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Monitoring Neuromuscular Transmission
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SUMMARY

Persistent neuromuscular blockade is not uncommon in the recovery room and contributes to postoperative morbidity
and possibly mortality. The use of neuromuscular monitoring and intermediate rather than long-acting
neuromuscular blocking drugs have been shown to reduce its incidence. Clinically available methods of detecting and
quantitating neuromuscular blockade are reviewed. The writer concludes that such monitoring should be routine

when neuromuscular blocking drugs are used.
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Why monitor neuromuscular transmission or
neuromuscular blockade (NMB)? To answer this,
we should ask another question: Why do we use
neuromuscular blocking drugs (NMBD) and what,
precisely, do we want to achieve by their use?

1. To obtain good intubating conditions, rapidly and
without unduly deep anaesthesia.

2. To provide good operating conditions with easy
surgical access to body cavities and easy manipula-
tion of the periphery when required.

3. Occasionally, when even slight movement may put
the patient or the operative result at risk, pro-
found paralysis offers a second “line of defence”
to the provision of adequate anaesthetic depth.

There is a price to achieving these objectives. The
use of NMBD may increase the liability to adverse
outcomes'. Monitoring, therefore, must assist in
enhancing safety in the following ways:

1. Monitoring can be helpful to show that the laryn-
geal adductors are ready for intubation after the
initial dose of NMBD. This may reduce intubation
trauma (T. Mencke et al, Intubation associated
vocal cord dysfunction—a randomised placebo
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controlled trial. 7th International Neuromuscular
Meeting, Belfast, June, 2001).

2. It is necessary in order to ensure that neuro-
muscular blockade (NMB) is rapidly and reliably
reversible at the end of the operation.

3. It is also needed to ensure that the patient has
normal function of all muscles, when delivered to
the recovery room.

For economic reasons, as well as to ensure ready
reversibility, it is desirable to achieve the goals of
NMB using a minimum quantity of drug. Monitoring
also assists this objective.

To reliably achieve these aims, monitoring the
effect of the neuromuscular blocking drugs is essen-
tial. We know that “clinical impression” or “feel of
the breathing bag” does not prevent residual neuro-
muscular blockade in the recovery room’’. The
variability of the response to NMBD is such that
average times of recovery are poor guides to their
dosage. For example, 0.1 mg.kg! of d-tubocurarine
caused no detectable effect in 6% and complete
NMB in 7% of subjects receiving the dose, with effect
between the two extremes in the remainder®.

The role of NMBD in providing good intubating
conditions is not as well investigated as it could be. It
can be argued that anaesthesia sufficiently deep to
prevent marked autonomic response to intubation
will already provide adequate intubating conditions
and many studies, especially of NMBDs, are per-
formed with tracheal intubation preceding the
administration of NMBD. It has also been shown
that waiting three minutes after the NMBD
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administration will ensure near optimal paralysis of
the laryngeal adductors without use of a monitor’. On
the other hand, not many anaesthetists are willing
to wait three minutes after induction, before
introducing the tracheal tube.

It is usually agreed that 80-95% NMB, measured at
the adductor pollicis (AP), is compatible with good
operating conditions'. Therefore, even if total
paralysis of the laryngeal adductors is required for
easy intubation, maintenance of good operating con-
ditions only requires about 90% blockade. To ensure
ready reversibility of the NMB and the use of minimal
quantities of NMBD, it seems logical not to use drug
doses that induce deeper paralysis. This is facilitated
by continuous monitoring and the use of small bolus
doses or continuous infusions and makes measure-
ment rather than tactile or visual evaluation of NMB
desirable even though the appearance of the second
response to train-of-four (TOF) stimulation coincides
with about 20% NMB'" and can serve as the
indication for the next dose of NMBD.

Reversibility of non-depolarizing or competitive
NMB depends on the concentration of NMBD at the
effect site. When the concentration is such that there
is about 20% twitch response or there are two
responses present to each TOF train, blockade is
usually rapidly antagonized by moderate doses of
anticholinesterases”. Blockade deeper than this can
lead to slow reversal or even the inability to reverse.
There may also be a possible risk of re-curarization,
especially if edrophonium is used for reversal.
Monitoring should ensure that when the time for
termination of NMB comes at the end of a case,
reversal is prompt and effective.

