobility (paralysis).2  
To achieve general anesthesia, modern techniques usually 
include drugs specifi c for each component; that is, instead 
of a single drug, a hypnotic drug, an analgesic drug, and a 
muscle relaxant are used. Common hypnotic drugs are the 
inhalation anesthetics such as desfl urane, isofl urane, and 
sevofl urane; injectable agents include propofol, etomidate, 
midazolam, and ketamine. Analgesia is often achieved with 
an opioid narcotic such as fentanyl, remifentanil, nalbuphine, 
or tramadol. 

Muscle relaxation induced by a neuromuscular blocking 
agent (NMBA) has become the standard means to achieve 
required levels of blockade. Th eir use is important during in-
tubation; however, they are not always needed for or beyond 
this application.3 Shorter acting opioid narcotics, particu-
larly when used with propofol, can be used in circumstances 
when analgesia and anesthesia are desired, but deep block-
ade is not required, such as in controlling muscle movement 
of the diaphragm.  

Neuromuscular Blocking Agents
Neuromuscular blocking agents were fi rst used to facili-

tate tracheal intubation by paralyzing the vocal cords with a 
concomitant reduction in laryngeal trauma.3,4 After being in-
troduced for this application and surgical relaxation in 1942, 
their use has been expanded, when appropriate, to assist with 
eff orts to achieve ideal surgical conditions. Relaxation can 
provide an important contribution to optimizing the surgical 
fi eld by inhibiting spontaneous ventilation, relaxing skeletal 
muscle, and inhibiting spontaneous movement. 

Mechanism of the neuromuscular blockade
An uninhibited nerve impulse begins as an electrical cur-

rent through the nerve.4 It is chemically transmitted across 
the synapse in the form of acetylcholine, which binds to a 

nicotinic receptor on the muscle for a few milliseconds. Th is 
binding generates another chemical-electrical impulse, which 
results in muscle contraction. Muscle relaxation occurs when 
the acetylcholine is enzymatically cleaved by the acetylcho-
linesterase that is present in the basal lamina of the muscle.   

Neuromuscular blocking agents inhibit the transmis-
sion of the impulse across the synapse by inhibiting the 
action of acetylcholine  on the receptor. Th ere are 2 class-
es of drugs with diff erent mechanisms of action that can 
produce this inhibition: depolarizing and non-depolariz-
ing agents. Depolarizing agents are represent ed by suc-
cinylcholine, which structurally is composed of 2 joined 
acetylcholine molecules. When succinylcholine occupies 
the receptor, depolarization occurs, which contributes to 
the biphasic action of these agents, launching a complex 
interaction of activation and inhibition.5 Succinylcholine 
is not hydrolyzed by local acetylcholinesterase, and its 
prolonged occupation of the receptor allows depolariza-
tion that lasts longer than a few milliseconds, prevent-
ing the spread of the action potential and inhibiting the 
contraction. Succinylcholine has a rapid onset of action 
(1 to 2 minutes), with an ultrashort (<10 minutes) dura-
tion of action. It undergoes rapid inactivation by plasma 
cholinesterases.  

Non-depolarizing neuromuscular blocking agents 
are competitive antagonists of acetylcholine. Th ey initi-
ate clinically signifi cant inhibition of muscle contrac-
tion when approximately 70% of receptors are occupied 
by the blocking agent.4 Th ere are 2 structural classes of 
non-depolarizing agents: benzylisoquinoliniums and 
aminosteroids. Th ey are classifi ed as having short, inter-
mediate, or long durations of action.4 

Ideal Surgical Conditions
From a surgeon’s perspective, there are 2 basic questions 

related to neuromuscular blockade: (1) What are the com-
ponents of an ideal surgical condition, particularly during 
laparoscopic procedures; and (2) What are the challenges to 
achieving the ideal condition? 

Surgeon’s needs
Several criteria that can be aff ected by the level of neu-

romuscular blockade are associated with achieving an ideal 
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surgical condition. Many of these conditions are inter-
related. A larger operative space is always important to 
the surgeon, particularly when working laparoscopically. 
In addition to other benefi ts, a larger operative space can 
help fulfi ll the need for better visualization, which is as-
sociated with fewer intraoperative technical errors and 
contributes to fewer postoperative complications. Th e 
surgeon needs access to tight spaces, which is more critical 
in the setting of laparoscopic and robotic surgery. Clas-
sic tight spaces are in the pelvis for gynecologic and uro-
logic procedures, and in the upper abdomen around the 
esophageal hiatus, especially during laparoscopic esopha-
gectomy. Immobilization is always important, and can be 
essential for some procedures. Involuntary movement can 
have disastrous consequences in tight spaces, particularly 
when working in a relatively fi xed platform. If the patient 
moves, the instruments on the fi xed platform can become 
dislodged and injuries can result. Finally, lower insuffl  ation 
pressures are desirable to reduce hypercarbia. Authors of a 
meta-analysis that included 15 randomized controlled tri-
als comparing low with standard pressure during laparo-
scopic cystectomy concluded that low pressure is eff ective 
in reducing postoperative pain in these patients.6 Using 
a deep neuromuscular block in this and other abdominal 
laparoscopies may increase the working space at lower car-
bon dioxide insuffl  ation pressures and provide improved 
patient outcomes.7 

Ideal conditions
• Larger operative space
• Better visualization
• Access to tight spaces
• Immobilization
• Lower insuffl  ation pressures (laparoscopy)

Challenges
One confl ict surgeons encounter is the diff erent defi ni-

tions of relaxation that are used by surgeons and anesthe-
sia providers. To allow a safe operation with good visual-
ization, the triad of anesthesia, that is, hypnosis, analgesia, 
and relaxation must be provided. In many situations, the 
use of NMBAs is not adjunctive; rather, it is an essential 
component of achieving ideal surgical conditions. How-
ever, particularly at the end of a case when a surgeon asks 
for more relaxation, what may actually be needed is a bet-
ter level of analgesia and hypnosis, which can be achieved 
with a narcotic and propofol or a similar agent, rather 
than more muscle relaxant. If unnecessary relaxant is giv-
en, recovery delays with residual paralysis may result. It is 
important for surgeons to diff erentiate between the need 
for analgesia and/or anesthesia and relaxation.

Th e requirements to achieve these ideal conditions 
are not completely understood by many surgeons. Th ere 

are times when deeper degrees of muscle relaxation are 
necessary, but that does not apply throughout the dura-
tion of the procedure. Diff erent situations may require 
greater and lesser degrees of neuromuscular blockade. 
For example, intra-abdominal laparoscopies for hernia 
repair, cholecystectomy, and sling procedures for urinary 
incontinence require a shorter duration and less deep 
levels of relaxation compared with laparoscopic transhi-
atal esophagectomy, and possibly robotic prostatectomy. 
Most surgical procedures, however, are in between; that 
is, they may need a short period of deep relaxation that 
is reversed relatively quickly, or an intermediate level of 
relaxation required throughout the procedure, as with 
laparoscopic cholecystectomy and laparoscopic nephro-
ureterectomy. When excising the bladder orifi ce, which 
is adjacent to the obturator nerve, urologists may inad-
vertently stimulate the nerve, resulting in abduction of 
the leg. Problems may arise with positioning and injuries 
resulting from the leg falling out of position. In addition, 
intra-abdominal and pelvic injuries may result if relax-
ation level is not adequate.

Th e impact of the agents used is often not understood, 
nor is the concept of reversal, particularly the potential 
impact of an incompletely reversed neuromuscular block-
ade. Even with standard practices for managing patients 
who are given neuromuscular blocking agents, many stud-
ies have shown that actual practices diverge considerably 
from these ideals. 

