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New Practice Guidelines for Neuromuscular Blockade

by Connie Chung, MD, Joseph W. Szokol, MD, JD, MBA, Wade A. Weigel, MD, and Stephan R. Thilen, MD, MS

The American Society of Anesthesiologists
(ASA) Committee on Practice Parameters (CPP),
chaired by Karen Domino, MD, MPH, created a
task force to develop guidelines for neuromus-
cular blockade (NMB) to improve patient safety
and satisfaction. The Anesthesia Patient Safety
Foundation (APSF) and its leadership have long
advocated for guidelines on the use of NMB, its
monitoring, and reversal, given the patient
safety risk of residual muscle weakness. The
task force, co-chaired by Stephan Thilen, MD,
MS, and Wade Weigel, MD, developed the
2023 ASA Practice Guidelines for Monitoring
and Antagonism of Neuromuscular Blockade,
which were published in a January issue of
Anesthesiology.! This article will provide an
overview of the new guidelines.?

The practice guidelines present eight recom-
mendations regarding the type of monitoring of
neuromuscular blockade, location of monitor-
ing, and medications used to achieve appropri-
ate reversal of neuromuscular blockade. Six
recommendations (1-6) were classified as
strong recommendations with moderate
strength of evidence. The two remaining rec-
ommendations (7—-8) were classified as condi-
tional recommendations with low and very low
strength of evidence, respectively.

Neuromuscular blocking drugs are commonly
used and have been shown in the literature to be
associated with an incidence of residual block-
ade at the end of surgery and/or in the postan-
esthesia care unit (PACU) of up to 64%.%3
Residual blockade is associated with numerous
complications, such as upper airway obstruc-
tion, reintubation, atelectasis, pneumonia, pro-
longed PACU stay, and decreased patient
satisfaction.*”

Quantitative assessment of neuromuscular
blockade can be performed with peripheral nerve
stimulators that deliver four brief electrical pulses.
The amplitude of the fourth twitch divided by
the amplitude of the first twitch results in a train-
of-four (TOF) ratio. The baseline TOF ratio in the
unparalyzed patient should be 1.0, indicating all
four twitches have equal amplitude. The smaller
the TOF ratio, the greater the degree of paraly-
sis. There is a broad consensus that acceptable
recovery of neuromuscular function is defined
as a TOF ratio greater than or equal to 0.9."
However, despite multiple studies reporting sig-
nificant benefits of quantitative monitoring of
neuromuscular blockade, it has not been

“Quantitative monitoring of neuromuscular
blockade is recommended at the adductor pollicis
muscle to confirm a TOF ratio greater than

or equal to 0.9 before extubation, accompanied
by the use of sugammadex or neostigmine for

antagonism of blockade.”
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widely adopted among all anesthesia profes-
sionals.! A 2019 international survey identifies
several factors that have contributed to the
slow adoption of quantitative monitoring: anes-
thesia professionals’ overconfidence in the
assessment of neuromuscular blockade depth,
an underappreciation of the frequency of resid-
ual neuromuscular blockade and its clinical
consequences, and a lack of commercially
available quantitative TOF monitors that are
user-friendly and inexpensive.®

Qualitative assessment of neuromuscular
blockade is more frequently used by anesthe-
sia professionals.! Following peripheral nerve
stimulation, one performs visual inspection or
manual (tactile) evaluation for subjective
assessment of thumb movement, resulting in a
TOF count. However, studies have shown that
clinically significant weakness cannot be identi-
fied with this technique, as fade cannot be reli-
ably appreciated until the TOF ratio is less than
approximately 0.4.° Another common approach
is subjective assessment of sustained head lift
or grip strength. However, studies have also
shown that these maneuvers are not sensitive
enough to detect residual neuromuscular
blockade, as 80% of patients with a TOF ratio
<07 could perform a head lift maneuver.®

Moreover, the duration of action of neuro-
muscular blocking drugs has great interpatient
variability, and it is not possible to use time inter-
vals to predict when the block has regressed to
a specific depth of block. The practice guide-
lines cite 11 studies that were pooled and ana-
lyzed, reporting lower incidences of residual
neuromuscular blockade with quantitative mon-
itoring compared with qualitative or clinical

assessment (Supplemental Tables S8 and S9
(Note: link downloads a Word doc), https:/links.
Iww.com/ALN/C928).! Therefore, when neuro-
muscular blocking drugs are administered,
clinical assessment alone is not recommended
to avoid residual neuromuscular blockade (Rec-
ommendation 1), and quantitative monitoring is
recommended over qualitative assessment to
reduce the risk of residual neuromuscular
blockade (Recommendation 2).'

