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ABSTRACT
LAURA CORNETTE. Development Of An Intraoperative Cognitive Aid To Guide Neostigmine
Use For Pharmacologic Reversal Of Neuromuscular Blockade.
(Under the direction of DR. STEPHANIE WOODS)

Insufficient recovery from non-depolarizing neuromuscular blocking agents results in
impaired pulmonary and upper airway mechanics and increases patients’ risk of experiencing
adverse respiratory events postoperatively (Kheterpal et al., 2020; Rudolph et al., 2018a; Leslie
et al., 2021; Saager et al., 2019). Postoperative pulmonary complications (PPCs) are associated
with an increase in hospital length of stay, rate of readmission, and overall morbidity and
mortality (Kheterpal et al., 2020). The incidence of residual neuromuscular blockade following
general anesthesia remains as high as 60% despite the standard use of anticholinesterase reversal
agents (Saager et al., 2019). A quality improvement project (QI) was conducted to determine if
anesthesia providers’ practices using neostigmine to antagonize neuromuscular blockade were
consistent with current evidence-based clinical recommendations. A survey was distributed to all
anesthesia providers at a level-1 trauma center, and data was collected anonymously over one
month. While 96.1% of respondents correctly identified the mechanism of action of neostigmine,
about half of these respondents failed to recognize the correct peak effect of neostigmine. The
survey results also revealed significant provider variability in dosing neostigmine according to
the number of twitches elicited using a peripheral nerve stimulator in the train-of-four mode. The
survey results were compared to the practice guidelines identified in the literature review and
analysis to describe educational opportunities surrounding neostigmine use at this facility. The
survey findings and literature synthesis informed the creation of an intraoperative cognitive aid

to guide the reversal of muscle paralysis using neostigmine. This QI project recommends



ongoing evaluation and analysis of practice trends to promote best practices consistent with

contemporary literature.
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CHAPTER 1: INTRODUCTION

The introduction of non-depolarizing neuromuscular blocking agents (nNMBAS) into
clinical practice revolutionized surgery and substantially decreased the mortality rate of general
anesthesia (Barash, Bieterman, & Hersey, 2015). In current practice, anesthesia providers
routinely administer nNNMBASs intraoperatively to optimize surgical exposure, facilitate tracheal
intubation, and control patients' ventilation. Although the introduction of NNMBAS provided
countless tangible benefits, NNMBAs also presented new challenges that modern clinicians are
still tackling. At the forefront of these challenges is the incomplete recovery from nNMBAS
causing residual muscle weakness.

The potential for residual neuromuscular blockade (NMB) to cause clinically relevant
problems has been established for decades (Brull & Kopman, 2017). However, in more recent
years, the subject garnered more attention as several studies concluded that residual NMB,
defined as a Train-of-Four ratio (TOFR) less than 0.9, was an independent risk factor for the
development of critical postoperative pulmonary complications (PPCs) (Kheterpal et al., 2020;
Rudolph et al., 2018a; Leslie et al., 2021; Saager et al., 2019; Aytac et al., 2018; Fortier et al.,
2015). Despite technological advancements in NMB monitoring modalities and the introduction
of a novel reversal agent—sugammadex, residual NMB in the post anesthesia care unit (PACU)
remains a prevalent problem (Saager et al., 2019). Proper monitoring of neuromuscular depth
and effectively dosing pharmacologic reversal agents according to evidence-based techniques
may reduce the burden of residual NMB, attenuate preventable adverse respiratory events, and

enhance patient safety.



A quality improvement (QI) project focusing on the evidence-based reversal of
neuromuscular blockade using neostigmine/glycopyrrolate was conducted as a part of a larger QI
project on the overarching topic of evidence-based neuromuscular blockade management. The
QI project also investigated qualitative monitoring of the neuromuscular junction (NMJ) using
the peripheral nerve stimulator (PNS) and reversal using sugammadex. Each arm of the QI
project was used to inform the creation of a comprehensive intraoperative cognitive aid to
provide evidence-based guidelines for monitoring techniques and pharmacologic reversal
strategies to reduce residual neuromuscular paralysis. A brief description of monitoring the NMJ
using the PNS is provided for context, as its use directly guides the dose selection of neostigmine
to reverse muscle paralysis.

Background

Anticholinesterase medications have been the mainstay for pharmacologic reversal of
nNNMBASs for decades of clinical practice (Tajaate et al., 2018). Various clinical studies have
demonstrated that routine reversal with the anticholinesterase neostigmine is essential to
antagonize residual NMB (Trameér & Fuchs-Buder, 1999). However, there is also ample
evidence confirming the presence of persistent residual neuromuscular (NM) dysfunction even
following the administration of neostigmine (Kim et al., 2019; Aytac et al., 2018; Fortier et al.,
2015). In a 2017 article published in Anesthesiology, Brull & Kopman reported that 20-40% of
patients demonstrated objective signs of residual paralysis in the PACU after the administration
of anticholinesterase reversal.

Neostigmine is the most widely used anticholinesterase reversal agent (Hristovska, 2017).
Neostigmine antagonizes nNMBAs by indirectly increasing acetylcholine (Ach) concentrations.

Specifically, neostigmine inhibits the acetylcholinesterase enzyme that is responsible for the



degradation of Ach, increasing the amount of Ach available to bind to NMJ receptors and
depolarize the muscle fiber (Hristovska, 2017). Glycopyrrolate, an anticholinergic agent, is given
to counteract the unwanted cholinergic side effects of neostigmine, including bradycardia,
increased salivation, and bronchoconstriction. One of the most significant advantages of
neostigmine is the drug’s ability to reverse aminosteroidal and curariform types nNMBAs. Other
benefits of neostigmine include low costs and robust data related to clinical practice (Luo et al.,
2018).

The dose and timing of neostigmine administration can substantially influence the drug’s
efficacy. The selection of an appropriate dose of neostigmine is a complex subject. Underdosing
neostigmine may exacerbate the potential respiratory impairment associated with residual NMB,
while overdosing neostigmine could result in a paradoxical depolarizing block (Kent et al.,
2018). Anesthesia providers must use caution in relying on subjective clinical indicators of
recovery to guide their pharmacologic reversal strategy using neostigmine, as current literature
reveals that clinical signs such as grip strength, tongue protrusion, and a 5-second head lift that
indicate a progressive recovery from neuromuscular blockade may not accurately reflect a
patient's ability to maintain satisfactory airway patency (Nagelhout, 2018). Additionally, reliance
on clinical indicators of recovery can underestimate the depth of NMB, leading providers to
select an insufficient dose of neostigmine/glycopyrrolate. There is considerable variation in
practice techniques for dosing neostigmine. While clinicians' practice environments may
influence the dose selection, many providers are concerned that adverse effects such as cardiac
arrhythmias and postoperative nausea and vomiting have the greatest impact on their

neostigmine dose selection (Lien, 2010).