Measuring the Depth of Paralysis 
Monitoring the depth of paralysis when using neuro-

muscular blocking agents is considered an essential part 
of standard practice.8,9 Traditionally, this was done with 
clinical criteria alone; however, several studies have shown 
this to be unreliable for detecting clinically signifi cant re-
sidual block.10,11 

Train-of-four 
Train-of-four (TOF) stimulation, introduced in 1970 

by Ali and colleagues, measures response to a sequence of 
4 electrical impulses given over 2 seconds and, when 
used continuously, repeated every 10 or 20 seconds.12,13 
Each impulse causes the muscle to twitch, and the 
number and height of the 4 twitches are recorded. 
Th e ratio between the fourth and fi rst twitch (T4/
T1) has become a criterion for adequate recovery from 
the NMBA. Prior to administering the agent, the
4 twitches should be the same height, producing a TOF 
ratio of 1.0. Under infl uence of a non-depolarizing 
NMBA, the twitch height fades, and the ratio decreases, 
followed by a decrease in the number of twitches.14 A 
TOF ratio of 0.9 is considered adequate recovery. Th e 
twitch response becomes less as the depth of the block 
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increases, and twitches are abolished when 100% block-
ade is reached. Moderate neuromuscular block is often 
defi ned as a TOF that has 1 or 2 twitches.15 Although 
normal volunteers, known to have no neuromuscular 
blocking agent occupying their acetylcholine receptors, 
will have 4 twitches, a postoperative patient recovering 
from an NMBA who has 4 twitches may have up to 75% 
of his receptors occupied by the agent. 

TOF is more useful in monitoring non-depolarizing 
than depolarizing neuromuscular block. During onset 
and recovery following use of a depolarizing block, the 4 
twitch heights are equally aff ected, unless larger doses are 
given, which may produce a phase 2 block.13 

Subjective or qualitative neuromuscular monitoring 
uses visual or tactile assessments of response to peripheral 
nerve stimulation.16 Fade cannot be accurately detected 
using subjective monitoring when TOF ratios are between 
0.6 and 1.0. 

Several devices are available that provide quantitative 
neuromuscular monitoring. Acceleromyography devices 
are small, portable, and considered by some as the most 
versatile devices for the clinical setting.17 

Post-tetanic count
When a deeper blockage is reached, post-tetanic 

count (PTC) replaces TOF as a measure of the depth 
of the block.18 A motor nerve is stimulated 50 times/
second, followed 3 seconds later by 1 stimulus/second. 
The number of twitches that occur during this interval 
are the PTC. Twitch recovery to PTC occurs before re-
covery of TOF twitches, which commonly return with a 
PTC of 9 for atracurium or vecuronium, although TOF 
twitches often do not return until the PTC is at least 
10.13,16,17 During intense block, there is no response to 
the tetanic or post-tetanic stimulation. A PTC of 1 or 
2 represents profound (or “deep”) block.14 

Understanding the ways to achieve ideal surgical 
conditions related to neuromuscular blockade and the 
importance of quantitative neuromuscular monitoring 
is critical for surgeons as well as anesthesia providers. 
It is imperative for intraoperative safety to understand 
the anesthesia drugs being given and their effects. The 
surgeon must be able to accomplish the procedure ef-
ficiently; likewise, efficient recovery and turnover times 
must be achieved. Patients should arrive in the post-
anesthesia care unit (PACU) extubated, and should not 
need reintubation, which depends on monitoring and 
managing the level of paralysis appropriately. It is im-
portant for the postoperative patient to be able to gen-
erate adequate negative inspiratory force in a milieu of 
pain, narcotics, and hypercarbia. All of these consider-
ations translate into patient safety.

Q&A
What are some specifi c examples of levels 
of neuromuscular block needed and their 
rationale?

Matt L. Kirkland, MD, FACS: I believe there is a distinct differ-
ence between the level of paralysis that is needed for pelvic surgery 
compared with that needed for subdiaphragmatic surgery or trans-
diaphragmatic surgery. Working in the pelvis, the level of relaxation 
and paralysis needed is less than what is needed in areas that are 
closer to the diaphragm. The patient can have a few twitches, and 
pelvic surgery can still be safely accomplished. Conversely, during 
a liver resection or laparoscopic splenectomy, direct stimulation of 
the diaphragm can occur from touching it or by cautery conducting 
to it, or it may be produced by stimulating the phrenic nerve. 

A transhiatal procedure provides an example of a situation that often 
requires deep relaxation. There is a fi xed platform holding the hiatus 
open as the surgeon dissects along the esophagus. In these settings, 
if there is not a very deep degree of muscle relaxation or if the patient 
moves spontaneously or makes any attempt at spontaneous ventila-
tion, this movement can result in catastrophic injury if an instrument 
becomes dislodged and makes a random unintended perforation. 
Also, because of its blood supply, the diaphragm recovers compara-
tively early from muscle relaxation. There may be diaphragmatic 
excursions and movement while the extremities are immobile.

Conversely, a laparoscopic cholecystectomy can typically be done 
with minimal relaxation. Patients commonly do not receive muscle 
relaxants after their intubating dose. 

Mark D. Welliver, CRNA, DNP, ARNP: The question of using 
muscle relaxants (neuromuscular blocking agents) for surgical 
needs is pertinent. As Dr. Kirkland states, sometimes the surgeon 
needs immobility, not necessarily neuromuscular block-induced 
paralysis. If the surgeon is experiencing less than ideal conditions 
due to patient movement or diaphragmatic excursion deepening 
the anesthetic may be all that is necessary. Increasing the volatile 
anesthetic, propofol infusion, or administering an opioid is all that 
may be required. Neuromuscular blocking agents used for immo-
bility that may be achieved via other mechanisms may not always 
be the best choice, especially considering the limitation of current 
reversal modalities. On the other hand, surgeries that are impeded 
by muscular tone, tension, or resistance are more likely to benefi t 
from muscular paralysis induced by NMBAs. It is important to 
differentiate paresis from paralysis when discussing the third com-
ponent of general anesthesia immobility. Is complete cessation of 
motor function necessary? Can surgical procedures and outcomes 
be improved in cases where deeper levels of neuromuscular block 
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are used? I am aware that pneumoperitoneum may cause some 
localized tissue perfusion alterations, acidosis, and hypoxia.19 Some 
research has also found mesothelial lining structural changes, 
immune suppression, as well as specifi c cell function alterations 
that include changes to ATP production, increased metastatic cell 
production, and cell apoptosis.20,21 This has caused some to ask 
if lower pneumoperitoneum pressures would be better. These are 
interesting fi ndings. Equally interesting are studies exploring the 
use of lower pneumoperitoneum pressures achieved with deeper 
levels of neuromuscular blockade and what, if any, is the effect on 
surgical visualization.22 

John J. Nagelhout, CRNA, PhD, FAAN: Laparoscopic proce-
dures that require moderate to deep relaxation yet end very quickly 
can be challenging. The surgeon needs relaxation up to the end of 
the procedure. Profoundly blocked patients must be emerged as 
quickly as possible; time is of the essence because the anesthesia 
provider cannot wean down the anesthetic as is done with many 
procedures. This is a critical objective for patients who are main-
tained in deep relaxation up to the end of the procedure. 
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Reversal of Neuromuscular Blocking
Agents: Current Practice

John J. Nagelhout, CRNA, PhD, FAAN

Routine reversal of non-depolarizing neuromus-
cular blocking agents (NMBAs) is more com-
mon in the United States than in Europe.1 In a 
survey comparing practice in both areas, 34% of 

U.S. clinicians vs. 18% of European respondents said they 
always administer an anticholinesterase at the end of a sur-
gery where a non-depolarizing relaxant was given.2 When a 
reversal drug was not given, a factor in the decision not to 
reverse was measurement of the train-of-four (TOF) ratio 
using a quantitative TOF monitor in 12% (United States) 
vs. 46% (European) of respondents. 

