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Neuromuscular blocking agents are essential tools in modern
anesthesia practice, facilitating endotracheal intubation and
optimal surgical conditions. However, inadequate reversal

of neuromuscular blockade poses significant patient safety
risks, including respiratory complications and prolonged
recovery. Train-of-four (TOF) monitoring provides an
assessment of neuromuscular function, yet residual blockade
remains common in clinical practice. This article reviews

the fundamentals of neuromuscular blockade, clinical
applications of TOF monitoring, interpretation of monitoring
results, and comparison of quantitative monitoring methods.
Special emphasis is placed on the critical role anesthesia
technicians play in equipment preparation, troubleshooting,
and quality assurance to ensure safe patient outcomes.

Anesthesia providers routinely administer neuromuscular
blocking agents (NMBAs) to achieve complete muscle
paralysis, facilitating endotracheal intubation and optimal
surgical conditions (Thilen et al,, 2023). While these
medications are instrumental, their residual effects pose
serious patient safety concerns when inadequately reversed
prior to extubation. Train-of-four (TOF) monitoring is utilized
to assess the depth of neuromuscular blockade and ensure
complete recovery.

Anesthesia technicians play a role in safe neuromuscular
monitoring. Extending beyond preparing equipment,
anesthesia technicians ensure monitors function properly
and potential equipment failures are identified before

they compromise patient safety. This article provides a
comprehensive review of neuromuscular blockade basics,
clinical applications of TOF monitoring, complications
associated with residual blockade, and practical guidance for
anesthesia technicians in supporting this critical aspect of
perioperative care.

The nerve terminal produces and releases acetylcholine
into the synaptic cleft, a gap separating the nerve from the
muscle fiber (Barash et al,, 2013). When two acetylcholine



molecules bind simultaneously to nicotinic receptors at

the muscle endplate, ion channels open, allowing sodium
influx and potassium efflux. This ionic exchange causes
depolarization and muscle contraction. During high-
frequency stimulation, acetylcholine release naturally
decreases because the neurotransmitter pool depletes faster
than it can be replenished (Barash et al,, 2013).

Non-depolarizing agents (rocuronium, vecuronium,
cisatracurium) competitively block acetylcholine from
binding to receptors, preventing muscle contraction. These
medications typically have slower onset and longer duration,
thus requiring reversal when muscle relaxation is no longer
necessary.

The only depolarizing NMBA in clinical use, succinylcholine,
mimics acetylcholine by binding to receptors and causing
initial depolarization. However, it remains bound much
longer, preventing further action potentials (Barash et

al, 2013). Succinylcholine has rapid onset and brief
duration (5-10 minutes) as it undergoes metabolism by
pseudocholinesterase, meaning reversal agents are not
required. However, approximately 1 in 2,000 patients have
a genetic mutation in pseudocholinesterase, resulting in
prolonged paralysis lasting up to 6 hours (Barash et al.,
2013).

Primary indications for NMBAs include facilitating intubation,
optimizing surgical conditions, and ensuring patient safety
during critical surgical moments. While neuromuscular
blockade offers clear benefits, complete reversal is essential
before extubation to prevent respiratory distress and
aspiration (Thilen et al., 2023).

TRAIN-OF-FOUR MONITORING:
CLINICAL APPLICATION

Peripheral nerve stimulators measure neuromuscular
blockade depth by applying electrical stimulation to a motor
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nerve and measuring the resulting muscle contraction.
Because patients demonstrate considerable variability in
NMBA response, it is impossible to predict when complete
recovery will occur based solely on time elapsed since drug
administration (Debaene et al,, 2003). The muscle’s response
depends on three factors: current applied, current duration,
and electrode position. Modern stimulators provide constant
current output regardless of impedance changes, ensuring
reliable stimulation (Naguib et al., 2017).

PATTERNS OF NERVE STIMULATION

Train-of-Four Stimulation has become the gold standard
(Barash et al,, 2013). This pattern delivers four stimuli in
rapid succession (2 Hz frequency, 0.5 seconds apart), making
the response easily evaluated manually or visually. TOF can
be repeated every 10-15 seconds, providing continuous
assessment (Naguib et al,, 2017).