Finally, the important question of persistent NMB
needs be addressed. That is the problem of patients in
the recovery room, with significant impairment of
muscle power. Even with tactile or visual monitoring
of evoked contractions, this may be a frequent event,
which can be linked with increase in postoperative
respiratory complications. With the anaesthetist’s
decision concerning adequate reversal based on
“clinical impression”, when no neuromuscular moni-
toring was used, of 72 patients, 68 were sufficiently
recovered from anaesthesia to have their ability to
perform a five-second head-lift test. Sixteen (24%)
were unable to do this. Of the 72 patients 30
(42%) had TOF ratios <0.7, and 16 (22%), less
than 0.6°. Other studies have shown similar results™>".
Replacement of long-acting NMBD by intermediate-
acting drugs has not eliminated the problem®"
and it has been repeatedly shown that tactile or
visual monitoring of the evoked response may

reduce the incidence but also fails to eliminate the
problem of partially paralysed patients in the
recovery room*'.

In fact, what constitutes adequate recovery is in
some dispute. The commonly accepted figure of 0.7
for the TOF ratio of the AP as “adequate reversal”
appears to have been introduced about 25 years
ago”"™ More recent work has called this “standard”
into serious doubt. The criteria for choosing 0.7 as the
critical ratio were that patients were able to produce
peak inspiratory pressure of —25 cm H,O and that
their ventilation was normal. Swallowing and cough-
ing, however, requires better neuromuscular re-
covery, equivalent to an inspiratory pressure of —45 cm
H,O". The group from the University of Copen-
hagen, which is often quoted in this review, suggested
0.8 as the minimum adequate level of recovery”.
Bevan has suggested that upper airway obstruction
was possible following small doses of NMBD and may
cause morbidity”. Ericsson et al* have shown that at
TOF ratio of the AP of 0.7 there is significant weak-
ness of the muscles of swallowing and contrast media
entered the laryngeal vestibule in 25% of subjects
under the study conditions. They concluded that
patients with TOF ratio <0.9 are at increased risk of
pulmonary aspiration. Another possible source of
adverse effects is the demonstrated 25% reduction in
hypoxic respiratory response following partial NMB*
with the TOF ratio at 0.7. The significance of partial
paralysis as a risk factor in postoperative pulmonary
complications has been prospectively documented.

EVALUATION OF NEUROMUSCULAR
TRANSMISSION AND BLOCKADE

Neuromuscular blockade can be measured in a
number of ways. The simplest methods depend on
recording voluntary muscle power such as handgrip
or vital capacity, but these tests cannot be applied to
anaesthetized patients. Assessment of NMB in anaes-
thetized subjects is therefore based on responses
evoked by nerve stimulation. These responses can be
estimated clinically by observation or feel but are
much more accurately evaluated by measurement.

Clinical evaluation

When the patient is able to co-operate, a number
of traditional clinical tests, some not requiring any
special equipment can be performed to determine
whether there is significant residual curarization.
According to Viby-Mogensen, some of these
commonly used tests are not reliable®.

In an important study, however, Kopman et al*
showed that when the TOF ratio was <0.7, five-
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TABLE 1

Reliability of clinical signs to demonstrate reversal of neuromuscular
blockade. (After J. Viby-Mogensen et al**)

Unreliable

Reliable

Sustained head-lift 5 s

Sustained leg-lift 5 s

Sustained hand-grip 5 s

Tongue depressor test™

Maximum insp. pres. =
<-50 cm H>,O

Sustained eye-opening

Protrusion of the tongue

Arm lift to opposite shoulder

Normal vital capacity

Maximum insp. pres. =
<-25 cm H,O

second head-lift was accomplished by 9 of 10 subjects
and five-second leg-lift by 10 of 10. This suggests that
either the standard of TOF ratio of 0.7 corresponding
to adequate recovery, or these tests were inadequate.
The tongue depressor test suggested in that paper
simply required the subject to grip a wooden tongue
depressor with their incisor teeth and not allow the
investigator to pull it clear. This was generally accom-
plished at TOF ratio >0.85. In general, this paper
also calls into doubt the accepted figure of 0.7 TOF
ratio, for adequate reversal.

Tactile or visual evaluation of the evoked response

Tactile or visual assessment of evoked responses,
either of the AP, the orbicularis oculi or clsewhere,
are commonly used to evaluate neuromuscular
response even though their reliability is not great®.
Tactile assessment of the TOF in inexperienced hands
may fail to detect fade when the TOF ratio is as
low as 0.1-0.2 and in experienced hands, 0.4”%. Re-
sponses of the orbicularis oculi are usually evaluated
visually, although accelerometry is possible, at least in
some patients. Such evaluation probably should be
interpreted in terms of TOF count rather than
attempting to assess fade. The TOF count can be
used to time intubation, predict the need for repeat
doses or to predict reversibility of the block. It is,
however, not a measure of adequate reversal.