Th e need for a better agent for relaxant reversal motivates 
continuing research in this area. An ideal agent would have a rap-
id onset, would reliably and predictably re-establish muscle func-
tion in all patients in all degrees of relaxation including complete 
block, and would exhibit high eff ectiveness in the presence of 
inhalation anesthetics, which can impede reversal when patients 
are  still signifi cantly anesthetized. In addition, as with all drugs, 
the ideal reversal agent would have minimal adverse eff ects. 

Th e current practice to reverse non-depolarizing relaxants 
is to use a anticholinesterase drug, primarily neostigmine. 
Although some direct neostigmine eff ects have been noted, 
these agents primarily have an indirect mechanism of action 
that is less than ideal. Unlike the direct receptor reversal, 
such as the mechanism by which naloxone reverses opiates 
and fl umazenil reverses benzodiazepine, these drugs do not 
achieve their eff ect by direct competition with the muscle re-
ceptor. Rather, they work indirectly by inhibiting the enzyme 
cholinesterase, thus allowing acetylcholine to accumulate and 
compete with the relaxant at the nicotinic receptor on the 
muscle, re-establishing normal function. 

Th ere are several disadvantages with these agents. Th e 
indirect reversal mechanism increases the time required to 
produce the reversal. In an average healthy person, it com-
monly requires 10 to 15 minutes for adequate reversal, and 
longer in a person with less than average health.3 Onset of 
reversal can frequently be delayed in a person with a low tem-
perature, which commonly occurs during surgery. Reversal is 
unreliable, unless clinically signifi cant spontaneous recovery 
has already occurred. Residual blockade, with its associated 
complications, remains a clinical problem. When monitor-
ing patients, keeping them slightly less than 100% paralyzed 
is targeted; that is, with 1 or 2 twitches using the TOF test. 

Th is provides an adequate amount of relaxation for most 
procedures. If the patient is weaned off  the NMBA and al-
lowed to begin recovery toward the end of the procedure, 
neostigmine will work more eff ectively if it is given when 
there are 3 to 4 twitches on a TOF test.4 If the end of the 
procedure is reached and the patient has 0 or 1 twitch, an ap-
propriate reversal with neostigmine cannot be guaranteed, as 
these agents cannot reverse profound block.5 

In addition, the increased systemic acetylcholine must be 
countered by co-administration of an anticholinergic drug 
such as atropine or glycopyrrolate to minimize adverse eff ects 
associated with the accumulation of acetylcholine at musca-
rinic cholinergic parasympathetic sites. Th e anticholines-
terases may have other adverse eff ects resulting from para-
sympathomimetic actions secondary to the induced buildup 
of systemic acetylcholine. Th ese may include bradycardia, 
arrhythmias, increased gastric motility, airway secretions, 
miosis, and bronchoconstriction. Although controversial, the 
increased gastric motility may be associated with increased 
postoperative nausea and vomiting. Bronchoconstriction is 
especially common in patients with asthma and people who 
are prone to respiratory problems.

Th e concurrent administration of an anticholinergic 
drug to minimize the adverse eff ects of the anticholin-
esterase is also associated with adverse eff ects, including 
tachycardia, arrhythmias, cardiac conduction changes, dry 
mouth, blurred vision, and urinary retention. Atropine can 
cause some initial stimulation, followed by sedation in the 
post-anesthesia care unit (PACU). 

Th ere is some evidence that neostigmine may produce 
muscle weakness when administered as a safety measure 
after spontaneous recovery from non-depolarizing block 
has occurred.4 

Neostigmine Dosing
Requirements for adequate reversal using 
anticholinesterase drugs

Th e recommendation is to have a minimum of 2 twitches 
from a TOF, which indicates an approximate 80% block-
ade, when neostigmine is administered. However, success 
is enhanced when the antagonist is given early (>15 to 
20 minutes before tracheal extubation) and if there is a 
shallower block (when there are 4 TOF twitches).5 
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Response is also related to the dose of neostigmine. 
Th ere is an upper limit to the amount of acetylcholinester-
ase inhibition that is possible at the neuromuscular junc-
tion.5 When this ceiling is reached, if a patient is not ad-
equately reversed, additional dosing of neostigmine will not 
produce additional reversal.   

Th e rate of recovery depends on the relaxant used as well. 
Neostigmine does not aff ect the elimination of the relaxant; 
therefore, long-acting relaxants take longer to reverse than inter-
mediate-acting drugs. Liver or renal disease that may aff ect the 
metabolism or elimination of the relaxant can also aff ect recovery.

In addition, the concentration of the inhalation anes-
thetic present when reversal is initiated can aff ect the rever-
sal. Greater levels of inhalation anesthetics can make reversal 
more diffi  cult by increasing the time to recovery or impeding 
the ability to reverse.  

Patient characteristics also aff ect the ability to achieve 
adequate reversal. It is more diffi  cult to reverse hypother-
mic patients. Age, metabolic imbalances such as hypokale-
mia, and some concurrent medications may also adversely 
impact reversal. 

In summary, if a person does not adequately reverse, pos-
sible explanations should be considered. Th e reversal may 
have been started when the patient was in too deep a block; 
for example, with 0 or 1 twitch on a TOF. Th ere may be an in-
adequate interval since initiation of the reversal; for example, 
reversal may take up to 30 minutes in patients who are hypo-
thermic, have poor circulation, or have several comorbidities 
such as vascular disease and diabetes. A 100% blockade is too 
intense to be antagonized. In these cases, reversal should be 
delayed until some spontaneous recovery has occurred. At-
tention to the dose of neostigmine, drug interactions, and the 
possibility of an unrecognized process ongoing in the patient 
may explain defi ciency in recovery.    

Some considerations when reversal of the non-depolariz-
ing relaxant is incomplete are shown in Table 1.

Th e maximum recommended total dose of neostigmine 
is 0.07 mg/kg, or 5 mg, whichever is less.6 If the maximum 
dose has been given and reversal has not been achieved, the 
patient should be kept in the PACU and remain sedated 
so they do not awaken while paralyzed. Adequate ventila-
tion should be provided until the relaxant eff ects dissipate 
and full recovery is established, which may require from a 
few minutes to several hours. 

All of these scenarios exemplify the importance of pro-
viding quantitative neuromuscular monitoring as part of 
the routine management of patients receiving a neuromus-
cular blockade agent. Th is becomes especially important in 
relation to the possibility of residual paralysis.

Postoperative Residual Neuromuscular Block
Residual neuromuscular block can be defi ned as the pres-

ence of postoperative signs and symptoms of muscle weak-
ness after administration of a neuromuscular blocking drug.7

Th is was initially related to a TOF ratio �0.7. Several stud-
ies, particularly those by Eriksson and Kopman, showed that 
normal vital muscle function, including that of the muscles 
of the pharynx, requires a TOF ratio of at least 0.9.8 Using 
objective monitoring to determine return of TOF ratio to 
0.9, however, does not obviate the need for careful clinical as-
sessment for adverse eff ects related to blocking agents. Some 
patients exhibit muscle weakness at a TOF ratio >0.9, and 
others may show complete recovery of muscle strength at a 
TOF ratio �0.9.7 Spontaneous recovery cannot always be 
assumed.9 Studies have shown evidence of residual paralysis 
after a single dose of an NMBA in up to 37% of patients 
>2 hours after dosing, and in one study 33% of patients had 
a TOF �0.75, 3 hours after a single dose of vecuronium. 
Although reversal of the blockade may reduce the incidence 
of postoperative paralysis, complete recovery in the PACU 
should not be assumed simply based on the use of an anti-
cholinesterase reversal agent. 