Consideration of the pharmacokinetic profile of neostigmine strongly influences the
timing of administration. Dubovoy et al. (2016) found that tracheal extubation often occurs
before neostigmine's peak effect at 10 minutes. Tracheal extubation prior to the return of upper
airway protective reflexes may result in obstruction, aspiration, or the need for reintubation
(Kirmeier et al., 2019). There is a growing body of literature supporting that neostigmine can
produce more efficient and reliable recovery from nNMBAs when administered at a higher TOF
count (Brull & Murphy, 2010).

A PNS is often used to gauge the depth of remaining paralysis at the NMJ. The reversal
dose of neostigmine should be selected according to the subjectively assessed depth of NMB
(Murphy, 2018). Electrical stimulus using the PNS is conducted through gel electrodes placed on
the skin along the desired nerve tract. The Train-of-Four (TOF) mode, which provides four
electrical stimuli 0.5 seconds apart at a supramaximal muscle contraction current, is the most
commonly used PNS modality (Murphy, 2018; Naguib et al., 2018). The number of responses
elicited to the four stimuli is termed the train-of-four count (TOFC). Moreover, the Train-of-Four
Ratio (TOFR), comparing the amplitude of the fourth twitch to the amplitude of the first twitch
to produce a numerical value, correlates with recovery at the NMJ (Thilen & Bhananker, 2016).
It is imperative to recognize the limitations of using tactile and visual assessments of muscle
response to detect residual weakness (Brull & Silverman, 1993). Lien (2010) notes that when
four twitches of equal strength are present, clinicians are unable to distinguish between a TOFR
of 0.6-0.9.

Problem Statement
Residual paralysis following general surgery is a significant risk factor implicated in the

development of major pulmonary complications. Kirmeier et al. (2019) found that patients



demonstrating a TOFR of less than 0.9 exhibited impaired respiratory control during hypoxia,
increased propensity for airway obstruction, and higher aspiration rates. PPCs, including
respiratory failure, the need for reintubation within 24 hours, and pneumonia, are associated with
pathophysiologic, financial, and emotional burdens. According to a multicenter, prospective
study conducted by Kirmeier et al. (2019), approximately 5% of adult patients undergoing non-
cardiac surgery will experience a major PPC, resulting in increased mortality and $100,000 in
additional costs per occurrence. As the number of surgical procedures performed annually
continues to rise exponentially, accurate monitoring and prudent reversal of NMB are essential
components of safe anesthesia practice. Several studies implicate considerable variation in
provider reversal management and inter-individual pharmacologic variability as important
influencers for residual NMB (Ji et al., 2021; Murphy, 2018; Saager et al., 2019). Although
reversal of neuromuscular paralysis using neostigmine/glycopyrrolate is performed daily during
the delivery of anesthetics, there is not a standardized approach to dose selection or timing of
administration. Current literature supports that using an algorithm-based approach to select the
optimal dose of neostigmine can reduce the incidence of residual NMB (Brull & Murphy, 2010).
Reducing the incidence of residual NMB is a key, modifiable risk factor to improve
postoperative outcomes for patients and healthcare systems
Clinical Question

In adult surgical patients requiring neuromuscular paralysis, how does best-practice
evidence in the literature, compared to current knowledge and practice, inform the development
of a clinical cognitive aid focused on the reversal of neuromuscular blockade using
neostigmine/glycopyrrolate?

Purpose



The broad aim of this quality improvement project was to identify current practice habits
surrounding the monitoring and management of neuromuscular blocking agents among
anesthesia providers at a single facility. The QI project elicited feedback on foundational
knowledge and practice techniques for using neostigmine/glycopyrrolate as a reversal agent
through surveying methods. A comprehensive review and synthesis of the current literature were
necessary to evaluate the safety and efficacy of neostigmine/glycopyrrolate as a longstanding
reversal agent and summarize the updated recommendations for its use. Current practice trends
for NMB reversal using neostigmine/glycopyrrolate were identified and analyzed in relation to
best practices in current literature. Findings informed the guidelines for
neostigmine/glycopyrrolate use that were included in the cognitive aid.

CHAPTER 2: LITERATURE REVIEW

A literature review was conducted using the search terms "neostigmine,” "neuromuscular

blockade," "residual paralysis,” "neuromuscular monitoring,” "sugammadex,” "postoperative
pulmonary complications,” "reversal,” "general anesthesia," and "delayed emergence.” An
extensive electronic search was completed using multiple databases, including PubMed, Science
Direct, Cochrane Database of Systematic Reviews (CDSR), and CINAHL Complete. Relevant,
peer-reviewed articles and research published from 1985 through 2021 with full-text availability
in the English language were included. Studies that included non-human subjects, patients less
than 18 years of age, and emergency and outpatient surgery were excluded
Neostigmine for Reversal of Neuromuscular Blocking Agents

Background

Neostigmine was first introduced to clinical practice in 1931 (Neely et al., 2021). As

such, neostigmine's mechanism of action and safety profile have been extensively studied, and



there is robust supporting data to inform clinical practice. Following a comparative meta-analysis
of 14 studies that included randomized controlled trials (RCTs) and retrospective trials, Ji et al.
(2021) concluded that neostigmine substantially shortens the time to extubation and post-
anesthesia care unit (PACU) length of stay. Notably, this study only compared the administration
of neostigmine with spontaneous recovery from a non-depolarizing block in the control group —
indicating that neostigmine was more effective than omitting the administration of a reversal
agent (Ji et al., 2021). Similarly, in a propensity-matched study of over 2500 cases from the
National Surgery Quality Improvement Program Database, researchers at the Vanderbilt Medical
Center concluded that “cases who were not reversed were 2.26 times as likely to develop
pneumonia after surgery compared to cases who received reversal with neostigmine” (Bulka et
al., 2016).
Indications

Neostigmine is an acetylcholinesterase inhibitor widely used to accelerate the reversal of
nNNMBASs and recovery of the NMJ at the end of surgery (Hristovska et al., 2017). Neostigmine
is FDA approved to reverse the effects of NNMBAs after surgery and prior to attempting tracheal
extubation (Neely et al., 2021). Neostigmine acts by blocking the breakdown of acetylcholine at
the NMJ to compete with the existing non-depolarizing blocking drug for receptor-binding sites.
(Neely et al., 2021). The resultant increased concentration of acetylcholine present at the NMJ
causes muscles to contract with full strength, allowing patients to initiate independent ventilation
and protect their airways prior to tracheal extubation (Kim et al., 2019).
Pharmacology

