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I have been impressed with the urgency of doing. Knowing is not 
enough, we must apply. Being willing is not enough; we must do.

Leonardo di ser Piero da Vinci (1452–1519)

The panel recommendations are intended for anesthe-
sia care providers who use neuromuscular blocking 
drugs (NMBDs) and reversal agents and for profes-

sional organizations that develop practice advisories and 
guidelines regarding minimum standards for patient moni-
toring of neuromuscular blockade (NMB).

RECOMMENDATIONS

 1. Quantitative (objective) NMB monitoring should 
be used whenever a nondepolarizing NMBD is 
administered:

  a.  Quantitative monitoring is defined as an objective 
real-time measurement of the train-of-four ratio 
(TOFR). The difference between quantitative and 
qualitative assessments of NMB is in their ability to 
objectively measure the TOFR. Qualitative (subjec-
tive) assessments using peripheral nerve stimulator 
(PNS) devices depend on the anesthesia practitioner 
estimating the strength of muscle contractions in 
response to train-of-four (TOF) stimulation by visual 
or tactile means only, and thus are prone to error.

  b.  The panel recognizes that replacing conventional 
PNS devices with quantitative monitoring equip-
ment will take time and education. During this 
interim period, the use of a PNS in any patient 
receiving a NMBD is mandatory.

 2. Subjective or clinical tests of NMB are not predictive 
of adequate neuromuscular recovery and are not 
sensitive to the presence of residual neuromuscular 
weakness; their use should be abandoned in favor of 
objective monitoring:

  a.  After the TOFR recovers to >0.40, clinicians can 
no longer detect the presence of fade by tactile or 
visual observation (subjectively). Therefore, clini-
cians may assume complete recovery from NMB 
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(ie, TOFR ≥0.9) despite the actual presence of min-
imal or shallow degrees of NMB (Table 1).

  b.  After emergence from anesthesia and tracheal 
extubation, undetected minimal or shallow levels 
of NMB (Table 1) can lead to adverse airway or 
pulmonary complications.

  c.  Clinical signs (such as the 5-second head lift or 
sustained handgrip) and clinical tests (such as 
presence of spontaneous respiration) do not guar-
antee complete resolution of NMB and no longer 
have a place as the sole determinant of adequate 
recovery of neuromuscular function (Table 2).

 3. Professional organizations should develop prac-
tice standards and guidelines detailing how best to 
monitor and manage perioperative administration 
of NMBDs.

 4. Terms that describe the levels of NMB should be 
standardized. This consensus statement provides 
proposed definitions of complete, deep, moderate, 
shallow, and minimal NMB based on quantitative 
NMB monitoring criteria (Table 1).

INTRODUCTION
The impetus for developing this consensus statement was 
based on a series of reports that indicate a low frequency of 
routine neuromuscular monitoring5–8 and a lack of anesthe-
sia practitioner awareness of the high incidence (40%–60%) 
of residual NMB9,10 and its associated morbidity.2,3,11–15

Potentially unsafe practices in managing periopera-
tive NMB persist. The use of PNS devices for managing 
NMB is unreliable when interpreting the subjective evoked 
responses by visual or tactile means and does not allow cli-
nicians to consistently detect residual NMB (Table 1).16,17

There is also poor awareness of the inability of clini-
cal signs and tests (eg, 5-second head lift, grip strength, or 
tidal volume) to detect modest levels of residual NMB.5,18,19 
For example, at a TOFR <0.7 (which does not represent 
adequate recovery), >70% of patients can sustain a head 
lift for 5 seconds.17–19 The use of clinical signs of recovery 
as well as subjective evaluations of the TOFR to assess the 
levels of NMB should be abandoned ultimately.1,3,4,20–23 
The panel recognizes that translation of research findings 
into clinical practice can take up to 17 years,24,25 but aims 

to shorten the transition from PNS devices to routine use 
of objective NMB monitors through widespread education 
and training, while realizing that ultimately only the intro-
duction of clinical guidelines is likely to change routine 
anesthesia practice.

The main recommendations of this document are that 
quantitative monitoring should be used to guide the intra-
operative use of NMBDs. Given the wide variability of 
patient response to these drugs,26–28 such practice will help 
to ensure effective antagonism and reliably prevent residual 
neuromuscular weakness and its attendant complications.20 
Implementation of departmental educational programs 
that enforce the use of objective monitoring clearly demon-
strated a reduction in the incidence of postoperative NMB 
(from 62% to <4%)29 and the need for NMBD-related reintu-
bations in postanesthesia care unit (PACU).20,30