TOF = train-of-four 
Source: Nagelhout JJ, Plaus KL. Nurse Anesthesia. 5th ed. St Louis, MO: Elsevier Mosby; 2014.

Table 1. Considerations When Return of Muscle Function Is Incomplete

• As with any reversal agent, the ability to counteract a 
nondepolarizing blocking agent depends on the amount 
of spontaneous recovery before the administration of a 
reversal drug.

• Has enough time been allowed for the anticholinesterase to 
antagonize the block (at least 15 to 30 minutes)?

• Is the neuromuscular blockade too intense to be 
antagonized?

• Even if recovery appears clinically adequate, a small dose 
of neostigmine may be prudent if  the time since relaxant 
administration is �4 hours.

• Has an adequate dose of antagonist been given?

• Are the other anesthetics and adjunctive agents 
contributing to patient weakness?

• Has metabolism or excretion of the relaxant been reduced 
by a possibly unrecognized process?

• Have acid-base and electrolyte status, temperature, age, 
drug interactions, and other factors that may prolong 
relaxant action been contemplated?

• The safest approach when any question about successful 
reversal remains is to provide proper sedation and 
controlled ventilation until adequate recovery is ensured.
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Th e incidence of a TOF ratio �0.9 in PACU patients 
is estimated to range from approximately 30% to almost 
60%.4,7,10-12 Clinically evident events have been reported in 
a small proportion, �1% to 3%, of patients with residual 
block.7 However, there is an association between neuromus-
cular blocking agent use / residual block, and increased peri-
operative morbidity and mortality. Serious complications can 
result, including respiratory complications, with acute events 
such as hypoxia and airway obstruction reported in up to 
20% of patients.4 A case control study compared 42 cases of 
critical respiratory events (CRE) in the PACU with controls 
matched for age, gender, and surgical procedure, but who did 

not develop a CRE.13 Mean TOF ratio was 0.62 in the cases, 
compared with 0.98 in controls (P�.0001). Th is refl ected 
that no control patients had a TOF ratio �0.7, compared 
with 74% of cases with adverse events (P�.0001). Th e au-
thors concluded that residual paralysis contributes to the de-
velopment of respiratory adverse events in the PACU.   

Th ese complications, even when not serious, may impose a 
delay on tracheal extubation or require reintubation to ensure 
the patient has adequate oxygenation. Muscles in the hypo-
glossal area, which help protect the airway against aspiration, 
are among the last to recover; therefore, patients who experi-
ence vomiting postoperatively may have an increased risk of 
aspiration. Several unpleasant symptoms, including muscle 
weakness, that are associated with residual blockage can be 
disconcerting when a patient is also recovering from sedation. 
When patients are transported between the operating room 
and the PACU, they often are not being ventilated directly 
and their oxygen content decreases, which may contribute to 
adverse events occurring during transport. Patients with re-
sidual blockage may also have a longer PACU stay.7 

Clinical factors infl uencing the incidence of postoperative 
residual blockade are listed in Table 2. 

Clinical Tests of Residual Muscle Weakness
Several clinical tests are commonly used to assess resto-

ration of muscle functioning, including:
1.  General weakness
2-4.  Inability to smile, swallow, or speak
5-6.  Inability to lift the head or leg for 5 seconds
7.  Inability to sustain a hand grip for 5 seconds
8.  Inability to resist removal of tongue depressor  

 from between the teeth
Th e 5-second head lift has been the most frequently used 

clinical criterion used to assess muscle function. Studies 
have shown, however, that a successful head lift was associ-
ated with a TOF ratio of ⩽0.5 in a majority of patients.9 
Th e sensitivity, specifi city, positive predictive value, and 
negative predictive value of a failure to complete a 5-second 
head lift for detecting residual paralysis (TOF �0.9) were 
19%, 88%, 51%, and 64%, respectively, in another study.11 In 
that study, when the results of these 8 clinical assessments 
were summed, the combined sensitivity and specifi city for 
a scenario where all tests were negative were 46% and 67%.

Key Points
Th e reversal agent neostigmine is widely used; how-

ever, it has several disadvantages. When possible, inter-
mediate-acting relaxants with a 30-minute to 60-minute 
eff ect are preferred. 

Although neuromuscular monitoring should be more 
available, particularly quantitative monitoring, it is essential 
that practitioners receive adequate training on its use and 
include it in the standard management of patients receiving 

TOF = train-of-four; PACU = postanesthesia care unit, NMDB = neuro-
muscular blocking drug; DBS = double-burst stimulation; TIVA = intra-
venous anesthesia. 
Source: Murphy GS, Brull SJ. Anesth Analg. 2010;111(1):120-128;  Nagelhout JJ, Plaus KL. 
Nurse Anesthesia. 5th ed. St Louis, MO: Elsevier Mosby; 2014. 

Table 2. Factors Infl uencing Residual 
Neuromuscular Blockade

Objective TOF measurements (TOF ratio < 0.9)
Clinical signs or symptoms of muscle weakness     

Type and dose of NMBD administered intraoperatively:
Intermediate-acting NMBD
Long-acting NMBD
 
Use of neuromuscular monitoring intraoperatively: 
Qualitative monitoring (TOF and DBS studied)
Quantitative monitoring (acceleromyography studied) 
No neuromuscular monitoring (clinical signs)

Degree of neuromuscular blockade maintained 
intraoperatively:
TOF count of 1-2
TOF count of 2-3

Type of anesthesia used intraoperatively:
Inhalation drugs
TIVA

Type and dose of anticholinesterase reversal drug: 
Neostigmine
Edrophonium

Duration of anesthesia 

Time interval between anticholinesterase administration and 
objective 
TOF measurements

Patient factors: metabolic derangements in the PACU
(acidosis, hypercarbia, hypoxia, hypothermia)

Drug therapy in PACU: opioids, antibiotics  
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neuromuscular blocking agents. However, it is also impor-
tant to work towards better use of neuromuscular blocking 
agents, and development of new blocking and/or reversal 
agents. Finally, a better understanding between surgeons 
and anesthesiologists regarding the specifi c limitations and 
needs of each other’s disciplines should be pursued. 

Q&A 
Where does neuromuscular monitoring fi t 
in with managing neuromuscular block and 
preventing residual paralysis?