Residual neuromuscular blockade was ini-
tially defined as a TOF ratio less than 0.7, based
on earlier work showing that vital capacity and
inspiratory force had recovered to near normal
at this ratio," but numerous later studies have
shown that patients have clinical symptoms of
weakness with a train of four ratio less than
0.9.2 As mentioned, the practice guidelines rec-
ommend using quantitative TOF monitoring,
and the guidelines specifically recommend con-
firming a TOF ratio greater than or equal to 0.9
before extubation, as there is a lower incidence
of residual neuromuscular blockade compared
to when the TOF ratio was not confirmed to
recover to this level (Recommendation 3)."

Of note, various types of quantitative TOF
monitors exist, such as acceleromyography,
electromyography, kinemyography, and mech-

“Disclaimer: ASA practice guidelines aim to improve
patient care, safety, and outcomes by providing up-to-
date information for patient care. Practice guidelines are
subject to revision as warranted by the evolution of
medical knowledge, technology, and practice. Practice
guidelines are not intended as standards or absolute
requirements to replace local institutional policies, and
their use cannot guarantee any specific outcome.!

See “NMB Practice Guidelines,” Next Page
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Quantitative Monitoring is Recommended by NMB Guidelines Over
Qualitative Assessment to Reduce Residual Neuromuscular Blockade
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anomyography. The guidelines present two
supplemental tables that summarize the last 30
years of data regarding the agreement among
technologies (bias) as TOF differences at a
given TOF ratio (Supplemental Table 24 (Note:
link downloads a Word doc), https://links.lww.
com/ALN/C928) and as time to attain a given
TOF ratio (Supplemental Table 26 (Note: link
downloads a Word doc), https://links.lww.com/
ALN/C928). These data indicate there are dif-
ferences among technologies (a discussion of
which is beyond the scope of this article), but
the guidelines state there is no preferred type
of quantitative neuromuscular monitor.'

The practice guidelines state that acceptable
recovery of all muscles from neuromuscular
blockade optimizes patient safety, and there-
fore, measurements “should be obtained at
sites with longer times to recovery.” Studies
have shown that eye muscles (corrugator
supercilii and orbicularis oculi) are relatively
resistant to neuromuscular blocking drugs com-
pared to the adductor pollicis muscle.! There-
fore, the time to reach a TOF ratio greater than
or equal to 0.9 at the adductor pollicis muscle
was longer than the time to reach this threshold
at the eye muscles (Supplemental Tables S15
and $16 (Note: link downloads a Word doc),
https:/links.lww.com/ALN/C928).! Therefore, it
is recommended to use the adductor pollicis
muscle for neuromuscular monitoring (Recom-
mendation 4), and it is recommended to avoid
using eye muscles for neuromuscular monitor-
ing (Recommendation 5).! The guidelines also
state that if intraoperative neuromuscular moni-
toring has been performed at the eye muscles
because no other site was easily accessible
intraoperatively, then changing the site to the
adductor pollicis muscle before antagonism is
recommended.'

Efficacious pharmacologic antagonism of
neuromuscular blockade depends on the
depth of blockade. The practice guidelines use
the same scheme for classification of different
depths of block presented in the 2018 Consen-
sus Statement on Perioperative Use of Neuro-
muscular Monitoring (Table 1)."* Aminosteroid
induced neuromuscular blockade can be
antagonized in two ways. Anticholinesterases
inhibit acetylcholinesterase and butyrylcholin-
esterase, prolonging the presence of acetyl-
choline at the neuromuscular junction.
Neostigmine was the only anticholinesterase
that was evaluated in the practice guidelines, as
edrophonium is no longer available in the
United States. Sugammadex is a selective
relaxant binding agent, and it can antagonize

Table 1: Depths of Neuromuscular Blockade by Quantitative and Qualitative

Measurement.

Depth of Blockade

Peripheral Nerve Stimulator
and Qualitative Assessment

Quantitative Monitor

Complete Posttetanic count=0 Posttetanic count=0

Deep Posttetanic count > 1; train-of- | Posttetanic count > 1; train-of-
four count=0 four count=0

Moderate Train-of-four count =1-3 Train-of-four ratio = 1-3

Shallow* Train-of-four count = 4; Train-of-four ratio < 0.4
train-of-four fade present

Minimal* Train-of-four count = 4; Train-of-four ratio = 0.4—-0.9
train-of-four fade absent

Acceptable recovery Cannot be determined Train-of-four ratio > 0.9

*The quantitative threshold of train-of-four ratio of 0.4 cannot reliably be subjectively determined by the presence or
absence of fade in the train-of-four ratio response. The absence of subjectively appreciated fade has been reported
with a train-of-four ratio of less than 0.3, and the presence of fade has been reported with train-of-four ratio of

greater than 0.7.

Deep: post-tetanic count greater than or equal to 1and train of four count O; moderate: train of four count 1to 3; shallow: train of
four count 4 and train of four ratio less than 0.4; minimal: train of four ratio 0.4 to less than 0.9.