Anesthesia providers must have a comprehensive understanding of the pharmacologic

profile of neostigmine to optimize patients’ respiratory function at the time of extubation. The



onset of action of neostigmine is typically within 1 min, with peak antagonistic effects occurring
between 7 and 10 min and up to 15 minutes following neostigmine administration (Neely et al.,
2021; Flood, Rathmell & Shafer, 2015). In an update published reevaluating the safety and
efficacy of neostigmine for reversal of nNMBAs, Luo et al. (2018) noted the elimination half-life
of neostigmine to be 77 minutes. Importantly, this half-life may be prolonged by increasing age,
impaired renal function, concomitant anesthetics, decreasing body temperature, the type and dose
of NNMBA used, and acid-base status (Miller et al., 2014).
Dosing Neostigmine Administration

Neostigmine should be dosed according to actual body weight (Ji et al., 2021). The
recommended dose of neostigmine for the reversal of nNMBAs is 0.03-0.07 mg/kg. Traditional
teaching states that the maximum dose of neostigmine is 5 mg (Neely et al., 2021). However,
because neostigmine is dosed according to actual body weight, the maximum safe doses of 0.06-
0.08 mg/kg may exceed 5 mg. The literature consistently supports that there is no added benefit
beyond these doses due to the previously discussed plateau effect (OpenAnesthesia, 2022). The
standard recommended doses of neostigmine according to TOFC described in the literature are
0.05-0.07 mg/kg when the TOFC=3 and 0.03-0.05 mg/kg when the TOFC=4 (Caldwell, 2009).
However, efforts to pinpoint a dose-response curve for neostigmine have concluded largely
variable results, making selecting the exact dose to achieve optimal recovery increasingly
complex (Murphy, 2018). In a prospective, randomized controlled study, Kim et al. (2004) found
that 15 minutes following neostigmine administration, only 95% of patients had achieved a
TOFR>0.9. Kirkegaard et al. (2002) reported a range as wide as 7-143 minutes for patients to
reach a TOFR of 0.9 when four tactile TOF responses were present at the time of reversal with

neostigmine. Conversely, Schaller et al. (2010) reported that the administration of 0.034 mg/kg



of neostigmine achieved adequate recovery in five minutes for patients with a TOFR between
0.5-0.9. The literature consistently reports that the dose of neostigmine must be selected based on
the extent of remaining neuromuscular paralysis. In addition to using a PNS to assess the depth
of residual NMB, providers must consider the half-life of the nNMBAs used and the adjuvant
anesthetics used to select the ideal dose of neostigmine (Luo et al., 2018).
Timing Neostigmine Administration

In a randomized control trial of 120 patients, Murphy (2018) emphasized the time of
tracheal extubation as a critical point to assess the burden of residual NMB. There is a growing
body of evidence that suggests lower doses of neostigmine are more efficacious for antagonizing
shallow residual neuromuscular block (Brull & Murphy, 2010). Reduced doses of neostigmine as
low as 0.02 mg/kg appear to be sufficient to antagonize shallow degrees of residual paralysis
(Preault et al., 2016). Plaud et al. (2010) reported that successful reversal with neostigmine is
highly dependent upon achieving a greater degree of spontaneous recovery before
administration. Further systematic reviews by Kim et al. (2004) and Kirkegaard et al. (2002)
substantiated these claims, concluding that completeness of reversal was maximized when there
were four observable twitches present on the TOF assessment.
Deep Neuromuscular Blockade

One notable drawback of using neostigmine as a reversal agent is the inability to
effectively antagonize deep levels of NMB. Multiple studies have repeatedly demonstrated that
neostigmine cannot reverse profound NMB, evidenced by the presence of only post-tetanic
twitches or a TOFC<2 (Brull & Kopman, 2017). Once neostigmine has inhibited almost all of
the anticholinesterase enzyme, further administration cannot accelerate recovery (Luo et al.,

2018). Therefore, neostigmine reversal should be attempted if a deep degree of NMB is present.
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Neostigmine use for reversal is deemed clinically appropriate once a patient has recovered to a
TOFC of two or greater (Sasaki et al., 2014). In an updated study of 48,449 patients aimed to
investigate the association between the dose of neostigmine given and the incidence of
respiratory complications, McLean et al. (2015) defined appropriate use of neostigmine as doses
less than or equal to 0.06 mg/kg after the recovery of two or more TOFC. Researchers concluded
that when neostigmine was used appropriately, the previously noted association between
nNNMBASs and a dose-dependent increase in respiratory complications was eliminated (McLean et
al., 2015). In other words, when neostigmine was used according to the appropriate criteria, the
total dose of NNMBAs could no longer be used to predict the risk of respiratory complications
(McLean et al., 2015).
Paradoxical Block

There is debate in the literature concerning the potential for neostigmine to cause a
paradoxical depolarizing block if administered after spontaneous recovery to a TOFR > 0.9. Kent
et al. (2018) suggest that overdosing neostigmine could also lead to a depolarizing block from
excessive acetylcholine, extending the amount of time for NMJ recovery and subsequent
extubation. Conversely, Murphy et al. (2018) concluded that “administration of neostigmine at
neuromuscular recovery was not associated with clinical evidence of anticholinesterase-induced
muscle weakness" (p. 35). In an attempt to elucidate a specific dose-response relationship of
neostigmine according to the TOFR, Fuchs-Buder et al. (2016) found that increasing the dose of
neostigmine from 10 mcg/kg to 30 mcg/kg decreased recovery from a TOFR of 0.4 to 0.9 or 1.
The findings from Fuchs-Buder et al. (2016) agree with the suggestion that overestimating the
dose of neostigmine can result in delayed recovery. Interestingly, however, this same study did

not note a similar pattern when an 'overestimated’ dose was given at a TOFR of 0.6.
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Limitations of Use

Anesthesia providers must be aware of the limitations and clinical precautions associated
with using neostigmine. The inherent pitfalls of an indirect-acting reversal agent, such as limited
and unpredictable efficacy, also must be taken into account in clinical practice (Hristovska et al.,
2017). The limited efficacy associated with neostigmine is often explained by a 'ceiling effect’
that occurs at a dose of 0.07 mg/kg. Neostigmine's effectiveness reaches a plateau even once
100% of the acetylcholinesterase enzyme is inhibited due to a neurotransmitter control
mechanism restricting the further release of acetylcholine. (Fuchs-Buder, 2016).

Moreover, discrepancies exist in the literature about whether or not neostigmine can truly reduce
the incidence of residual paralysis. Sasaki et al. reported a similar incidence of residual NMB
regardless of whether or not patients received neostigmine. Fortier et al. confirmed these findings
in a blinded, multicenter, prospective study. On the other hand, current studies identified that
appropriate dosing of neostigmine to reverse residual paralysis can effectively eliminate any
increased risk for respiratory complications (Bulka et al., 2016; McLean et al., 2015).