Mark D. Welliver, CRNA, DNP, ARNP: Despite all the 
reports highlighting the importance of objective neuromuscular 
function monitoring, recent studies show a very low rate of neu-
romuscular function monitoring, both qualitative and quantitative. 
Although objective quantitative monitoring (accelerometry) is 
preferable, subjective qualitative (peripheral nerve stimulator) 
monitoring is primarily used in clinical practice.9 Qualitative moni-
toring uses a peripheral nerve stimulator and visual or tactile as-
sessment of the twitch response. Numerous studies have shown 
limitations in detecting TOF fade using this subjective evaluation. 
Only 50% of 32,002 surgical procedures between 2006 and 2010 
in a single hospital where intermediate-acting non-depolarizing 
blocking agents were administered included neuromuscular 
monitoring, defi ned as subjective assessment of response to 
peripheral nerve stimulation.14 

Several survey studies have shown the lack of knowledge and 
use of appropriate practices related to postoperative residual 
paralysis among anesthesia providers. One survey reported 17% 
use of objective monitoring, with 52% of anesthesiologists relying 
on clinical judgment instead of TOF data as their criterion for 
safe extubation.15 Another survey reported that 9% of American 
anesthesiologists who had both quantitative TOF monitors and 
conventional nerve stimulators available used neither, and 63% 
used the conventional nerve stimulator.2 When anesthesiologists 
were asked in another survey about the incidence of postoperative 
residual paralysis, it was underestimated by 91%.16 Additionally, 
27% and 75% believed, incorrectly, that clinical tests and tactile/
visual evaluation of a TOF stimulation can be used to exclude 
residual paralysis. 
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Management of patients given neuromuscular block-
ing agents (NMBAs) is often less than ideal and 
available management options should be improved. 
Cholinesterase inhibitors are the only drugs avail-

able in the United States to pharmacologically reverse neuro-
muscular blockade. Cholinesterase inhibitors reverse NMBAs 
indirectly by increasing acetylcholine to compete for binding 
to the nicotinic acetylcholine receptor. One of the main limi-
tations of cholinesterase inhibitors is their inability to reliably 
produce a train-of-four (TOF) ratio >0.9 within 30 minutes 
of administration, regardless of the TOF count when the agent 
was given.1 Additionally, developing neuromuscular blocking 
drugs that quickly and reliably degrade or can be directly re-
versed would be an improvement. Th ese improvements would 
have several benefi ts, including the potential of avoiding post-
operative residual neuromuscular paralysis. 

Currently, there are several methods by which the eff ects of 
NMBAs can be ended. Physiologically, some agents are me-
tabolized through common pharmacokinetic pathways that 
result in their elimination, while some are excreted unchanged.2 
Inactivation can also occur by ester hydrolysis or spontaneous 
degradation (Hofmann elimination), as occurs with atracu-
rium and cisatracurium. Th e investigational ultra-short-acting 
isoquinoline NMBAs gantacurium, CW011, and CW002 
were shown to be non-enzymatically terminated by cysteine 
adduction of the chloride atom on their esther linkage. Exog-
enous L-cysteine was found to reverse these agents within 2 to 
3 minutes after intravenous administration in monkeys.3 Th is 
cysteine adduction represents another potential mechanism 
for reversing neuromuscular blocking agents but fi rst requires 
clinical study of these new agents. 

Direct encapsulation is another novel approach to re-
versing NMBAs. Th e selective relaxant binding agent, su-
gammadex, is the fi rst-in-class using this approach. Since its 
fi rst approval in the European Union in 2008, sugammadex 
has been approved in more than 50 countries worldwide for 
the reversal of neuromuscular blockade; however, it has yet 
to gain approval from the U.S. FDA.4,5 

Sugammadex
Sugammadex is a cyclodextrin, which is a family of com-

pounds composed of cyclic dextrose units that have been 
used since 1953 as solubilizing agents. Sugammadex is a 

modifi ed γ-cyclodextrin, comprising 8 sugar molecules that 
form a rigid ring with a central lipophilic cavity.6

Sugammadex was initially discovered when a compound 
was needed to increase the solubility of rocuronium in a 
specifi c media, and cyclodextrins were explored for that 
purpose.4 When essentially permanent binding of the ro-
curonium molecule was observed, this novel mechanism to 
reverse neuromuscular block was further investigated, and 
sugammadex was selected for clinical development. Th e ste-
roid nucleus of the aminosteroid NMBA molecule fi ts and 
binds into the central sugammadex cavity, creating a 1:1 ir-
reversible bond.7,8 

Sugammadex was also subsequently shown to be eff ec-
tive in reversing the eff ects of vecuronium-induced neu-
romuscular block.9-11 Limited data suggest it has lesser 
effi  cacy against pancuronium.12 Because of its specifi city 
for aminosteroidal NMBAs, sugammadex is not eff ective 
against benzylisoquinolinium NMBAs.   

Following intravenous administration of sugammadex, 
rocuronium or vecuronium molecules in the plasma are rap-
idly encapsulated.13 Th is creates a concentration gradient of 
no free unbound NMBA molecules in the plasma compart-
ment to the extravascular compartment, where the NMBAs 
are exerting their eff ect on acetylcholine receptors. Th is favors 
movement of the NMBAs back into the plasma. Once in the 
plasma, the NMBA molecules are also rapidly encapsulated 
by the available free sugammadex molecules. Sugammadex 
has been shown in a dose-dependent fashion to reverse any 
depth of neuromuscular blockade to a TOF ratio �0.9 with-
in 3 minutes.  

Clinical trials
Th e phase I to III clinical trial experience with sugam-

madex, investigating its potential to reverse rocuronium, 
vecuronium, and to a lesser extent pancuronium, is quite 
extensive.14 Several studies explored the ability of sugamma-
dex to reverse profound neuromuscular block and reported 
a dose-dependent time to recovery. For example, a phase 
III randomized controlled trial of sugammadex 4.0 mg/kg 
compared with neostigmine 70 μg/kg plus glycopyrrolate 
14 μg/kg in patients with profound neuromuscular block 
(post-tetanic count [PTC] 1-2) found that sugammadex 
was 17- and 15-fold faster at reversing rocuronium- and 

New and Advanced Options in
Neuromuscular Blockade Management

Mark D. Welliver, CRNA, DNP, ARNP
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vecuronium-induced block compared with neostigmine.15 
In a trial of immediate reversal, sugammadex (16 mg/kg) was 
administered 3 minutes after profound neuromuscular block 
was induced with rocuronium and reversal was signifi cantly 
found eff ective and faster compared with patients who under-
went spontaneous recovery from succinylcholine.16 

A systematic review and meta-analysis included 18 ran-
domized controlled trials, which included studies of sugam-
madex for reversal of rocuronium-induced neuromuscular 
blockade at reappearance of 2 TOF twitches (2 mg/kg), 
1 to 2 post-tetanic counts (4 mg/kg), and 3 to 5 minutes after 
rocuronium (16 mg/kg).14 Th e authors concluded that su-
gammadex can reverse rocuronium-induced neuromuscular 
blockade more rapidly than neostigmine, regardless of the 
depth of the block. 

Several additional studies are ongoing or have been com-
pleted that explore the potential role of sugammadex in spe-
cial patient groups, the incidence of residual blockade using 
sugammadex, and comparative outcomes using low or stan-
dard insuffl  ation pressure in laparoscopic cholecystectomy.  

Observation study comparing recovery from deep 
and shallow neuromuscular block: neostigmine 
and sugammadex

Recently, a large multicenter, prospective, observational 
study was undertaken in Italy, which enrolled 359 adult pa-
tients receiving sevofl urane, desfl urane, or propofol mainte-
nance anesthesia for abdominal surgery that required either 
shallow or deep intramuscular block with rocuronium.17 

Only centers familiar with objective TOF monitoring (TOF-
Watch or TOF-Watch SX) participated. Treatment deci-
sions and doses were at the discretion of the investigators 
according to their standard practice. Patients were given the 
reversal agent at T2 reappearance (“shallow/moderate block”) 
or at a post-tetanic count of 1 or 2 (“deep block”). Th e primary 
outcome was time from the start of neostigmine (n=150) or 
sugammadex (n=207) administration to recovery of a TOF 
ratio ⩾0.9. Reversal was signifi cantly faster after sugam-
madex compared with neostigmine in patients with either a 
shallow (2.2 vs. 6.9 min; P�.0001) or deep (2.7 vs. 16.2 min; 
P�.0001) block. No adverse events were reported in either 
group in the fi rst 24 hours postoperative.