Table 5 from the 2023 ASA Practice Guidelines for Monitoring and Antagonism of Neuromuscular Blockade: A
Report by the American Society of Anesthesiologists Task Force on Neuromuscular Blockade. Reprinted and

modified with permission from Wolters Kluwer Health, Inc.

any depth of block that is induced by
rocuronium or vecuronium. It is more effica-
cious than neostigmine for antagonism of deep,
moderate, and shallow levels of block and is
recommended for antagonism of these depths
of neuromuscular blockade (Recommendation
6).! The FDA-approved dose recommendations
for antagonizing rocuronium or vecuronium
with sugammadex are 2 mg/kg for TOF count =
2 to TOF ratio < 0.9, 4 mg/kg for posttetanic
count =1to TOF count =1, and 16 mg/kg for
immediate antagonism after administration of a
single dose of rocuronium 1.2mg/kg."

Neostigmine is efficacious for antagonism of
minimal block (TOF ratio > 0.4 t0 < 0.9), and it is
recommended as a reasonable alternative to
sugammadex for antagonism of minimal block
(Recommendation 7).' If neostigmine is used for
antagonism of a block that is deeper than mini-
mal blockade, the degree of antagonism will
vary between patients. If qualitative assessment
is used, it is not possible to determine when
recovery to a TOF ratio > 0.9 is attained. The
guidelines include a comment on this situation:
“Depending on clinical judgment and in the
context of quantitative monitoring, neostigmine
may be considered for a depth of block deeper
than minimal (TOF ratio of 0.4 to 0.9), with the
understanding that deeper blocks will require
more time to attain a TOF ratio greater than or
equalto 0.9

Studies examining the adverse effects of
sugammadex and neostigmine (co-adminis-
tered with glycopyrrolate) do not favor either

drug. The practice guidelines cite more than 75
studies that did not detect a difference between
sugammadex and neostigmine in the incidence
of pulmonary complications, anaphylaxis, bra-
dycardia, or tachycardia (when administered
with glycopyrrolate), postoperative nausea
alone, and postoperative vomiting.

Benzylisoquinolinium neuromuscular
blocking drugs, such as atracurium and cisa-
tracurium, can only be antagonized by acetyl-
cholinesterase inhibitors. The antagonist
effect of neostigmine, the most used acetyl-
cholinesterase inhibitor, is maximal within 10
minutes.”® Moreover, neostigmine’s efficacy is
significantly improved when antagonizing
minimal block compared to deeper levels of
block. Therefore, Recommendation 8 states
that to avoid residual neuromuscular block-
ade when qualitative assessment is used,
antagonism of a cisatracurium- or atracurium-
induced block should not be initiated before
there is absence of subjectively assessed
fade in the train of four response and at least
10 minutes should elapse from antagonism
with neostigmine to extubation." When quanti-
tative monitoring is used, extubation can be
done as soon as a train of four ratio greater
than or equal to 0.9 is confirmed.

CONCLUSION
Residual neuromuscular blockade is an
important patient safety issue, and recently
published practice guidelines present eight

See “NMB Practice Guidelines,” Next Page
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Residual Neuromuscular Blockade Remains
an Important Patient Safety Issue
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SUMMARY OF RECOMMENDATIONS'

1. When neuromuscular blocking drugs are
administered, we recommend against
clinical assessment alone to avoid resid-
ual neuromuscular blockade, due to the
insensitivity of the assessment.!

2. We recommend quantitative monitoring
over qualitative assessment to avoid
residual neuromuscular blockade.

3.When using quantitative monitoring,
we recommend confirming a train of
four ratio greater than or equal to 0.9
before extubation.

4. We recommend using the adductor polli-
cis muscle for neuromuscular monitoring.

5. We recommend against using eye mus-
cles for neuromuscular monitoring.

6. We recommend sugammadex over neo-
stigmine at deep, moderate, and shallow
depths of neuromuscular blockade
induced by rocuronium or vecuronium, to
avoid residual neuromuscular blockade.

7. We suggest neostigmine as a reasonable
alternative to sugammadex at minimal
depth of neuromuscular blockade.

8. To avoid residual neuromuscular block-
ade when atracurium or cisatracurium are
administered and qualitative assessment
is used, we suggest antagonism with neo-
stigmine at minimal neuromuscular block-
ade depth. In the absence of quantitative
monitoring, at least 10 minutes should
elapse from antagonism to extubation.
When quantitative monitoring is utilized,
extubation can be done as soon as a train
of four ratio greater than or equal to 0.9 is
confirmed before extubation.

recommendations for the monitoring and
antagonism of neuromuscular blockade in the
United States that are supported in the litera-
ture. Quantitative monitoring of neuromuscular
blockade is recommended at the adductor
pollicis muscle to confirm a TOF ratio greater
than or equal to 0.9 before extubation, accom-
panied by the use of sugammadex or neostig-
mine for antagonism of blockade. Recognizing
that quantitative monitoring may not be avail-
able in all practice settings, qualitative monitor-
ing of the TOF count can guide dosages and
timing of reversal agents of neuromuscular
blocking drugs.
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