Double-burst stimulation was designed to enhance
tactile assessment of NMB™. It appears to be superior
to the TOF pattern for this purpose but still fails
to eliminate the problem of postoperative residual
NMB*.

Electromyography

The first method of recording and measuring of
NMB for clinical use in anaesthesia was electro-
myography (EMG). It was introduced by Churchill-
Davidson and Christie® in 1959, who published
recordings of the compound action potential of the
AP and changes induced by NMBD. In this context,
EMG records the compound action potential of
the selected muscle, in response to supramaximal
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stimulation of the nerve supply. The recording can be
the peak-to-peak amplitude, or the rectified area of
the response curve (the integrated EMG). Although
on theoretical grounds integrated EMG appears
preferable, in practice the two appear to be equally
good for monitoring of NMB*. The biggest practical
problem with electromyography (EMG) is electro-
magnetic interference, but by sophisticated gating
and filtering techniques, clinically useful monitoring
devices such as the Relaxograph® (Datex) have
been developed commercially. Electromyography is
especially useful for research situations where the
investigated muscle such as the adductors of the
larynx, the facial muscles or the diaphragm cannot
readily be connected to force, acceleration or piezo-
electric transducers. Another advantage is that fixa-
tion of the monitored muscle is not as critical as for
measurement of force. Electromyography can also be
used to investigate spontaneous muscle activity such
as breathing.

Comparison with mechanomyography (MMG) has
shown that agreement between the two methods is
generally good, but the two cannot be used inter-
changeably'***. In recordings of unprocessed EMG,
usually the amplitude failed to reach 0 even when no
mechanical response was detectable. This may have
been due to electronic noise, the nerve action
potential or both. There may also be problems with
drift over time in the EMG and failure to return to
control amplitude™.

Force of contraction

The gold standard of measurement of neuro-
muscular response is recording of the force of
contraction evoked by supramaximal peripheral
nerve stimulation in a selected muscle (mechano-
myography, MMG), despite the fact that theo-
retically, at least, changes in muscle contractility as
well as NMB could affect the response. The method
requires rigid fixation of the monitored muscle, with
constant resting fibre length (pre-load) and main-
tenance of muscle temperature within limits for
accurate results”. Commercial force-displacement
transducers were initially used, in conjunction with
rigid arm-boards to fix the position of the arm and
hand to assure the constant pre-load necessary
for consistent response. The Myograph 2000®
(Biometer) is probably the best known of such
dedicated systems and was designed to measure
the isometric response of the AP in response to
stimulation of the ulnar nerve.

In fact, it is quite easy to put together inexpensive
systems to monitor MMG with reasonable accuracy.
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Probably the simplest is the use of a syringe, taped
into the hand of the patient and connected to a
manometer””. A somewhat more sophisticated
version of the device uses a pressure transducer con-
nected to any invasive blood pressure monitor instead
of a manometer to record response**'. Another
ingenious system is devised from a drip set wrapped
around the subject’s hand, connected to a pressure
transducer®.

One step more complex, but still quite inexpensive,
is to build a force-displacement transducer®. If the
impedance of the elements is appropriately chosen
to roughly match a blood pressure transducer (200-
300 ), this also can be plugged into a blood pressure
monitor.

Accelerometry
Basic physics tell us that
Force = Mass x Acceleration

The mass moved by the monitored muscle will not
change appreciably during monitoring. Acceleration,
therefore, must be proportional to force. These
devices, such as the TOF-Guard® (Biometer),
TOF-Watch® and TOF-Watch SX® (Organon) are
easy and convenient to use, less expensive than dedi-
cated force-displacement systems and the “SX” inter-
faces readily with personal computers for data
storage and processing. Their agreement with other
methods has been well tested**. It is claimed that
their use can eliminate the risk of postoperative
residual curarization®.

Piezoelectric movement detector

Datex markets a monitor, which fits as a module
into their AS/3 and S5 monitoring systems (the NMT
module), which measures isotonic response of the
thumb to stimulation. It uses a piezoelectric trans-
ducer like another commercially available system, the
ParaGraph®“*, The agreement between piezo-
electric systems and MMG, however, was quite poor.
The writer has extensive experience with the Datex
NMT® and found it excellent for clinical monitoring,
but for use in research it requires validation. The
NMT module offers the user the choice of TOEF,
double-burst stimulation or post-tetanic count as
stimulation modes and also offers EMG as an
alternative recording system.