Randomized controlled trial comparing recovery in 
laparoscopy patients

A recent randomized controlled trial in 10 sites in 4 
countries explored the comparative recovery times in pa-
tients undergoing laparoscopic cholecystectomy or appen-
dectomy, who were randomized to receive sugammadex 4.0 
mg/kg (n=66) when they were in deep neuromuscular block 
(PTC 1-2), or neostigmine 50 μg/kg plus atropine 10 μg/
kg (n=65) when they had reached shallow/moderate block 
(T2 reappearance).17 Th e primary effi  cacy variable was time 

from the start of reversal agent administration until recov-
ery of the TOF ratio to 0.9. Data were expressed as geomet-
ric means and 95% confi dence intervals (CI). Patients were 
also assessed for residual block and recurrence of blockade. 
Quantitative post-induction neuromuscular monitoring was 
performed continuously at the adductor pollicis muscle.

Time from starting the reversal agent until a TOF ratio 
of ⩾0.9 was reached was signifi cantly less in the sugam-
madex group (2.4; 95% CI; 2.1, 2.7) compared with the 
neostigmine group (8.4 min; 95% CI; 7.2, 9.8). Th ere-
fore, recovery when sugammadex was given during deep 
neuromuscular block was 3.4 times more rapid compared 
with waiting until patients had a moderate neuromuscular 
block before administering neostigmine. Put in the per-
spective of a similar baseline between treatment groups, 
times from the last dose of rocuronium until recovery were 
13.3 (95% CI; 11.6, 15.3) minutes in the sugammadex group 
and 35.2 (95% CI; 30.8, 40.2) minutes in the neostigmine 
group (P�.0001). Times in the operating room and PACU 
were similar between groups, while time from study drug 
administration to tracheal extubation and operating room 
discharge ready were signifi cantly less in the sugammadex 
group (P�.0001 for both comparisons). Th ere was no re-
sidual blockade or recurrence of neuromuscular blockade in 
either group, based on neuromuscular monitoring. Adverse 
events were similar between groups, with the exception that 
5 cases of clinically signifi cant bradycardia occurred in the 
neostigmine group.18 

Applications for Sugammadex
Blocking after reversal with sugammadex

Occasions arise in which neuromuscular block must 
be re-established after reversal. Th e half-life of sugamma-
dex is approximately 2.5 h,19 with >90% excreted within 
24 hours, mostly as unchanged sugammadex. It is feasi-
ble, therefore, that active sugammadex may be circulating 
that could interfere with an attempt to re-paralyze when 
needed after a short interval. A study with Rhesus mon-
keys explored the ability to restore a neuromuscular block 
using rocuronium after reversal with sugammadex.20 Th is 
study evaluated the time course of action of sugammadex 
and aided the authors in developing a model to predict the 
degree of rocuronium-induced block that may be expected 
after prior reversal with sugammadex. Data from a model 
developed using equilibrium constants for the 2 drugs 
suggested that re-establishing a blockage was possible by 
raising the amount of rocuronium present based on esti-
mations of remaining drug.21 Accordingly, a second rever-
sal with sugammadex should be possible by using doses 
between 8 and 20 mg/kg compared with the normal dose 
of 2 to 4 mg/kg. Although these theoretical discussions 
are interesting, the associated costs and increased poten-
tial for inadequate dosing of either drug precludes this as 
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a viable clinical practice. Th e use of benzylisoquinolinium 
NMBAs cisatracurium or atracurium is unaff ected by 
sugammadex and will establish neuromuscular blockade. 
Reversal of benzylisoquinolinium NMBAs must be done 
using cholinesterase inhibitors. Re-paralysis after sugam-
madex can be achieved with standard doses of rocuronium 
only after sugammadex has been cleared from the body. 

 
Can’t intubate / Can’t ventilate

Situations where diffi  cult intubations present a Can’t In-
tubate / Can’t Ventilate (CICV) scenario are extremely rare; 
however, when they occur these emergency situations require 
rapid and decisive management. Because of its rapid reversal 
of rocuronium, sugammadex was suggested as a possible res-
cue drug to be used in CICV situations. Several case reports 
of the use of sugammadex in CICV patients have produced 
mixed opinions. 

A patient with pharyngeal stenosis who was scheduled 
for dilatation under anesthesia had a non-traumatized air-
way; however, limited cervical spine movement suggested 
intubation would be diffi  cult.22 Mask ventilation failed and 
laryngoscopy was not attempted. Th e patient was given 
400 mg sugammadex to allow recovery from rocuronium, 
and had a return of spontaneous breathing. In another 
case report, a morbidly obese (BMI = 38.5 kg/m2) patient 
who could not be intubated was given sugammadex and 
achieved eff ective spontaneous ventilation within 45 sec-
onds after treatment.23

Another recent case report described a patient with upper 
airway pathology who deteriorated into CICV after 3 failed 
intubation attempts.24 Sugammadex successfully reversed 
the neuromuscular block; however, airway patency was not 
restored, and after emergency oxygenation was provided, a 
tracheostomy was performed. Th e authors recommended 
that if sugammadex is to be considered as part of a rescue 
management plan, it should be given prior to repeated air-
way manipulations. In another case with airway pathology, 
sugammadex reversed the rocuronium blockade but did not 
resolve the CICV situation.25 

In summary, there was considerable variation among 
these cases and the specifi c management plans that were 
followed in response. Case reports alone and their incon-
sistent outcomes are not enough to draw conclusions on 
the possible benefi t of sugammadex in CICV cases. De-
spite full reversal of rocuronium-induced neuromuscular 
blockade by sugammadex, continued sedation, respirato-
ry depression, and airway collapse caused by other induc-
tion drugs may predominate. Assessing airway anatomy, 
anticipating diffi  cult intubations, making optimal prepa-
rations, and having backup plans for airway management 
should be continued standard practice without reliance 
of immediate neuromuscular block reversal as a fail-safe 
mechanism.

Sugammadex and Hypersensitivity Reactions
In an early volunteer study, sugammadex infusion was 

stopped at 8.4 mg/kg in a patient with no known history 
of allergy during a fi rst exposure to sugammadex. During 
sugammadex infusion, the patient developed several signs 
and symptoms of a hypersensitivity reaction. Th e reaction 
was self-limiting, and no treatment was required.26 Elevated 
tryptase levels, suggestive of an allergic reaction and follow-
up skin tests showed the subject likely had a hypersensitivity 
reaction to sugammadex. Six incidences overall in the clini-
cal trials (19.4.105, 19.4.106 and 19.4.109) of sugammadex 
have been disclosed that indicate possible hypersensitivity re-
actions.27 In response to this occurrence, other subjects who 
were exposed to sugammadex with signs of possible hyper-
sensitivity were tested. A subsequent study was performed, 
exploring the potential for hypersensitivity symptoms follow-
ing both initial and repeat exposure to sugammadex.27 Th e 
results of this hypersensitivity study are pending. 