A brief review of the most recent literature indicates 
that in some countries, even PNS devices are often 
unavailable in teaching institutions.5,6 In countries where 
both PNS devices and objective monitors are available, 
50% of clinicians only use clinical tests, and only 11% 
of the clinicians who use “some monitoring” routinely 
use an objective monitor.31 Only 17% of clinicians moni-
tor neuromuscular function “often” (defined as “almost 
daily”), while 83% use no monitoring or use subjective 
criteria.8 Possible reasons for the apathy in the use of 
neuromuscular objective monitors may include lack of 
concern for the clinical significance of residual neuro-
muscular block or lack of suitable neuromuscular moni-
tors.5,8 Although most clinicians appear to recommend 
that a neuromuscular function monitor be available in 
every operating room, less than half would recommend 
a quantitative monitor, apparently being satisfied with 
subjective assessment or with the equally unreliable clini-
cal testing. This position is difficult to understand, given 
that the capital expenditure required to acquire objective 
monitoring equipment is relatively small, and the cost of 
disposable electrodes is low.8

NEUROMUSCULAR MONITORING
Despite an editorial consensus that monitoring of neuro-
muscular function should be mandatory whenever a non-
depolarizing NMBD is administered,21,22,32–36 this standard 
is far from being implemented universally. Throughout this 

Table 1.  Levels of Neuromuscular Block

Level of Block Depth of Block
Objective Measurement (Quantitative Monitor) at the 

Adductor Pollicis Muscle
Subjective Evaluation (PNS) at the Adductor 

Pollicis Musclea

Level 5 Complete block PTC = 0 PTC = 0
Level 4 Deep block PTC ≥ 1, TOFC = 0 PTC ≥ 1, TOFC = 0
Level 3 Moderate block TOFC = 1–3 TOFC = 1–3
Level 2b Shallow block TOFR < 0.4 TOFC = 4; TOF fade is present
Level 2a Minimal block TOFR = 0.4–0.9 TOFC = 4; TOF fade is not detectable
Level 1 Acceptable recovery TOFR ≥ 0.9 Cannot be determined

Level 2a: This level of block encompasses a wide spectrum of signs and symptoms. At TOF of 0.40, vital capacity is reduced by 26% (8%–41%) and handgrip by 
80%.1 A TOFR in the range of 0.60–0.80 is associated with significant impairment of the swallowing mechanism and the potential for pulmonary aspiration of 
gastric contents.2,3 At a TOFR of 0.70, grip strength is reduced by >40%, and jaw apposition is often impossible (inability to retain a tongue depressor between 
incisor teeth).4 After the TOFR exceeds 0.85, only very mild symptoms of residual weakness should be anticipated, although diplopia and subjective weakness 
may persist for several hours.4

Abbreviations: NMB, neuromuscular blockade; PNC, peripheral nerve stimulator; PTC, posttetanic count; TOF, train of four; TOFC, train-of-four count; TOFR, train-
of-four ratio.
aSubjective evaluation of NMB is not recommended, but it is included as an interim transition from current practice to the preferred, objective monitoring-based 
practice.
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consensus statement, the term “monitor” will be restricted 
to those devices that measure, analyze, and display the 
TOFR in real time (Table  1). These quantitative monitors 
provide an objective measure of the TOFR.

A monitor must be differentiated from a PNS, which 
only provides nerve stimulation without measuring the 
evoked muscular response. These units should be referred 
to as “qualitative devices.” The anesthesiologist is the moni-
tor who makes a subjective evaluation of the strength of the 
muscle response.

Perioperative neuromuscular monitoring has multi-
ple benefits: on induction of anesthesia, absence of a TOF 
response (train-of-four count [TOFC] = 0) signals readiness 
for laryngoscopy and tracheal intubation, improves intu-
bating conditions, and reduces the incidence of vocal cord 
damage.37 Intraoperative monitoring abets optimal surgical 
conditions, guides appropriate NMBD dosing, and signals 
readiness for pharmacologic antagonism.

Achievement of a TOFR ≥0.90 indicates recovery from 
NMB sufficient for tracheal extubation. NMB monitor-
ing has been shown to decrease the incidence of residual 
neuromuscular block and to reduce the incidence of post-
operative airway and respiratory complications.11,20 It is 
estimated that as many as 112,000 patients annually in 
the United States are at risk of adverse respiratory events 
associated with undetected NMB.32 The avoidance of 
postoperative pulmonary complications such as persis-
tent atelectasis and aspiration pneumonitis among oth-
ers is particularly important, since 14%–30% of patients 
who develop them die within 30 days of major surgery.38 
Morbidity is also increased in patients who develop post-
operative pulmonary complications; their length of hospi-
tal stay is prolonged by up to 17 days.38 Health care costs 
are increased by such complications by >$25,000 per hos-
pital admission.39

Neuromuscular Blockade
There is no general consensus for the meaning of terms 
such as “deep” or “moderate” neuromuscular block. 
Recommended definitions for levels of NMB are presented 
in Table 1.40,41 The 2 most superficial levels of block are of 
particular interest as they cannot be detected by subjec-
tive (tactile or visual) observation. They require objective 
measurement.

The current standard for “adequate recovery” from neu-
romuscular block is the return of the TOFR to ≥0.9 measured 
at the adductor pollicis muscle.