The TOF count correlates with receptor blockade:
TOF count 0: Deep blockade (>90% receptors occupied)

TOF count 1-3: Adequate surgical relaxation (70-90%
receptors occupied)

TOF count 4 with fade: Partial recovery (65-75% receptors
occupied)

The TOF ratio compares the fourth twitch amplitude to the
first (T4/T1). A TOF ratio 20.9 measured at the adductor
pollicis represents the clinical standard for adequate
recovery before extubation (Thilen et al,, 2023).

Post-Tetanic Count (PTC) is utilized during profound
blockade when no TOF response is detectable. Following
brief tetanic stimulation (50 Hz for 5 seconds), the number of
post-tetanic twitches correlates inversely with time required
for TOF response to return, providing helpful information
during deep blockade (Naguib et al., 2017).

Chart 1 - Levels of Neuromuscular Blockade After Administration of Non-Depolarizing NMB at a Single Intubation Dose (D).
NMB: neuromuscular blockade, TOF: T4/T1 ratio; PTC: post-tetanic counting
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Chart 1. Hartman, J. (2016). How to Accurately Assess Train of Four Monitoring. Neuromonitoring Training. https://
intraoperativeneuromonitoring.com/train-of-four/



MONITORING SITES

Not all muscles respond uniformly to NMBAs. The adductor
pollicis (ulnar nerve at wrist) represents preferred site of
monitoring neuromuscular function (Naguib et al,, 2017).
This muscle recovers more slowly than the diaphragm and
laryngeal muscles, ensuring adequate recovery at this site
guarantees recovery of upper airway muscles critical for
airway protection (Barash et al,, 2013). The corrugator
supercilii (facial nerve) demonstrates characteristics similar
to laryngeal adductors, making it useful for predicting
intubating conditions. The posterior tibial nerve provides
responses comparable to the adductor pollicis and serves as
an alternative when hand access is not feasible (Barash et al.,
2013).

INTERPRETATION OF TOF RESPONSES

Visual and tactile (qualitative) assessment has significant
limitations. Studies demonstrate that clinically significant
weakness cannot be reliably identified using subjective
assessment (Naguib et al, 2017). Fade detection becomes
difficult when TOF ratio is 0.4 or higher, meaning substantial
residual paralysis may go undetected (Thilen et al., 2023).
Historically, TOF ratio of 0.7 was considered adequate, but
subsequent research revealed that ratios <0.9 are associated
with clinically significant weakness, impaired swallowing,
upper airway obstruction, and increased aspiration risk.

Clinical assessments, including sustained head lift, hand grip
strength, normal tidal volume, and response to commands,
are inadequate measures of recovery (Murphy & Brull,

2022). Importantly, spontaneous breathing can occur with
significant residual paralysis due to diaphragmatic sparing,
yet swallowing coordination and laryngeal protective reflexes
remain impaired when TOF ratio is <0.9 (Barash et al., 2013).

The American Society of Anesthesiologists practice
guidelines provide strong recommendations for quantitative
monitoring over qualitative assessment (Thilen et al,, 2023).
This recommendation extends internationally, the United
Kingdom's Association of Anesthetists’ guidelines state that
quantitative monitoring should be used whenever NMBAs are
administered (Klein et al., 2021).

COMPARISON OF MONITORING
METHODS

Mechanomyography (MMG) measures actual force of muscle
contraction and served as the gold standard for decades.
However, these devices are expensive, cumbersome, and
remain primarily research tools (Bowdle et al., 2020).
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Acceleromyography (AMG) is the quantitative technique
widely used in clinical practice (Bowdle et al., 2020). AMG
devices measure thumb acceleration following ulnar nerve
stimulation, estimating force using Newton's second law
(force = mass x acceleration). Advantages include wide
availability, portability, and extensive research support.
However, AMG requires unrestricted thumb movement,
baseline measurements often exceed 100% (requiring
pre-paralytic calibration), and research demonstrates

AMG overestimates recovery by approximately 0.15-0.18

Figure 1 of Claudius C, Viby-Mogensen J, Warner DS, Warner
MA. Acceleromyography for Use in Scientific and Clinical
Practice: A Systematic Review of the Evidence. Anesthesiology
(Philadelphia). 2008,108(6):1117-1140. doi:10.1097/
ALN.ObO13e318173f62f

compared to electromyography (Kopman et al., 2005).