Since its approval in 2008, more than 5 million vials of 
sugammadex have been sold. During this interval, some case 
reports of hypersensitivity reactions in clinical practice have 
emerged. For example, 3 patients in Japan had symptoms of 
an allergic reaction with varying degrees of severity within 
4 minutes after receiving 100 mg sugammadex immediately 
before extubation.28 Two of the patients agreed to skin tests, 
which were positive for sugammadex. Signs and symptoms 
of hypersensitivity in the 2 tested patients included cutane-
ous reactions in 1 patient, and hypotension (systolic arterial 
pressure �50 mm Hg), tachycardia (>110 beats/min), gen-
eralized erythema, and increased peak airway pressure from 
24 mm Hg to a maximum of 33 mm Hg in the other. Th e 
third patient developed a wheeze on auscultation, a decrease 
in oxygen saturation from 99% to 91%, and heart rate increase 
to >110 beats/min. Th e authors qualifi ed these reactions as 
“possibly” induced by sugammadex; however, they cautioned 
that practitioners should be alert for the potential develop-
ment of allergic and non-allergic adverse reactions follow-
ing sugammadex administration. Another case in Japan was 
reported and although a hypersensitivity reaction was sus-
pected and successfully treated with epinephrine and corti-
costeroid administration, no follow-up testing was conducted 
to confi rm a specifi c reaction to sugammadex.29 Although 
a hypersensitivity reaction was suspected and successfully 
treated with epinephrine and corticosteroid administration, 
no follow-up testing was conducted to confi rm a specifi c reac-
tion to sugammadex. 29

Other single case experiences of possible drug allergy re-
lated to sugammadex have been reported. A patient in France 
had intense erythema without edema, with a systolic blood 
pressure drop to �45 mm Hg, tachycardia (150 beats/min), 
and oxygen saturation of 40% without bronchospasm.30 A 
subsequent skin test was positive for sugammadex and nega-
tive for all the other drugs used on the patient. A 17-year-old 
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Spanish patient developed a severe reaction 1 minute after 
administration of 3.2 mg/kg sugammadex.31 Th e patient 
had intense erythema over the anterior thorax, severe lip and 
palpebral edema, and bilateral wheeze, with blood pressure 
78/32 mm Hg, and tachycardia (100 to 110 beats/min). 
Subsequent skin testing produced a reaction to sugammadex, 
with no reaction to any of the other drugs tested. Th e authors 
of these case reports postulated that sensitization may have 
occurred through ingestion of cyclodextrins in food. 

In summary, the potential for hypersensitivity to sugam-
madex requires further investigation. Operational concerns 
about the hypersensitivity study were provided to the man-
ufacturer of sugammadex by the FDA in September 2013, 
and are being addressed.32 

Education, Guidelines, and Teamwork in the 
Management of Surgical Patients

Th e report from the large, prospective, observational 
study comparing neuromuscular block reversal using either 
neostigmine or sugammadex provided valuable eff ectiveness 
data on the ability of sugammadex to reverse the eff ects of 
rocuronium in the real world.33 Perhaps equally as impor-
tant is the insight that study provided into the variability of 
behavior among clinical anesthetists. Th e authors reported 
that there was considerable variation in the doses of reversal 
agents used, despite clear dosage information in the prescrib-
ing information for both drugs. Doses used were lower than 
suggested for both shallow /moderate and deep block rever-
sal for 79% of sugammadex and 55% of neostigmine group 
patients. In addition, the study required the use of objective 
TOF monitoring. Despite this monitoring, 4.5% of patients 
were tracheally extubated when their TOF ratio was �0.9. 
Finally, 29% of patients did not have TOF ratio data for the 
study-defi ned 10-minute and 20-minute time points, pre-
cluding determination of postoperative residual block.  

Th e lack of consistency in practice clearly indicates 
that evidence-based guidelines defi ning best practices for 
monitoring and managing perioperative administration of 
NMBAs are needed.34,35 Th is need is supported by experts 
in the fi eld.36-38 Standards can guide but are not intended to 
replace institutional policies, and they can have a motivat-
ing infl uence on developing policies and procedures that are 
more consistent with available evidence. Practice standard 
Ve by the American Association of Nurse Anesthetists calls 
for monitoring neuromuscular responses to assess depth of 
blockade and degree of recovery.39 

Additional practice guidelines for postanesthetic care up-
dated by the ASA in 2013 also recommend assessment of 
neuromuscular function during emergence and recovery for 
patients who received non-depolarizing NMBAs.40 In ad-
dition, the guidelines recommend that specifi c antagonists 
for reversal of “residual” neuromuscular blockage should be 
administered when indicated. 

Clarifi cation of context and consistency of terms are need-
ed. For example, published assertions are that there is no evi-
dence that neuromuscular monitoring decreases the incidence 
of residual paralysis.41 Th ese authors have acknowledged that 
the use of peripheral nerve stimulators to maintain a level of 
neuromuscular block at TOF count of 1 may be too deep to 
eff ectively reverse using cholinesterase inhibitors. Intraopera-
tive monitoring should guide managing the appropriate level 
of block considering the reversal drug at the conclusion of 
surgery. Shallow to moderate neuromuscular block, defi ned 
as the return of the second twitch on TOF count, may be bet-
ter to consider when reversing with cholinesterase inhibitors. 
Deeper levels of neuromuscular block, including profound 
(PTC 1-2), should be reserved only for cases where necessary 
and adequate time for signifi cant spontaneous recovery can be 
allowed. Th e use of post-tetanic facilitation to assess for low 
level residual paralysis may be of benefi t after reversal. Ad-
ditionally, clinical assessments, including head lift and tongue 
depressor (bite test), off er better indication of recovery than 
TOF count alone. Th e use of accelerometry and TOF ratios 
may improve the management of neuromuscular blockade 
as it provides more reliable and objective data than that de-
rived from peripheral nerve stimulators. TOF ratio diff ers 
from TOF count as it refers to height of the fourth twitch 
compared to the fi rst. Train-of-four ratio is more diffi  cult to 
assess by visual or tactile assessment and is usually reserved 
to accelerometry measurements. More guided and consistent 
management of neuromuscular blockade is needed.  

Th e potentially catastrophic eff ect of a lack of implemen-
tation guidelines was demonstrated in a European simu-
lation study that included 18 anesthetic 2-person teams 
(staff  physician anaesthetist and nurse anaesthetist or nurse 
anaesthetist and anaesthetic trainee).42 Th e teams were in-
structed to use sugammadex to antagonize the eff ects of 
rapid sequence induction with a high dose of rocuronium 
for a case that had deteriorated into a “can’t intubate/can’t 
ventilate” situation. Sugammadex was kept in a central stor-
age room rather than on a crash cart or other immediately 
available source. Th e elapsed time to administer sugam-
madex was 6.7 minutes and was not diff erent between the 
2 staff  groupings. Assuming 2.2 minutes for sugammadex 
to achieve its eff ect, a total of 8.9 minutes would have passed 
before the patient reached a TOF ratio of 0.9. Th is delayed 
administration could have been fatal if a real patient were 
involved. In addition to the time to go to the storage room 
and return, other factors that contributed to delays were 
searching for sugammadex by brand name rather than ge-
neric name, and taking time to read the package insert. In 
addition, dosing errors were made by 88% of the teams. Ten 
(56%) teams gave less, and 4 (22%) gave a dose that was 
higher than the recommended dose for that patient. One 
team discovered they were preparing rocuronium instead 
of sugammadex, having removed the wrong drug from the 
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storage room. Th e authors attributed the errors to a lack of 
familiarity and limited education, and recommended that 
a strict protocol should guide the introduction and use of 
infrequently used medicines, accommodating factors that 
contribute to human error.