Neuromuscular Stimulation Patterns

 1. Single twitch stimulation: Single twitch represents 
the evoked response to an individual stimulus at a 
frequency of 0.1 or 0.15 Hz (1 twitch every 10 or 6.7 
seconds, respectively). This stimulation pattern per 
se has no clinical utility and is primarily used for 
determining the potency (dose response) of NMBDs.

 2. TOF stimulation: TOF stimulation is composed of 
four stimuli separated by 0.5 second (a frequency 
of 2  Hz) and is usually repeated every 10–20 sec-
onds.42–44 The TOFR is calculated by dividing the 
amplitude of the fourth response (T4) by the ampli-
tude of the first response (T1); T4/T1, or the TOFR. 
TOF is the most appropriate mode of neuromuscular 
assessment in clinical practice, and the determina-
tion of the TOFR requires the use of a quantitative 
monitoring device (Table 1).

 3. Tetanic stimulation and post-tetanic twitch count 
(PTC): A unique feature of nondepolarizing block is 
that after a tetanic stimulus, there is a brief augmenta-
tion of the mechanical response. This phenomenon is 
termed post-tetanic facilitation or potentiation. This 
attribute is helpful in determining the depth of block 
when the TOFC is 0. PTC is evaluated by counting 
the number of muscle responses when a sequence of 
20 stimulations at 1 Hz is delivered 3 seconds after a 
5-second, 50-Hz tetanus.45 Tetanic stimuli of higher 
frequencies (100–200 Hz) are unphysiologic as they 
can induce fade even in the absence of NMBDs and 
should not be used clinically.46–48 Tetanic stimulation 
results in acceleration of twitch recovery at the stim-
ulated muscle. This may have clinical implications, 
in that tetanic stimulation “… may lead to unnec-
essary repeated administration of neuromuscular 
blocking agents, or at the other extreme, to false 
estimation that adequate neuromuscular function 
exists.”49 Therefore, tetanic stimulation should not be 
repeated more frequently than every 2–3 minutes.49 
TOF stimulation, unlike tetanic stimulation, does 
not potentiate subsequent neuromuscular responses 
after its application, as long as the interval between 
successive trains is >12 seconds.50 The PTC is used 
to monitor the depth of neuromuscular block when 
deep block is required, as in open-globe ophthalmic 
or certain intracranial operations.51,52 There is never 
an indication for maintaining a PTC of <1 or 2.

For a detailed discussion of the various neurostimulation 
patterns used in the clinical setting, see the recent review by 
Naguib et al.41

Monitoring Sites
Historically, the vast bulk of the early research on the actions 
of NMBDs was performed on the ulnar nerve adductor pol-
licis motor unit using mechanomyography (MMG). This 
unit became the gold standard by which we measure the 
clinical effects of NMBDs. The ulnar nerve also innervates 
the abductor digiti quinti and first dorsal interosseous mus-
cles. These muscles have similar responses to the adduc-
tor pollicis, and their responses are usually measured with 
electromyographic (EMG) monitors. Electrical activation of 

Table 2.  Quantitative and Qualitative Evaluations of 
Neuromuscular Function
Quantitative (Objective) 
Evaluation Qualitative (Subjective) Evaluation
Requires the use of a 

device that measures, 
analyzes, and 
displays the TOFR in 
real time.

Clinicians subjectively estimate (guess) 
the strength of muscle contractions in 
response to TOF stimulation by visual or 
tactile means using a PNS–or

Clinicians infer adequate return of 
neuromuscular function from clinical 
signs, such as 5-s head lift, tidal volume, 
grip strength.

Abbreviations: PNC, peripheral nerve stimulator; TOF, train of four; TOFR, 
train-of-four ratio.
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peripheral motor nerves requires 2 electrodes to produce a 
current flow. The depolarizing (negative) electrode is placed 
distally 1 cm proximal to the wrist crease on the radial side 
of flexor carpi ulnaris, while the other (positive) electrode 
is placed proximally on the volar forearm.53,54 The distance 
between the 2 electrodes should not exceed 5 cm. This orien-
tation ensures maximal neuronal stimulation and muscular 
response.53

If the hand is not accessible for monitoring, stimulation 
of the facial nerve may be used. However, facial muscles 
such as the orbicularis oculi and corrugator supercilii are 
more resistant to the actions of nondepolarizing blockers, 
and their time course (onset and recovery) may differ from 
responses at the hand muscles.55,56 Thus, a TOFC of 4 at 
the face may be accompanied only by a TOFC of 1 or no 
response at the hand.57,58 The electrodes should be placed 
near the stylomastoid foramen (just below and anterior to 
the mastoid bone) or just anterior to the ear lobe to evoke 
contraction of the orbicularis oculi or the corrugator super-
cilii muscles. The evoked response is usually estimated sub-
jectively (not recommended), but can be quantified using 
an acceleromyographic (AMG) transducer. However, even 
AMG responses may be suspect, as the amplitude of the 
evoked response is usually weak. Facial nerve stimulation 
should not be used to assess adequacy of reversal because 
of the difference in sensitivities between hand and facial 
muscles. The stimulator electrodes must be moved to the 
ulnar nerve at the end of the surgical procedure to ensure 
adequate recovery of neuromuscular function at the adduc-
tor pollicis muscle before tracheal extubation.