Electromyography (EMG) measures the compound muscle
action potential after nerve stimulation. EMG responses
correlate well with mechanomyography (Murphy & Brull,
2022). Unlike AMG, EMG does not require thumb movement,
allowing monitoring when arms are tucked, a common
surgical position. Advantages include no calibration
requirement for most )
modern devices, ® -
less susceptibility to @
positioning issues, and =
©
o
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reliable quantitative
data (Bowdle et

al, 2020). Recent
development of
portable EMG devices
specifically for
routine clinical

care has increased
accessibility. While
EMG incurs higher
per-case costs (due
to cost of disposable
electrodes), these expenses may be offset by more judicious
NMBA use, optimized reversal dosing, and prevention of
complications (Murphy & Brull, 2022).
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Figure 2. Naguib, M., Brull, S.J. and
Johnson, K.B. (2017), Conceptual and
technical insights into the basis of
neuromuscular monitoring. Anaesthesia,
72:16-37. https://doi.org/10.1111/
anae.13738



Placement of the stimulating electrodes (1 and 2) along the
ulnar nerve; and of the recording electrodes for monitoring
the abductor digiti minimi (3 and 4) or the adductor pollicis
(5 and 6) muscles by electromyography.

COMPLICATIONS AND CLINICAL
CONSEQUENCES

Residual blockade remains alarmingly common. Debaene et
al. (2003) demonstrated that residual paralysis occurred in
the PACU more than 2 hours after a single intubating dose of
intermediate-acting NMBA. Studies report residual blockade
rates of 30-60% in patients monitored qualitatively or not
monitored at all (Murphy, 2022).

Several factors can also interfere with neuromuscular
function: central hypothermia slows drug metabolism;

drug interactions (volatile anesthetics, aminoglycosides,
magnesium) potentiate blockade; and pre-existing
neuropathy can produce misleading monitoring results (Chu
& Fuller, 2012).

The primary risk of residual blockade involves respiratory
complications. Even modest residual paralysis (TOF ratio
0.7-0.9) impairs pharyngeal muscle function, reducing upper
airway patency (Barash et al.,, 2013). Clinical consequences
include hypoxemia, upper airway obstruction, impaired
protective airway reflexes increasing aspiration risk,
atelectasis, pneumonia, and reintubation in severe cases
(Thilen et al., 2023). These complications increase patient
morbidity and mortality, extend PACU length of stay, and
significantly increase healthcare costs.

Beyond objective complications, residual blockade creates
distressing patient experiences. The inability to breathe
deeply, difficulty swallowing, diplopia, generalized weakness,
and feeling of suffocation. These symptoms decrease patient
satisfaction and can result in long-lasting anxiety about
future anesthetics (Thilen et al, 2023).

OVERCOMING BARRIERS TO
IMPLEMENTATION

Despite strong evidence and guidelines, quantitative
monitoring is not universally adopted Theilen et al.,, 2023).
Barriers include lack of recognition regarding residual
blockade prevalence, overconfidence in clinical assessment,
perception that monitors are time-consuming, insufficient
training, and initial capital investment. Murphy & Brull (2022)
note that many clinical TOF monitors currently in use are
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outdated and should be replaced, specifically recommending
avoiding units without built-in digital ammeters.

Anesthesia technicians can facilitate adoption by building
technical expertise, supporting workflow integration, and
championing patient safety. Developing strong foundational
knowledge of device operation, mastering troubleshooting,
and streamlining setup procedures all help overcome
implementation barriers.