The Importance of Communication and 
Coordination Between the Surgeon, 
Anesthesiologist, and Nurse Anesthetist

Poor communication is implicated in nearly 80% of ad-
verse events in health care.43 Th e barriers to eff ective com-
munication in the chaotic OR setting was identifi ed as the 
third-most important practice issue by AANA member 
nurse anesthetists.44 European counterparts, in a qualita-
tive survey study of factors that positively and negatively 
aff ect the work environment of nurse anesthetists in Nor-
way, found collaboration through teamwork was reported 
as a crucial factor for favorable work conditions.45 

Eff ective communication and coordination are essential 
among the surgical team to ensure improved outcomes and 
fewer complications in patients requiring neuromuscular 
blockade. A wide range of outcome criteria contribute to a 
successful operation, and their measurement can allow as-
sessment of the eff ectiveness of the management plan. 

A 1-week online survey conducted in 2012 explored 
the opinions of surgical and anesthesia providers regard-
ing communication and collaboration.46 A total of 507 re-
spondents representing all demographic areas in the United 
States included 202 anesthesiologists, 50 registered nurse 
anesthetists, and 255 surgeons. Ninety-three percent of 
anesthesiologists and 86% of nurse anesthetists reported 
that communication with surgeons has an impact on their 
ability to manage the anesthesia plan. Likewise, 88% of 
surgeons believed that communication with the anesthesia 
team impacts their ability to manage the surgical procedure. 

Most of the respondents believed that several strategies 
and tools could be somewhat or very eff ective at improv-
ing collaboration and communication in the OR, includ-
ing assuring understanding of the surgical and anesthesia 
plan by the anesthesia providers and surgeons, reaching an 
agreement on the overall anesthesia plan before the surgery 
begins, and having a checklist of guidelines to streamline 
communication at all stages of an operation. Th e lesser in-
terest in a checklist is in contrast to the reported success of 
a World Health Organization Surgical Safety Checklist.47  
Pilot test data showed major postoperative complications 
decreased by one-third after introduction of the checklist, 
and inpatient deaths by more than 40%. 

Team communication and collaboration are important 
not only for assurance of safe and eff ective care, but also for 
the establishment of a positive work environment. Patient 
safety depends on clear understanding and communication 
of each team member’s role, responsibilities, and require-

ments. Team members who collaborate can ensure planned 
improvements are given appropriate opportunities for success.
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CNE Posttest

1. Which of the following groups of agents include a hypnotic, 
an analgesic, and a neuromuscular blocking agent, in that 
order?
A. Desfl urane, etomidate, tramadol
B. Isofl urane, propofol, fentanyl
C. Propofol, tramadol, cisatracurium
D. Nalbuphine, fentanyl, vecuronium

2. A train-of-four ratio of 0.20
A. Means there were 2 twitches in response to the 

4 electrical impulses.
B. Is equivalent to 80% of receptors blocked.
C. Designates the appropriate time to reverse the 

blockade with neostigmine.
D. Indicates that the height of the fi rst twitch was 

5 times that of the fourth twitch.

3. Which requires a greater level of neuromuscular block: 
pelvic or subdiaphragmatic surgery?
A. Pelvic
B. Subdiaphragmatic
C. They both require the same blockade level.
D. They are the same if the subdiaphragmatic surgery 

is a liver resection.

4. Neostigmine treatment
A. Induces neuromuscular blockade reversal less rapidly in 

febrile patients. 
B. Requires co-administration of an anticholinergic drug.
C. Reliably reverses deep neuromuscular block.
D. Is not associated with residual paralysis if given when 4 

TOF twitches are present. 

5. Which of the following non-depolarizing neuromuscular 
blocking agents is not an aminosteroid?  
A. Atracurium
B. Rocuronium
C. Vecuronium
D. Pancuronium

6. Which of the following is a long-acting non-depolarizing 
neuromuscular blocking agent?
A. Pancuronium
B. Atracurium
C. Cisatracurium
D. Rocuronium

7. Qualitative neuromuscular function monitoring
A. Produces valid and reliable assessment of TOF ratios. 
B. Is commonly done using acceleromyography.
C. Is the only monitoring method available outside the 

research setting.
D. Requires visual or tactile assessments of response to 

peripheral nerve stimulation.

8. Which of the following is true about sugammadex?
A. It acts through irreversible encapsulation of all 

neuromuscular blocking agents.
B. It is a modifi ed cyclodextrin, with a central 

hydrophilic cavity.
C. It is effective at reversing the neuromuscular block 

induced by all neuromuscular blocking agents.
D. It has been approved for reversing neuromuscular 

blockade in more than 50 countries since 2008.

9. In the randomized controlled trial comparing sugammadex 
(deep block) with neostigmine (moderate block) in 
laparoscopic cholecystectomy or appendectomy patients
A. Time from reversal agent administration to recovery of 

a TOF ratio �0.9 was similar in both groups; however, 
time from last rocuronium dose until adequate recovery 
was signifi cantly less in the sugammadex group.

B. Times in the operating room and PACU were signifi cantly 
greater in the neostigmine group compared with the 
sugammadex group.

C. Both time from reversal agent administration to recovery 
of a TOF ratio �0.9 and time from last rocuronium dose 
until adequate recovery were signifi cantly less in the 
sugammadex group.

D. Five cases of clinically signifi cant bradycardia occurred 
in the sugammadex group.

10. Which of the following is true about sugammadex and 
hypersensitivity?  
A. It has been observed only at doses �16 mg/kg.
B. No postmarketing cases have yet been reported.
C. There have been no reported cases of anaphylaxis.
D. Sensitization to sugammadex may have been produced 

by cyclodextrins in food.
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2. Read the articles, including the tables and illustrative materials.
3. Proceed to the CNE Registration Form. Type or print your name, 

address, and date of birth in the spaces provided. 
4. Answer each test question by circling the letter corresponding to the

correct answer or by entering it in the space provided on the registration 
form. Be sure to retain a copy of your answers for your records.

5. Complete the evaluation portion of the CNE Registration Form. 
CNE Registration Forms will be returned to you if the evaluation is
not completed.
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 Vindico Medical Education
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6. I plan to make the following changes to my practice: 

Y = Yes          N = No          2 = I Already Do This in My Practice        1 = Not Applicable

Examine the literature for evidence about emerging agents         Y  N  2  1
Will be more diligent in monitoring procedures         Y  N  2  1
Will try to foster better communication among members of the surgical team       Y  N  2  1
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7. These are the barriers I face in my current practice setting that may impact patient outcomes:

Lack of evidence-based guidelines Yes    No
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Treatment-related adverse events  Yes    No
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8. This activity supported achievement of each of the learning objectives.          Yes    No
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_______________________________________________________________________
_______________________________________________________________________ 

9. I see the following number of patients per month who require deep neuromuscular 
blockade: 

A. �10
B. 10 to 25
C. 26 to 50
D. �50

10. Please list CNE topics that would be of value to you. 
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CNE ACTIVITY REQUEST

 ❏ Yes, I would like the opportunity to earn CNE credits through activities sponsored by  
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EVALUATION (must be completed for your CNE Quiz to be scored)

Please circle answers neatly and write legibly.

1. The content covered was useful and relevant to my practice.  Yes    No

2. The activity was presented objectively and was free of commercial bias.  Yes    No
    [Please use the additional comments fi eld below to provide further information.] 

Additional comments regarding bias:  _____________________________________________
___________________________________________________________________________

___________________________________________________________________________

3. Based on the information I learned during this activity, I feel more confi dent 
    in treating patients within my practice.                                      Yes    No

4. Knowledge acquired from this activity will be utilized to improve
    outcomes in my patients.                                                        Yes    No  

5. Future activities concerning this subject matter are necessary.                  Yes    No   
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