QUANTITATIVE (OBJECTIVE) NEUROMUSCULAR 
MONITORS
NMBDs have no effect on muscle contractility nor on mus-
cle membrane excitability. However, direct muscle stimula-
tion can result in an evoked response even when the level 
of drug-induced paralysis is profound; this is often the case 
when monitoring facial muscles.

Mechanomyography
The majority of the early research on neuromuscular func-
tion was performed by measuring the mechanical response 
with a force transducer to indirect muscle stimulation.59 
MMG measures isometric muscle contraction (usually 
the adductor pollicis muscle) in response to ulnar nerve 
stimulation. Despite its precision and repeatability, MMG 
has several limitations: it requires bulky equipment, unen-
cumbered access to the monitored hand, application and 
maintenance of pretension (preload) of 200–300 g, and an 
elaborate setup that requires a fixed arm position through-
out the surgical procedure to retain baseline calibration. 
While MMG recordings are considered a “gold standard” 
for accuracy, no MMG device is commercially available for 
routine clinical use in the operating room, and because of 
technical considerations, it is doubtful that this situation 
will change.

Electromyography
An alternative gold standard to MMG is EMG. EMG mea-
sures the peak-to-peak amplitude or the integrated area 
under the waveform curve of the evoked muscle action 

potential to measure the intensity of the evoked response. 
The agreement between EMG recordings and other meth-
ods of monitoring neuromuscular function has been studied 
extensively.60–62 While evoked EMG and MMG responses do 
show minor dissimilarities, the 2 can be used interchange-
ably. In theory, measuring the electrical response of muscle 
(EMG) rather than the mechanical response (MMG) as a 
barometer of neuromuscular transmission has advantages. 
The EMG is not affected by changes in muscle contractility; 
immobilization of the muscle to be studied is not essential, 
and no preload is needed; restricted motion of the thumb 
(eg, when the patient’s arms are tucked at the sides) does 
not prevent EMG neuromuscular monitoring; and sites 
other than the hand are more easily monitored, if the arms 
are not available. In addition, the EMG response is less 
dependent on maintenance of intraoperative normothermia 
than mechanical techniques.63,64

At present, there are no commercially available free-
standing, battery-operated EMG monitors, although mem-
bers of the panel are aware of several companies that have 
expressed an interest in developing one. At least 1 manufac-
turer (eg, GE Healthcare, Chicago, IL) has an EMG module 
that can be included in their integrated patient monitoring 
systems (ElectroSensor NMT Module).

Acceleromyography
This approach to neuromuscular monitoring is based on 
Newton’s second law of motion (force = mass × accelera-
tion). Since the mass of the thumb remains constant, accel-
eration is directly proportional to force. For measurement 
of acceleration, a piezo-electric ceramic wafer is fixed to the 
thumb. When the thumb moves as a result of ulnar nerve 
stimulation, an electrical signal is produced in the piezo-
electric crystal that is proportional to the thumb acceleration. 
This signal can be digitized, processed, and electronically 
displayed in real time.65,66

Raw AMG data have an idiosyncrasy. In contrast to 
MMG and EMG where the control (baseline) TOFR approx-
imates 1.00 (100%), the control AMG-measured TOFR is 
more likely to be >1.00 (>100%). Values between 1.10 (110%) 
and 1.20 (120%) are common, and values of 1.40 (140%) are 
not rare.67 Thus, if the baseline TOFR is 1.47 (147%), postop-
erative return of the displayed TOFR to a value of 0.90 (90%) 
would correspond to an actual TOFR of only 0.61 (61%) (0.9 
÷ 1.47 = 0.61). If it is known that the AMG device being used 
displays raw TOFR data, such a mathematical correction 
(normalization) needs to be applied. Therefore, when using 
AMG, a more precise definition of acceptable recovery of 
NMB would be return of TOFR to 90% of the baseline TOF 
value.

To simplify routine clinical use, several AMG manu-
facturers do not allow their units to display TOFRs >1.00 
(100%). This may give clinicians erroneous information 
regarding the acceptable level of recovery. Unfortunately, 
the algorithms many units employ in converting raw to 
displayed values are often not shared with the user. AMG 
monitors may be difficult or impossible to use clinically 
when the free movement of the thumb cannot be assured. 
The TOF-Watch is no longer commercially available world-
wide. Several new hand-held AMG monitors have been 
recently introduced which employ triaxial or 3-dimensional 
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technology to make their transducers less dependent on 
correct alignment of the piezoelectric wafer with the direc-
tion of thumb movement. However, most of the AMG units 
on the market have not been validated against an EMG or 
MMG gold standard device.