While anesthesiologists and CRNAs interpret TOF data
and make clinical decisions, anesthesia technicians
provide foundational technical support that makes
accurate monitoring possible. Equipment preparation,
troubleshooting, and quality assurance are critical to
preventing complications.

Practice considerations include alerting anesthesia providers
immediately to equipment malfunctions, inability to obtain
baseline TOF, changes in monitor function, or concerns about
monitoring accuracy. Serve as liaison between anesthesia
providers and biomedical engineering. Maintain thorough
documentation of equipment checks, issues encountered
and resolutions, equipment removed from service, and
maintenance logs.

CONCLUSION

Neuromuscular blockade and its reversal represent critical
components of safe anesthetic management. The persistent
problem of residual blockade demands widespread

adoption of quantitative monitoring technology. Professional
guidelines uniformly recommend quantitative neuromuscular
monitoring whenever NMBAs are administered, reflecting
decades of research demonstrating that qualitative
assessment cannot reliably detect residual blockade.

Anesthesia technicians occupy a unique position to advance
patient safety through expertise in monitoring technology.
By developing deep knowledge of neuromuscular
monitoring principles and maintaining competency with
evolving technologies, we contribute directly to preventing
complications and improving patient outcomes. Acquisition
of quantitative monitoring devices must be accompanied
by comprehensive educational efforts sustained over

time. By building strong foundations in device operation,
troubleshooting techniques, and best practices, anesthesia
technicians can lead early adoption efforts in their
institutions, enhancing patient safety and exemplifying the
vital role we play in the perioperative team.
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To test your knowledge on this issue’s article, provide correct answers to the following
questions on the form below. Follow the instructions carefully.

1. What is the primary clinical purpose of
administering neuromuscular blocking agents
(NMBAs) during anesthesia?

. To provide analgesia during surgery

. To induce loss of consciousness

. To facilitate endotracheal intubation and optimize
surgical conditions

. To reduce anesthetic requirements
postoperatively

. Residual neuromuscular blockade is most
concerning because it can lead to:
A. Postoperative nausea and vomiting
B. Upper airway obstruction and aspiration
C. Delayed wound healing
D. Increased blood pressure

3. Train-of-four (TOF) stimulation consists of:
A. Four stimuli delivered at 50 Hz over 5 seconds
B. Four stimuli delivered once per second
C. Four stimuli delivered at 2 Hz over 0.5 seconds
D. Continuous electrical stimulation until fade
occurs

4. A TOF count of zero (0) indicates which level of
neuromuscular blockade?
A. Minimal blockade
B. Partial recovery
C. Moderate blockade
D. Deep blockade

5. What TOF ratio is considered the minimum
acceptable level for safe tracheal extubation?
A =205
B. 20.7
C. 2038
D. 20.9

6. Why is qualitative (visual or tactile) TOF assessment
unreliable for detecting residual blockade?
A. Electrical stimulation varies between devices
B. Fade is difficult to detect when TOF ratio
exceeds ~0.4
C. Muscle fatigue alters the response
D. It requires excessive stimulation current

7. Why is the adductor pollicis muscle considered the
gold standard monitoring site for recovery?
A. Itis easier to access than facial muscles
B. It reflects diaphragmatic function
C. It recovers more slowly than airway muscles
D. Itis unaffected by anesthetic agents

8. Which advantage does electromyography (EMG)
have over acceleromyography (AMG)?
A. Lower equipment cost
B. Requires unrestricted thumb movement
C. Does not require calibration
D. Overestimates recovery compared to
mechanomyography

9. Which of the following factors can potentiate or
prolong neuromuscular blockade?
A. Hypothermia
B. Volatile anesthetics
C. Magnesium administration
D. All of the above

10. Which responsibility best reflects the anesthesia

technician’s role in neuromuscular monitoring?

A. Interpreting TOF ratios and administering
reversal agents

B. Making extubation decisions

C. Preparing, troubleshooting, and ensuring accurate
monitoring equipment function

. Determining NMBA dosing
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