Another key consideration of neostigmine's use highlighted in the literature is the need
for co-administration of an antimuscarinic agent such as glycopyrrolate or atropine (Tajaate et
al., 2018). Several sources emphasized that the appropriate selection of an antimuscarinic agent
based on an onset time that closely matches the onset time of neostigmine is crucial to reliably
attenuate the undesirable effects of muscarinic stimulation (Evers et al., 2011). Multiple studies
supported glycopyrrolate as a preferred choice due to its similar onset of action and a lesser
degree of tachycardia (Evers et al., 2011; Li et al., 2021).

Adverse Effects
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Of particular concern to the anesthesia provider are the potential negative cardiac and
respiratory effects associated with the effects of neostigmine binding at muscarinic receptors.
Neostigmine can produce potentially serious bronchoconstriction and bradyarrhythmias, such as
junctional escape rhythms and even asystole. (Li et al., 2021). One study noted the incidence of
cardiac adverse effects in geriatric patients that received neostigmine to be 14% (Luo et al.,
2018). Notably, dysrhythmias only occurred in patients with preexisting cardiac disease (Luo et
al., 2018). In a retrospective cohort study that reviewed 98,147 cases, researchers only found
significant associations between anticholinesterase reversal and an increased risk of
cardiovascular complications if patients were of advanced age, undergoing high-risk surgery, or
had a history of atrial fibrillation (Shaydenfish et al., 2020).

Administering a ratio of 0.02 mg of glycopyrrolate per 1 mg of neostigmine is ubiquitous
in clinical practice and has been for decades (Howard et al., 2017). A meta-analysis conducted
by Howard et al. (2017) was one of the first studies to reevaluate glycopyrrolate as the
conclusively superior antimuscarinic agent. Ultimately, the analysis demonstrated that
glycopyrrolate was the most efficacious, with the lowest incidence of unwanted adverse effects
(Howard et al., 2017). Glycopyrrolate is typically effective in avoiding unwanted decreases in
heart rate and, subsequently, cardiac output and in counteracting the increased secretion
production that results from neostigmine administration. However, it is imperative that providers
be vigilant of the sympathetic nervous stimulation caused by glycopyrrolate, as research reflects
the inability of patients with certain preexisting cardiac comorbidities to tolerate such stimulation
(Shaydenfish et al., 2020).

Additional commonly experienced adverse side effects reported in the literature included

increased secretions, nausea, miosis, and increased peristalsis (Li et al., 2021). There is a
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common belief by some clinicians that neostigmine use leads to an increased incidence of
postoperative nausea and vomiting (PONV). In a qualitative review of numerous prospective
clinical studies, Gan (2006) suggests that the relationship between neostigmine use and PONV is
dose-dependent, with only high doses (50 x«g/kg) increasing the risk. Other reviews concluded no
difference in the rates of PONV regardless of neostigmine use (Cheng et al., 2005).
Neostigmine vs. Sugammadex

The recent FDA approval of a direct-acting reversal agent with a unique mechanism of
action fueled numerous comparative studies analyzing the chief differences between neostigmine
and sugammadex and the respective clinical practice implications. Collectively, many studies
agree on the benefits of a more rapid and effective reversal devoid of the unwanted muscarinic
effects with sugammadex compared to neostigmine (US Food and Drug Administration, 2015).
In a Cochrane systematic review that examined 41 studies, including 4206 participants,
Hristovska et al. (2017) concluded that sugammadex is more efficient at reversing
neuromuscular blockade than neostigmine. Sugammadex was 6.6 times faster than neostigmine
in achieving a TOFR >0.9 when the TOFC accounted for two twitches and 16.6 times faster
when the patient was under profound paralysis (Hristovska et al., 2017). Gelder et al. (2012)
conducted a randomized control trial including 140 patients, revealing that sugammadex
provided a superior reversal compared to neostigmine. In addition to sugammadex being 3.4
times faster than neostigmine, 94% of the patients who received sugammadex recovered within
five minutes of administration, compared to 20% of the patients treated with neostigmine (Gelder
et al., 2012). Hristovska et al. (2017) found that sugammadex caused 40% fewer adverse events,

including PONV, bradycardia, and the need for supplemental oxygen, compared to neostigmine.
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Although literature favoring sugammadex over neostigmine exists, several studies have
also failed to identify a definitive link between a greater reduction in adverse pulmonary
outcomes with sugammadex than neostigmine. In a prospective, double-blinded RCT published
in the Journal of Clinical Anesthesia, Kim et al. (2019) found no significant differences in the
Postoperative Quality Recovery Scale at 15 min and 40 min after surgery between patients
receiving neostigmine compared to sugammadex. Likewise, the results of a prospective
observational study of 22,803 patients conducted by Kirmeier et al. (2019), concluded no
improvement in pulmonary outcomes when sugammadex was used compared to neostigmine or
when patients were extubated at a TOFR of 0.9. Furthermore, Abola et al. (2020) conducted a
randomized control trial and found no difference in the patient's inspiratory spirometry scores
regardless of whether the patient received neostigmine or sugammadex. In this study, the hand
strength, extubation time, and discharge readiness were all comparable across the neostigmine
and sugammadex groups. Notably, a limitation of this study was the higher percentage of
patients in the neostigmine group that were reversed with two to four twitches, inferring that the
neostigmine group had a less profound neuromuscular block (Abola et al., 2020). Finally, in
Japan, where sugammadex is used routinely used on most patients, researchers conducted a
multicenter observational study. They found that, in the absence of neuromuscular monitoring
and after reversal with sugammadex, 9.4% of patients still had a TOFR<0.9 after extubation
(Kotake et al., 2013).

Summary of Findings in the Literature

Neostigmine competitively reverses muscle paralysis by increasing the amount of

acetylcholine in the NMJ. Anesthesia providers must be well versed in neostigmine

administration, understanding that both underdosing and overdosing can potentially lead to
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prolonged muscle paralysis (Kent et al., 2018). If the use of neostigmine is deemed clinically
inappropriate to reverse neuromuscular blockade, providers must critically consider the timing of
administration. Timing tracheal extubation to align with the peak antagonistic effects of
neostigmine is essential in ensuring optimal upper airway recovery (Neely et al., 2021).
Theoretical Framework

The Plan, Do, Study, Act (PDSA) model was used to guide the strategic planning of the
quality improvement project investigating evidence-based reversal using
neostigmine/glycopyrrolate and to evaluate outcomes. The PDSA model is used extensively by
the Institute for Healthcare Quality Improvement (IHI) to implement change or to improve
existing processes to enhance patient care outcomes (McBride et al., 2018). The cyclical nature
of the PDSA components emphasizes the need for continual analysis and refinement of changes.
Initial PDSA cycles are typically employed to examine change implementation on a small scale
(Perla et al., 2013). As data from projects is compiled and compared to initial predictions,
follow-up cycles can be used to adapt the change idea under more robust conditions (Perla et al.,
2013).