Kinemyography
An alternate approach to the use of a piezoelectric motion 
sensor was developed, wherein “deformation of a piezo-
electric substance causes a redistribution of charge in the 
material which leads directly to electron flow to balance the 
charge.”68 The electron flow produces a voltage that is mea-
sured by electrodes placed across the piezo material. The 
charge is rapidly dissipated owing to internal resistance; 
thus, only dynamic changes can be measured when using 
these devices.68 Sensor output occurs when the piezo mate-
rial film spans a movable joint and muscle movement from 
evoked stimulation bends the piezoelectric film, which gen-
erates a voltage proportional to the amount of bending. To 
distinguish this technology from AMG, it is referred to as 
kinemyography (KMG). There is at least one manufacturer 
that currently markets a monitor employing this technol-
ogy (GE Healthcare MechanoSensor-NMT Module, GE 
Healthcare). KMG gives measurements that are repeatable 
and provides reasonable correlation with a force transducer. 
Thus, they can be used clinically to assess recovery from 
neuromuscular block. However, the wide limits of agree-
ment of KMG with MMG and EMG rule out research appli-
cations.69 As with AMG monitors, KMG monitors cannot be 
used clinically when the thumb movement is restricted.

LIMITATIONS OF NEUROMUSCULAR MONITORING
Despite the relatively low cost of neuromuscular monitors, 
particularly when considering the economic costs associ-
ated with complications that result from unmonitored care, 
the acceptance of neuromuscular devices in clinical practice 
remains poor. A recent survey of the most common diffi-
culties experienced during objective monitoring (using 
AMG in 91% of cases) included perceived error messages 
on the monitor (27% of respondents), fluctuating TOF val-
ues (41%), position of the patients’ arm (16%), and calibra-
tion problems including differences between visual and 
objective measurements (6%).70 A major limitation to wide 
spread adoption of objective neuromuscular monitors is 
not their cost, but their ease of use. New monitors that will 
not be affected by patient hand positioning, that are self-
calibrating, that are reliable, that are easy to set up, and that 
produce repeatable responses are needed.

CURRENT CONSENSUS STATEMENTS REGARDING 
THE USE OF NMB MONITORING
Over the last 2 decades, recommendations on the use of 
NMB monitors have been published by several professional 
societies and organizations throughout the world. For the 
most part, these consensus statements endorse the use of 
quantitative monitoring in place of clinical signs or sub-
jective assessments of TOF fade. For example, in 2000, the 
French published recommendations regarding the “man-
agement of incomplete reversal of neuromuscular block-
ade.” This document states that “clinical assessment cannot 
guarantee the absence of residual blockade; instrumental 

monitoring is the main means for assessment of reversal of 
NMB. It is based on the TOF stimulation at adductor polli-
cis, with visual or tactile evaluation of the evoked response. 
The presence of 4 responses to the TOF stimulation is not 
a sufficient criterion of full reversal of blockade. It must be 
confirmed by the absence of fade with double burst stimula-
tion (DBS) or TOF recording.”71

In 2010, the Board of the Czech Society of Anaesthesiology 
and Intensive Care Medicine published consensus-based 
practice parameters regarding NMB monitoring. They 
concluded that both clinical assessment and subjective 
evaluation of evoked responses are unreliable, and using 
a monitoring device “appears to be the most appropriate 
method at present time.”

The Association of Anaesthetists of Great Britain and 
Ireland 2016 consensus document on the standards of moni-
toring during anesthesia and recovery72 states that “… an 
objective, quantitative peripheral nerve stimulator is the 
best way to monitor the degree of neuromuscular block-
ade” and “Ideally the adductor pollicis muscle response to 
ulnar nerve stimulation at the wrist should be monitored.” 
This document also states “a peripheral nerve stimulator is 
mandatory for all patients receiving neuromuscular block-
ade drugs” and “a quantitative peripheral nerve stimula-
tor is required to accurately assess the train of four ratio, 
but other stimulation modalities (eg double burst or post 
tetanic count) can also be used for assessment.” The authors 
concluded that “anaesthetic departments are encouraged to 
replace existing qualitative nerve stimulators with quantita-
tive devices.”

As of the date this article was written, the American 
Society of Anesthesiologists (ASA) has remained silent 
on the need for monitoring of neuromuscular function in 
the perioperative period. The ASA Standards for Basic 
Anesthetic Monitoring (amended in 2010 and affirmed in 
2015) makes no mention of the need for neuromuscular 
monitoring.73 The reason for their reticence to address this 
issue is unclear.

How This Consensus Statement Differs From 
What Is Already Available
This consensus statement stresses 2 issues. First, the state-
ment reiterates that visual and/or tactile (subjective) evalu-
ation of evoked responses is unreliable. While subjective 
assessment may help clinicians assess complete block 
(when PTC = 0), deep block (when PTC ≥1 and TOFC = 0), 
and moderate block (TOFC = 1–3; Table 1), readiness for tra-
cheal extubation (TOFR ≥0.90) cannot be assured by subjec-
tive evaluation, as the absence of subjective fade does not 
consistently identify complete recovery. Quantitative moni-
toring is required to establish complete recovery. Second, 
the absence of fade to DBS to ensure adequate recovery 
from NMB is also unreliable. DBS (a mini-tetanic sequence 
of 3 stimuli at 50 Hz, followed 750 milliseconds later by 
another sequence of 2 or 3 stimuli at 50 Hz) fails to identify 
(by subjective means) the presence of NMB at a TOFR of 
≥0.60.74 The consensus of this panel is that these modalities 
are inadequate to differentiate shallow or minimal blockade 
from acceptable recovery and that unrecognized shallow or 
minimal blockade may lead to an unacceptable increase in 
the risk of perioperative critical respiratory events.
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PRACTICAL HURDLES TO OVERCOME IN 
IMPLEMENTING RECOMMENDATIONS
Some authors have asked, “Why, with the growing volume 
and apparent quality of evidence and with the growing tech-
nological and organizational efficiency of indexing, stor-
ing, retrieving, synthesizing, and disseminating evidence, 
would practitioners … seem to be having difficulty incor-
porating the evidence into their practices and using it more 
assiduously?”24 The gap between science and practice is due 
to multiple factors: on the one hand, clinicians may insist 
that their practice is best tailored for their patients and they 
do not need to change it regardless of novel scientific data. 
On the other hand, researchers are convinced that their data 
are so important and applicable to routine practice that pub-
lication of scientific results will be inevitably embraced and 
adopted by all practitioners. An additional barrier to acquir-
ing and implementing new knowledge is not necessarily the 
understanding of new concepts, but rather the unlearning 
of old and outdated “knowledge.” This unlearning process 
has been termed “deimplementation” or “deadoption,” and 
physicians have a particularly difficult time unlearning out-
dated practices.75 Much has been written in the past decade 
about evidence-based medicine, and its role in abandoning 
ineffective medical practices to both improve patient safety 
and contain health care costs.76 But change in medical prac-
tices that are not evidence based (deimplementation) is time 
consuming, costly and biased. For instance, some physi-
cians would consider changing their practice only if it were 
proven to be harmful.76

Another major hurdle to the implementation of objec-
tive monitoring is the limited experience with this modal-
ity in the anesthesia community. Clinicians who have little 
exposure to objective monitors are often unaware of the 
subtle yet important differences between data obtained 
from quantitative monitors and the limited (and errone-
ous) information generated by subjective evaluation using 
PNS or clinical signs of recovery. Moreover, many of the 
consequences of inadequate reversal seem to be either 
readily correctable in the PACU (with supplemental oxy-
gen, airway manipulation/jaw thrust, or nasal airway) 
or occur after the clinician has left the patient’s bedside 
to return to the operating room. Lack of monitoring 
expertise and inadequate assessment of neuromuscular 
function at the time of transfer of care to the PACU staff 
result in a belief that such monitoring is unnecessary. By 
contrast, clinicians with experience in quantitative moni-
toring recognize the wide variability in the duration of 
action of neuromuscular blocking agents, the exaggerated 
responses that can occur to even small doses of such drugs, 
the slow and incomplete reversal after “normal” doses of 
neostigmine or sugammadex, and the immediate difficul-
ties encountered by the elderly, the obese, or respiratory-
compromised patients.

Moreover, currently available devices are less than ideal. 
In addition to the limitations of AMG monitors, the major-
ity of the quantitative monitors currently marketed may be 
difficult or impossible to use when the hand is not easily 
accessible. If for technical reasons (eg, positioning) these 
devices cannot be employed in a significant percentage of 
a clinician’s patients, it is unlikely that the monitor will be 
ever viewed as essential to daily practice. It is the view of 

this panel that the ideal quantitative monitor should be an 
EMG device. If integrated into a patient monitoring sys-
tem, data output (TOFR and counts, PTCs, and perhaps 
EMG waveforms) should be retrievable from the anesthesia 
department’s electronic record keeping system. However, 
a free-standing, battery operated, portable device would 
also be welcomed by those practices that do not have the 
ability to integrate NMT modules into their anesthesia 
workstations.

EDUCATION AND TRAINING RECOMMENDATIONS
Detailed national society guidelines regarding neuromuscu-
lar monitoring, combined with improved monitoring tech-
nology, would represent a major step toward achieving the 
goal of “potentially eliminating residual paralysis.” As with 
pulse oximetry, expired gas analysis, temperature monitor-
ing, and other now-standard monitors, clinicians need to be 
convinced of the value of such monitors, not simply be told 
to use them.

This panel recommends implementation of an educa-
tional program for all anesthesia practitioners who use or 
may use NMBDs. An outline for education and training is 
listed in Table 3.