The “plan” component was the completion of a thorough review of the literature and the
creation of a validated survey to assess current knowledge and practice habits among anesthesia
providers for managing neuromuscular blockade. The “do” was the distribution of a survey via
SurveyMonkey to all anesthesia providers. The successful implementation of the plan required
collaboration from all dissertation committee members to promote meaningful engagement in the
survey.

The “study” element entailed the analysis of survey responses to identify key trends

surrounding techniques for NMB reversal using neostigmine/glycopyrrolate among anesthesia
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providers. The results were collected on SurveyMonkey and exported securely into Excel for
review and detailed statistical analysis. Individual data points were aggregated according to
subject content to evaluate areas of weakness and determine central themes for further education
to promote adherence to a standardized reversal approach according to evidence-based practice.
The evidence synthesis plus model guided the integration of survey findings and the current
evidence identified in the literature synthesis to tailor the content of the practice guidelines
presented on the cognitive aid. The final “act” component of the PDSA model was the creation
of the intraoperative cognitive aid.
CHAPTER 3: METHODOLOGY

This project followed the evidence synthesis plus project model and was the first step in
translating research into practice related to neuromuscular blockade reversal using
neostigmine/glycopyrrolate in anesthesia (Bonnell & Smith, 2018). This project included a
comprehensive review and synthesis of current literature and analysis of survey data of current
clinical practice for monitoring neuromuscular blockade and administering pharmacologic
reversal agents. After integrating knowledge gained from the literature review and survey
findings, evidence-based guidelines were described on a cognitive aid to guide best practices for
the administration of neostigmine/glycopyrrolate to reverse neuromuscular blockade.
Setting

The survey was distributed to the Certified Registered Nurse Anesthetists (CRNAS) and
physician anesthesiologists on staff at an urban Level One trauma center. The trauma center
serves a large population in the region, acting as one of the five Academic Medical Center
Teaching Hospitals in the area. The facility provides extensive surgical services across an

expansive care network and is distinguished as a certified transplant center for heart, kidney,
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liver, and pancreas. The institution’s innovative technology allows many of these procedures to
be performed using minimally-invasive laparoscopic or robotic surgical approaches. While these
less-invasive approaches offer numerous benefits, including decreased pain and a shorter hospital
stay, surgeons must rely upon precision to achieve successful outcomes (Bruintjes et al., 2017;
Barash et al., 2017). Such precision typically warrants the use of pharmacologic muscle
relaxation to avoid inadvertent patient movement that could jeopardize damaging surrounding
organs. Appropriate management of neuromuscular blockade is integral to achieving optimal
patient outcomes, as paralytic use is standard daily practice for anesthesia providers.
Subjects

The QI project utilized a convenience sampling method to select survey participants.
Anesthesia staff received a 25-item, anonymous survey related to current practices with
neuromuscular blockade management. Seven questions specifically targeted
neostigmine/glycopyrrolate use as a part of the larger 25-item survey. The survey excluded
Student Registered Nurse Anesthetists (SRNAs) from participation. SRNAs practice under the
licenses of their CRNA and physician anesthesiologist preceptors. SRNAs were excluded
because their clinical decisions are largely dictated by their supervising anesthesia personnel.
The population included 212 anesthesia providers—165 Certified Registered Nurse Anesthetists
(CRNASs) and 47 Anesthesiologists.
Intervention

The survey findings were used to gain insight into NMB monitoring and reversal
techniques used in current practice. Once current practice habits were identified, the trends in
knowledge deficits were analyzed, and evidence-based guidelines from the synthesis of the

literature were integrated to inform the creation of a cognitive aid. The intended use of the
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cognitive aid was to serve as an intraoperative reference and an adjunct resource to promote
evidence-driven clinical decision-making to select an appropriate reversal dose. The cognitive
aid incorporated the three central components of NMB management that were previously
referenced—qualitative monitoring using a PNS, pharmacological reversal using neostigmine,
and pharmacological reversal using sugammadex. The cognitive aid provided written and
pictorial instructions on electrode placement, a reversal dosing guide based on PNS output, and a
decision tree for reversal selection according to key precautions and adverse effects associated
with each respective reversal agent.
Data Collection

Data from the quantitative survey results were obtained through SurveyMonkey. The
survey used several question types: multiple-choice, matching, true/false, and multiple correct.
The survey questions were validated by the appointed clinical experts and approved by all
Doctoral dissertation committee members prior to submission to the Institutional Review Board
(IRB) at the affiliated hospital and graduate program institutions. Seven survey questions
specifically aimed to evaluate anesthesia providers' knowledge of appropriate neostigmine
administration and providers’ daily practice habits. The survey was designed to elicit clinicians'
guiding principles for neuromuscular blockade management, assess the factors influencing their
standard clinical practice, and extract commonly held misconceptions. Additionally, the
validated survey questions provided feedback on baseline provider knowledge of core anesthesia
monitoring and pharmacology concepts to identify areas necessitating further education. Only
the questions that targeted knowledge of current evidence-based practice guidelines were scored
as correct or incorrect and factored into the overall survey score. The final survey that was

distributed is included in Appendix B for reference.
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An email containing a brief description of the quality improvement project’s purpose and
how to access the survey was sent to CRNAs and anesthesiologists. The email contained a direct
link to take the survey on SurveyMonkey and detailed instructions about where to access the QR
codes for scanning and redirection to the survey. The laminated QR codes were affixed to the
anesthesia machine in 23 operating rooms and accessible in the anesthesia break rooms. The
survey's primary goal was to assess current practice habits surrounding the management of
neuromuscular blockade among anesthesia providers. Subsequently, the data obtained were
analyzed to identify facility-specific education needs to inform the development of the cognitive
aid. Internal consistency— how closely related a set of items are as a group of the instrument
was measured using Cronbach's alpha. Cronbach's alpha is used to create reliable and valid
questionnaires to augment the accuracy of assessments and evaluations (Tavakol & Dennick,
2011).

Timeline for data collection

The doctoral project was introduced with a brief description of the background and
significance of residual neuromuscular weakness at a monthly anesthesia grand rounds meeting.
Next, data collection was initiated after successfully securing the required institutional IRB and
DNP Council approval and after all of the committee members involved in the QI project
approved the oral defense of the project proposal. The survey was distributed and available for
completion for one month, from August 29", 2023-September 29™, 2023. An email reminder to
complete the open survey was sent to anesthesia providers on September 21%, 2023. A final
email reminder was sent on September 28™, 2023. Three weeks were dedicated to compiling the
data for statistical analysis. Information obtained from this data analysis and findings from the

in-depth literature synthesis were used to inform the cognitive aid development. A draft of the
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proposed cognitive aid was submitted for committee approval on November 30, 2023. A two-
week period was granted to allow committee members to review the cognitive aid and offer
suggested revisions.
Data management strategies and confidentiality of data

The survey responses were de-identified to ensure the confidentiality of the respondents’
answers. Participants’ anonymity was upheld through the omission of inquiry regarding
personally identifiable demographic information, including name, contact information, age, sex,
gender, race, and political or religious affiliation. The demographic data obtained relating to the
sample population only pertained to the professional title/academic degree held and the number
of years since the completion of anesthesia training. Anesthesia providers received the following
message prior to beginning the survey: "Participation in this survey is entirely voluntary, and
responses are anonymous. You will not be asked to provide any personal identifying information.
This survey has been approved by the Institutional Review Board at the designated affiliate
university and the healthcare system. The results from this survey will be used to complete a
quality improvement project as part of the Doctorate Nurse Anesthesia Program curriculum. |
consent to participate in this survey"”. As such, providers self-selected whether or not they chose
to complete the survey. As a result of the method chosen, the project's findings do not extend to
the general population of anesthesia providers— only to those who participate in the research
(Stratton, 2021). Data sharing during the project was strictly limited to members of the project
committee, and all files were exchanged using encrypted links.
Data Analysis Description

The survey included multiple choice, multiple correct, and true/false style questions. The

primary outcome of the quality improvement project was performance. If greater than 80% of
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respondents answered the survey item correctly, respondents' knowledge of the subject matter
was deemed adequate. Questions that less than 80% of respondents answered correctly were
delineated as areas of high training needs and were used as focal points of the cognitive aid. The
data set was summarized using descriptive statistics, including frequency counts, central
tendency and variation measures, and percentile ranks. The descriptive statistics were used to
analyze the content areas where respondents' answers deviated from the recommendations
identified in the current literature. The de-identified SurveyMonkey results were exported
securely into Excel. After interpreting the survey data and synthesizing the relevant literature, an
educational, cognitive aid detailing the best practices for the pharmacologic reversal of
neuromuscular blockade using neostigmine/glycopyrrolate was developed. This method is
consistent with the evidence synthesis plus project model.
CHAPTER 4: RESULTS

Sample Characteristics

Demographic characteristics, including professional title and years of experience of the
sample population, are depicted in Figures 1.1 and 1.2, respectively. The majority of anesthesia
providers held a master’s degree (n=57). The remaining respondents held a doctorate degree
(n=11) or a medical doctor degree (n=9). Nearly half of the respondents had under 5 years of
experience (n=37), while 14 individuals (18.2%) had 6-10 years of experience and 15 individuals
(19.5%) had 11-20 years of experience. There were only 11 (14.3%) respondents that reported
greater than 20 years of experience in anesthesia practice. Seventy-seven anesthesia providers
completed the survey. In total, 41.2% of staff CRNAs and 19.1% of staff physician

anesthesiologists participated in the survey, with a total return rate of 35.8% in this quality



improvement project. The survey did not inquire about other demographic information such as

age, race, ethnicity, or gender.
Figure 1. Anesthesia Providers Stratified According To Position Title
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Figure 2. Anesthesia Providers Stratified According To Years Of Experience
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Years of experience
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Findings

The frequencies for each item on the survey are reported in Table 1 and 2. Table 1:
“Findings on knowledge of evidence-based administration of neostigmine,” depicts four survey
items and details the percentage of respondents correctly answering the corresponding question.
Seventy-four respondents (96%) correctly identified the pharmacologic class and mechanism of
action at neostigmine. Only 50.65% (n=38) of anesthesia providers identified the time of 5-6
minutes for neostigmine to reach peak effect as incorrect. Respondents who answered the
mechanism of action item correctly also recognized the potential for neostigmine to cause
paradoxical weakness at doses in excess of 0.07 mg/kg. Only 27.63% (n=21) of respondents
believed neostigmine could be safely administered according to weight-based dosing
recommendations if the calculated dose exceeded 5 mg. This belief diverges from the evidence

in the literature that supports that a maximum dose of 0.06-0.08 mg/kg of neostigmine based on
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actual body weight may be safely administered to effectively reverse nNMBAs. Lastly, findings
from Table 1 showed that most, 89.61% (n=69), respondents believed that sugammadex was not
associated with significantly more bradycardia than neostigmine. This finding is consistent with
systematic reviews that concluded that neostigmine and sugammadex were "comparably safe,"
and the rates of bradycardia—2.4% for sugammadex and 2.2% for neostigmine, were not
statistically significant (Ruetzler et al., 2022).

Over half, 59.74% (n=46) of respondents, believed that neostigmine could adequately
reverse neuromuscular paralysis in patients demonstrating a train-of-four count of one out of four
on clinical exam. These findings indicate that inappropriate administration of neostigmine is
occurring in daily practice, as only one TOFC is consistent with a deep level of NMB, and
reversal using neostigmine should not be attempted until a greater degree of spontaneous
recovery is achieved. Additionally, the data in Table 2: “Findings on current practice related to
neostigmine,” revealed that nearly half, 42.86% (n=33) of the respondents reported neglecting to
re-assess the train-of-four count at least 10 minutes and up to 15 minutes after neostigmine
administration before extubating patients. These findings are inconsistent with the
recommendations by Murphy (2018) that stressed the need to re-assess the burden of residual
NMB at the time of tracheal extubation to help prevent residual paralysis. Over half, 52.63%
(n=30) of the respondents, stated that the side effect profile of neostigmine has no impact on the
clinical decision to use the drug for neuromuscular blockade reversal. This finding reflects that
these providers do not believe the side effect profile of neostigmine/glycopyrrolate is significant
enough to alter their use of these medications. There may be a need to further explore providers’
knowledge of side effect incidence and severity.

Table 1. Findings on knowledge of evidence-based administration of neostigmine



Item Descriptor Frequencies Percent with the
correct answer
Neostigmine is a
competitive,
reversible
acetylcholinesterase
inhibitor. At doses
greater than 0.07 True n=74
mg/kg, further 96.10%
administration of False n=3
neostigmine may
result in NMJ
dysfunction causing
paradoxical
weakness.
Tracheal extubation
should occur True n= 38
following 50.65%
neostigmine’s peak False n=39
action at 5-6 minutes.
The maximum
recommended dose
of neostigmine is True n=21
0.07 mg/kg, 27.63%
regardless of if the False n =55
calculated dose
exceeds 5 mg.
Match the correct TOFC | Answer
dose of neostigmine Choice
according to the 1 Not
clinically assessed recommende n =46 59.74%
train-of-four count. 2 d to use
n=61 80.26%
3 0.05-0.07
mg/kg n=47 61.04%
4
0.05 mg/kg n =46 59.74%
0.03 mg/kg
A greater degree of
clinically significant
bradycardia occurs True n=38
with sugammadex 89.61%
administration False n =69

compared to
neostigmine.
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Table 2. Findings on current practice related to neostigmine

Item Descriptor Number/Frequencies | Response
percentage
| commonly administer less
than the recommended 0.2 54.55%
True n=42

mg of glycopyrrolate per 1
mg of neostlgmlr)e during False n=35 45 45%
the pharmacologic reversal
of neuromuscular blockade.