Suggested Approaches to Quality Improvement 
Using NMB Monitoring
The panel proposes the following steps for anesthesia care 
providers to consider to improve the quality of NMB moni-
toring at their institutional level. The first step is to charac-
terize the incidence of residual NMB at their institutional 
level. To accomplish this assessment, anesthesia care pro-
viders should measure the TOFR using a quantitative moni-
tor upon arrival to the PACU in 100 consecutive patients 
who have received a nondepolarizing NMBD and report 
their findings to their clinician group. The intent of this 
step is to characterize the incidence of residual NMB and 
to expose clinicians to the use of quantitative monitoring to 
detect shallow and minimal NMB.

The second step is for anesthesia group leadership 
to promote “buy-in” to the new monitoring regimen by 
convening an advisory group comprising representatives 
from all clinical stakeholders (anesthesiologists, certified 
nurse anesthetists, recovery room nurses, and surgeons 
who request NMB). The advisory group would be tasked 
with identifying NMB monitor implementation barriers 
and recommend solutions to overcome them. An obvious 
necessity would be for quantitative monitors to be made 
readily available in every operating room and their cor-
rect performance repeatedly checked by qualified person-
nel. The intent of this step is to ensure that the anesthesia 
group leadership understands that NMB monitoring is 
crucial for patient safety and to underscore the impor-
tance of providing recurring opportunities for educa-
tion and training for members of their group. Anesthesia 
group leadership, combined with education and training 
opportunities, will be required to convince clinicians of 
the need for transition from PNS to NMB monitor. As was 
clearly shown by changes in 1 institution, implementation 
of neuromuscular monitoring requires a continual process 
of education, repeated surveys of practice, and frequent 
feedback to clinicians.20,29,77
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The third step is to evaluate the impact of NMB monitor-
ing once implemented. The panel recommends a “before-
and-after” implementation design that measures important 
patient outcomes, such as incidence of residual NMB when 
patients enter the PACU and the incidence of adverse 
respiratory events during the first 24 hours after surgery. 
Outcome measures should be clearly defined a priori.

BENEFITS OF CONSENSUS STATEMENT 
IMPLEMENTATION

 1. Changing clinical practice: Modern medical practice 
is based on the use of guidelines and protocols. Best 
practice protocols should be simple to distribute 
both electronically among colleagues and staff and 
in hard-copy format for display in operating suites 
and other sites where anesthesiologists provide clini-
cal care. Trainees are more likely to adhere to clinical 
guidelines if they are incorporated early into their 
educational track and would mount less resistance to 
incorporating them into their own routine practice. 
The introduction of minimal mandatory monitor-
ing guidelines for practice during general anesthesia 
>30 years ago has resulted in their routine use. Such 
mandatory guidelines no longer are questioned.78

 2. Benefits of neuromuscular monitoring: It is rational 
for objective monitoring to be included in the mini-
mal requirements necessary during every general 
anesthetic when NMBDs are administered. If NMB 
is monitored perioperatively, and residual block 
is avoided in the postanesthetic care unit, there is 
evidence that length of stay in the recovery area 
is shortened.79 There is also a reduced incidence 

of postoperative respiratory complications.11,20,80 
Avoidance of all such complications will shorten 
the length of hospital stay and the cost of hospital 
admission.

 3. Lead by professional organizations: There is peer-
reviewed evidence that recommendations found in 
guidelines are accepted by the majority of recipients.81 
It also has been demonstrated that to improve clini-
cal effectiveness, routine mechanisms should be used 
to promote organizational change.82 In other words, 
the same approach should be used for every new 
change in practice. This direction should come from 
major professional organizations; this is as important 
as changing an individual’s attitudes and beliefs.82 
Introduction of guidelines for neuromuscular moni-
toring in this way would increase its use; once it is 
accepted and required by one organization or institu-
tion, others will likely follow, resulting in the establish-
ment of “local standards of practice.” It is essential that 
such change in practice be introduced and supported 
initially by large and respected professional organiza-
tions, which will lead the way to acceptance of such 
changes regionally, nationally, and internationally. 
Symposia and panel discussions should be organized 
at national meetings. Accreditation standards should 
be determined nationally by such organizations, 
which should require residency and fellowship train-
ing on perioperative neuromuscular monitoring.

 4. Implementation: Implementation of this statement 
must be supported by directors of anesthesia ser-
vices at individual institutions and by program 
directors of training programs. The individuals 

Table 3.  Recommended Education, Training, and NMB Monitoring Equipment
Education learning objectives
 Define the incidence of residual NMB and current utilization rates of PNS devices and quantitative monitors.
 Differentiate between quantitative and qualitative monitoring with emphasis on inadequacies of PNS.
 Understand that clinical findings of tests such as the 5-s head lift, tidal volume, hand grip, etc, are unreliable signs and no longer have a place 

in evaluation of neuromuscular function.
 Describe the levels of NMB and findings from quantitative monitoring that define each level.
 Demonstrate proper electrode placement (anode/cathode orientation and distance between electrodes).
 Understand the clinical implications of monitoring site (ulnar versus facial nerve).
 Describe NMBD and reversal agent pharmacology with emphasis on how interpatient variability impacts the duration of NMB.