None of the above n=40 52.63%
Which of the following side ) o
effects, if any, influence Bradyarrhythmias n=25 32.89%
your decision to use _ _
neostigmine for reversal of Urinary retention n=12 15.79%
neuromuscular blocking _
agents (Select all that Propensity for n=23 30.26%

n=19 25.00%
Bronchoconstriction

| routinely re-assess the
train-of-four count at least n=44 .
10 minutes and up to 15 True 57.14%
minutes after neostigmine n=33 42.86%
administration and prior to False
extubating patients.
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Next, each of the demographic variables was independently examined to determine if any

association existed between either years or experience or title and performance on the knowledge
test. Logistic regression analysis used years of experience as the independent variable to test
whether the odds of answering survey questions correctly were influenced by experience level.

Results of the logistic regression indicated that there was a significant negative association
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between increasing years of experience and the likelihood of respondents selecting the correct

dose of neostigmine according to the elicited TOFC (odds ratio = 0.46, p =.002). Years of

experience had no statistically significant effect on the other questions. Overall, increasing years

of experience seemed to negatively impact performance on the knowledge questions.
CHAPTER 5: DISCUSSION

Implications for Practice

Survey results indicated that anesthesia providers administer widely variable doses of
neostigmine to reverse muscle paralysis. This reflects a need to provide educational opportunities
regarding current evidence-based dosing recommendations for neostigmine according to the TOF
count. It is imperative that anesthesia providers are knowledgeable on the appropriate
neostigmine dose that is needed to effectively counteract the existing depth of neuromuscular
blockade and avoid adverse sequelae resulting from residual paralysis.

Anesthesia providers clearly understood neostigmine's mechanism of action and target
receptors. One of the key inconsistencies between the literature and the survey results was the
timing of neostigmine administration. About half of the providers indicated that they extubate
patients 5-6 minutes after the administration of neostigmine. However, the peak effect of
neostigmine does not occur for 10 minutes (Neely et al., 20121). The survey results indicated
that many providers do not allow a sufficient amount of time for neostigmine to take effect prior
to attempting tracheal extubation. The clinical decision to extubate a patient when upper airway
integrity impairment is still present may predispose patients to aspiration, atelectasis, and
pneumonia. Extubation before the complete recovery of protective airway reflexes could also
result in inadequate tidal volumes and subsequent physiologic derangements such as respiratory

acidosis.
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The survey results demonstrated a need to review the side effect profile associated with
neostigmine administration. Considering individual patients' comorbidities is necessary to
perform an adequate risk analysis when selecting a reversal agent. Failing to do so could result in
untoward complications for the patient by exacerbating underlying pathologies. For example,
neostigmine may not be the safest first-line agent in an elderly asthmatic patient with severe
prostatic hypertrophy and urinary retention. Results according to stratified demographics
suggested that there may be a need to specifically target educational information to the audience
with greater years of experience.

Importantly, the survey results served as the foundation to guide the framework for
developing a tailored cognitive aid. Topics with poor performance were translated into areas of
focus for the cognitive aid. For example, an infographic of the correct electrode placement for
qualitative TOF monitoring and a table of a neostigmine/glycopyrrolate dosing guide according
to twitches were included. Adverse effects of neostigmine and a list of patient comorbidities
warrant cautious use of neostigmine were included to augment evidence-based clinical decision-
making. Adverse effects were highlighted because around half of the anesthesia providers
surveyed indicated that they routinely administer less than 0.2 mg of glycopyrrolate per 1 mg of
neostigmine. Underdosing glycopyrrolate can result in more profound, clinically relevant
cholinergic side effects. An algorithm for extubation readiness was included because the
overarching survey results indicated that most anesthesia providers underestimated the depth of
neuromuscular blockade that correlated with specific TOF values.

Strengths
One notable strength of this quality improvement project was the thorough review of the

literature. Multiple databases were searched between the years 1985 and 2021. The review and
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analysis highlighted existing inconsistencies in study results to explore recommendations
grounded in strong evidence from large-scale randomized controlled trials. Identifying
conflicting findings also helped to avoid reporting bias. The thorough review and literature
synthesis provided evidence to validate the constructed survey questions. All committee
members and several objective clinical experts reviewed and validated the questions.

A descriptive research method, specifically surveying, used in this quality improvement
project provided detailed, valuable data. A survey was a cost-effective way to gather a high
volume of data. The clinical question was able to be addressed in a relatively short period. The
prompt turnaround time from data collection to the development of the cognitive aid was
beneficial to keep the topic of evidence-based reversal using neostigmine/glycopyrrolate relevant
in the clinical setting. There was only one missing data point from a single skipped survey
question, and all other respondents answered the survey in its entirety.

There are several strengths to note about the survey design. The survey was easily
accessible and convenient. Participants completed the survey by scanning a QR code from any
mobile device, laptop, or desktop computer. The average time to complete the survey was six
minutes and three seconds. The survey guaranteed anonymity, as there was no attempt to elicit
any personally identifiable information. The survey allowed for the collection of quantifiable
data
Limitations

The survey results cannot be generalized to a broader population because they do not
represent the clinical practice of all anesthesia providers. The quality improvement project was
limited to a single facility, and a convenience sampling method was used to select participants.

Although the tailored approach helped increase the usefulness and relevance of the cognitive aid
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at the identified facility, it also reduced the relevance to other healthcare facilities. Only
descriptive statistics were used to evaluate the survey outcomes—omitting the ability to
determine a cause-and-effect relationship. The inclusion of true/false and multiple-choice style
survey questions rather than open-ended responses or the use of a focus group restricted the
depth of information that could be gathered with each question.

There are a limited number of published studies evaluating the knowledge anesthesia
providers possess relating to the intraoperative management of neuromuscular blockade. A state
or national performance benchmark for the knowledge-based questions does not exist. This
precluded the use of comparative analysis between facilities or geographical locations.

The questions and topics included in the survey were not determined according to any published
standardized approach. The variability in the structure and language of the questions included
may detract from the reliability and reproducibility of the survey. The unclear wording of a
question leaves room for respondents to interpret the meaning differently. The final participation
rate of 36.3% of all anesthesia providers fell well below the goal participation rate of 50%
participation.

Recommendations

This quality improvement project delivered key insights into the practice habits and areas
that warranted educational emphasis among anesthesia providers at the selected institution.
Future work may consider examining what central elements anesthesia providers use to guide
their daily practices. Results from the current QI project should be interpreted as a high-level
first step to audit neuromuscular blockade management strategies. Future research should seek
ongoing feedback from anesthesia providers on the proposed cognitive aid and work towards

implementation and adoption of the cognitive aid as a facility-specific clinical decision-making
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adjunct. Additionally, future work should continually survey the usability of the cognitive aid as
an intraoperative reference tool.

It would be beneficial for future investigations to aim to capture the true burden of
residual muscle paralysis by quantifying the incidence. This would provide a measurable
foundation to extrapolate results to explore the financial implications of postoperative pulmonary
complications associated with residual paralysis. It could also serve as supporting evidence to
advocate for using quantitative neuromuscular monitoring devices.

Practical suggestions for future work include increased engagement of stakeholders to
promote further buy-in, distribution of the survey during a timeline unique from other student
registered nurse anesthetists (SRNAs) and forming a focus group that includes a member with

formal education in item-writing.
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APPENDIX B: NEUROMUSCULAR BLOCKADE MANAGEMENT SURVEY

I commonly administer less than the recommended 0.2 mg per 1 mg of neostigmine
during pharmacologic reversal of neuromuscular blockade.

a. True

b. False

(Howard et al., 2017)

. Which of the following side effects, if any, influence your decision to use neostigmine for
reversal of neuromuscular blocking agents (Select all that apply).

a. Bronchoconstriction

b. Bradyarrhythmias

c. Propensity for PONV

d. Urinary retention

(Lietal., 2021)

| routinely re-assess the train-of-four count at least 10 minutes and up to 15 minutes after
neostigmine administration and prior to extubating patients.

a. True

b. False

(Kim et al., 2019)

. When monitoring neuromuscular blockade depth at the facial nerve intraoperatively, |
routinely move the peripheral nerve stimulator electrodes to the adductor pollicis before
extubation.

a. True

b. False

(Brull & Kopman, 2017; Murphy, 2018)

I use clinical indicators such as the ability to initiate and sustain spontaneous respirations
of an adequate tidal volume to assess patients’ recovery from neuromuscular blocking
agents.

a. True

b. False

. Sugammadex as a reversal agent is typically not used in patients with a creatinine
clearance less than 30 ml/min.

a. True

b. False

(Chandrasekhar et al., 2021).

| am hesitant to administer sugammadex in coagulopathic patients.
a. True
b. False
(Moon et al., 2018)
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When monitoring the facial nerve, | place the electrodes closest to the tragus and corner
of the eye, directly above one another.

a. True

b. False

(Naguib et al., 2018)

Sugammadex is dosed according to the patients’ in order to achieve a
faster reversal of neuromuscular blockade.

a. Actual Body Weight

b. Ideal Body Weight

c. Adjusted Body Weight

d. It does not make a difference

(FDA, 2015) (Badaoui et al., 2016) (Duranteau et al., 2021) (Mostoller et al., 2021)

Which of the following clinical indicators for the use of sugammadex are not currently
listed in the Omnicell?

a. Unable to assess TOF due to surgical limitations

b. Can’t intubate/Can’t ventilate

c. Clinical concern documented in EHR

d. Failure to intubate after rocuronium or vecuronium when ventilation without

airway protection is contraindicated
e. Inadequate reversal using neostigmine/glycopyrrolate.

Neostigmine is a competitive, reversible acetylcholinesterase inhibitor. At doses greater
than 0.07 mg/kg, further administration of neostigmine may result in NMJ dysfunction
causing paradoxical weakness.

a. True

b. False

(Preault et al., 2016).

Tracheal extubation should occur following neostigmine’s peak action at 5-6 minutes.
a. True
b. False
(Neely et al., 2021).

The maximum recommended dose of neostigmine is 0.07 mg/kg regardless of if the
calculated dose exceeds 5 mg.

a. True

b. False
Match the correct dose of neostigmine according to the clinically assessed train-of-four
count:

a. 1twitch

— a. Use of neostigmine for reversal is not recommended
b. 2 twitches - b. 0.05-0.07 mg/kg
c. 3twitches — c. 0.05 mg/kg
d. 4 twitches — d. 0.03 mg/kg

(Caldwell, 2009)



15.

16.

17.

18.

19.

20.

21.

45

Current literature recommends a train-of-four ratio of at least 0.8 to reduce the incidence
of residual neuromuscular blockade.

a. True

b. False

(Kirmeier et al., 2019) (Miller and Ward, 2010).

When assessing a qualitative train-of-four ratio, current research shows that the majority
of clinicians overestimate the value, resulting in underdosing pharmacologic reversal.

a. True

b. False

(Bhananker et al., 2015)

Seventy percent of the receptors at the nicotinic neuromuscular junction can still be
occupied by a muscle relaxant with a train-of-four count of 4.

a. True

b. False

(Nagelhout, 2018)

A patient’s ability to sustain a 5-second head lift corresponds to a train of four ratio of
0.50-0.60.

a. True

b. False

(Miller and Pardo, 2011)

Following a 5-second tetanic stimulation, any subsequent stimulation(s) will be amplified
for approximately 2-5 minutes, resulting in an underestimated degree of neuromuscular
blockade.

a. True

b. False

(Brull & Kopman, 2017; Ehrenwerth et al., 2013)

Monitoring train-of-four at the facial nerve best indicates readiness of extubation as it
most closely reflects recovery of the pharyngeal muscles, thereby decreasing the risk for
upper airway obstruction and aspiration.

a. True

b. False

(Brull & Kopman, 2017)

The train-of-four count is most beneficial to inform anesthesia providers about the:
a. Dosing of reversal agent
b. Timing of reversal agent
c. Depth of neuromuscular block
d. Time to spontaneous recovery
(Thilen & Bhananker, 2016)
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Patients using hormonal birth control methods who have received sugammadex should be
advised to use an alternate form of birth control for seven days:

a. True

b. False

(US Food and Drug Administration., 2015)

Hemodialysis can effectively remove a rocuronium/sugammadex molecular complex.
a. True
b. False
(Kimetal., 2021)

A greater degree of clinically significant bradycardia occurs with sugammadex
administration compared to neostigmine.

a. True

b. False

(Hristovska et al., 2017)

Recent data suggest that the incidence of a hypersensitivity reaction to sugammadex
increases with (select all that apply):

a. Repeated administration

b. Doses of 16 mg/kg

c. Renal impairment

d. Pediatric patients

(de Kam et al., 2018) & (Min et al., 2018a)