Training
 Training should be provided by anesthesia care providers experienced in using NMB monitoring to guide administration of NMBDs and their 

reversal agents. An experienced anesthesia care provider is one who has used an NMB monitor to manage NMBDs in at least 50 patients.
 Training should be in situ at the point of care by an anesthesia care provider experienced in NMB monitoring. Trainees should use the device in 

the presence of an experienced anesthesia care provider until competent in interpreting and using TOFR data to guide NMBD administration 
and reversal. Competence is at the discretion of the trainer, but should include a mastery of the concepts presented in the education 
section of this table. The suggested minimum number of patients in which a trainee uses objective monitoring in the presence of an 
experienced individual is ten.3

  Experienced individuals should remain available to troubleshoot the use of monitors (and respond immediately to the complaints of “it is not 
working”).

Equipment recommendations
 Quantitative monitors should be available at all anesthetizing sites where nondepolarizing NMBDs are administered.
 Ensure quantitative monitors are checked for proper function and are maintained by qualified personnel at the recommended intervals of the 

device manufacturer.
 EMG devices offer advantages over other categories of monitoring devices: immobilization of the muscle to be studied is not essential and no 

preload is needed; restricted motion of the thumb (eg, when patient’s arms are tucked sides) does not prevent neuromuscular monitoring; 
and sites other than the hand are more easily monitored if the arms are not available.

 Data from quantitative monitors should be integrated into electronic medical records.

Abbreviations: EMG, electromyography; NMB, neuromuscular blockade; NMBD, neuromuscular blocking drug; PNS, peripheral nerve stimulator; TOFR, train-of-four 
ratio.
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and organizations able to effect such changes from 
an administrative and financial standpoint must be 
then responsible for improving anesthetic practice 
and patient outcome. This will prove easier in the 
workplace if clear and easily accessible guidelines 
are produced by those national and international 
organizations in authority to do so.

 5. Education and audit: An ongoing educational pro-
gram is essential for the establishment of a change 
in routine practice. Reinforcement of knowledge 
and understanding of a new routine must be led by 
administrative chairs of departments of anesthesi-
ology. Plans to monitor and evaluate such changes 
in practice should also be instituted, which in turn 
will lead to improved patient care.83 Obstacles to 
change should be identified within an institution and 
removed whenever possible. Appropriate research 
studies, preferably multiinstitutional and compris-
ing large data-based outcomes, should be developed 
to investigate the obstacles to change; these outcome 
data will need to be deidentified to obtain accurate 
information. Changes in practice can be considered 
as knowledge orientated and behavior orientated.84 
Staff must be first educated in the evidence base for 
the introduction of neuromuscular monitoring. If 
appropriate, a multidisciplinary approach involv-
ing all staff members of the operating room involved 
with anesthesia care should be then taken to instigate 
such change. This will lead to better team practice.85 
Changes will also make the department more easily 
accountable, change behavior patterns in general, and 
make practitioners more open to change in the future.

CONCLUSIONS AND RECOMMENDATIONS
The panel recommends that whenever a neuromuscular 
blocker is administered, neuromuscular function must be 
monitored by observing the evoked muscular response to 
peripheral nerve stimulation. Ideally this should be done at 
the hand muscles (not the facial muscles) with a quantita-
tive (objective) monitor. Objective monitoring (and docu-
mentation of TOFR ≥0.90) is the only method of assuring 
satisfactory recovery of NMB and patient safety. If a quan-
titative monitor is not available, the interim option is quali-
tative evaluation employing a PNS. Qualitative evaluation 
with a PNS device has substantial limitations; the absence of 
subjective tactile or visual fade does not guarantee adequate 
clinical recovery, and its proper use still requires an educa-
tional program. Clinical tests such as the 5-second head lift, 
tidal volume assessment, hand grip strength, etc are unreli-
able signs and should no longer be used in evaluating the 
adequacy of neuromuscular function.

The panel acknowledges that publishing a consensus 
statement per se will not result in widespread acceptance, 
adherence to its recommendations, or change in routine 
practice. Making quantitative monitors available in oper-
ating rooms will not ensure their use.20 Implementation of 
objective NMB monitoring will require professional societies 
and anesthesia department leadership to champion its use to 
overcome anesthesia practitioner resistance. Implementation 
strategies should include education and training.20,29

The expectation of this panel is that successful imple-
mentation of these recommendations will improve patient 
safety, quality of care, and cost-effectiveness. In addition, it 
is the aim of this panel to encourage professional societies to 
develop clinical guidelines for perioperative neuromuscu-
lar monitoring. Finally, the panel endorses a short transition 
period from clinical use of PNS devices to objective NMB 
monitoring. E
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