Acoustic Monitoring

When muscle contracts, low frequency “sound”
is emitted. The original paper placed this in the

60-100 Hz band, which could be recorded by an
air-coupled microphone applied to the thenar
eminence. The root mean square of the signal ampli-
tude was compared to the EMG, MMG and the
accelerogram. The limits of agreement were about
40%*. A more recent study suggested that peak
power of the signal was at lower frequency, <20 Hz,
and that the method was suitable for monitoring the
corrugator supercilii (T. H. Hemmerling et al.,
Phonomyography of the corrugator supercilii muscle:
Signal characteristics and best monitoring site. 7th
International Neuromuscular Meeting, Belfast, June
2001). The usefulness of this method for clinical
monitoring or research remains to be determined.

Patterns of stimulation
Twitch stimulation

Single stimuli at various time intervals were first
used for evaluating neuromuscular transmission. The
first nerve stimulator, designed for clinical monitor-
ing of NMB was the Block-Aid® (Burroughs-
Wellcome)*, which was an extremely useful and inex-
pensive device for tactile or visual evaluation of the
twitch and tetanic responses and post-tetanic facilita-
tion. Although designed to output a 0.2 ms stimulus,
in fact this was followed by a lower voltage but pro-
longed 5 ms inverted output, due to the use of a trans-
former in the output circuit. This had the effect of a
short tetanus and appeared to be chiefly responsible
for the evoked muscle contraction®. The preferred
stimulator output for single twitch recording is square
wave, 0.2 ms impulses*. Above 0.3 ms impulse dura-
tion, repetitive firing of some of the muscle fibres may
occur and this would introduce the refractory period
of the system as a possible variable affecting the
response amplitude. Magnetic induction has also
been used for peripheral nerve stimulation®. Ampli-
tude of the twitch response is maximal at stimulation
rate of 0.1 Hz or less and is reduced in the presence
of competitive NMB as the stimulation rate in-
creases” (Figure 1). Single twitch stimulation does
not sufficiently stress neuromuscular transmission to
be useful as a clinical test for reversal of paralysis as
even 100% recovery does not assure normal muscle
function™.

Tetanic stimulation and post-tetanic facilitation

Tetanic stimulation is painful and therefore it is not
useful in testing neuromuscular transmission in con-
scious subjects. With unblocked neuromuscular trans-
mission, tetanus at 50 Hz is well maintained but in
the presence of non-depolarizing NMB, it fades
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FIGURE 1: Relation between twitch stimulation rate and force
response in the presence of d-tubocurarine. The response
decreases exponentially as the stimulation rate increases from
0.1 to 1 Hz R2=0.975. (Data from Figures 26-28, Monitoring of
Neuromuscular Function. Ali HH, Miller RD, In: Anesthesia,
ed. RD Miller, 2nd Ed. Churchill Livingstone, New York 1986;
p. 883.)

noticeably. Tetanic stimulation has, therefore, often
been used for detecting residual blockade visually or
by feel. The test is readily applicable to the orbicularis
oculi (or the corrugator supercilii) as well as the AP
or other limb muscles. It has, however, been demon-
strated that only high degrees of tetanic fade can
reliably be detected by clinical means™.

Tetanic stimulation at 50 Hz stresses neuro-
muscular transmission about as much as maximal
voluntary effort*. Maintenance of tetanic contraction
at 30 Hz stimulation requires only 20 to 25% of free
receptors (at least in the cat tibialis anterior), about
the same as 100% twitch response and similar to a
TOF ratio of 0.7. To maintain the response at 100 Hz
requires that about 50% of the receptors be available
and at 200 Hz, about 67%"". It seems, therefore that
50 Hz is a reasonable choice for clinical testing.

The accumulation of acetylcholine during tetanic
stimulation displaces competitive NMBD. Following
tetanic stimulation and a short recovery interval,
evoked acetylcholine release is also increased and
therefore if single twitch stimulation is applied after a
tetanic stimulus, the twitch response is enhanced.
This is post-tetanic facilitation (PTE, Figure 2), which
is usually detectable in normal subjects but in the
presence of competitive NMB, especially when twitch
is less than 30% of control, it becomes marked™®.
While it is often quite noticeable by inspection or
palpation, it is unlikely to add discrimination to the
presence or absence of tetanic fade in the detection
of NMB, visually or by feel.
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FIGURE 2: Post-tetanic facilitation. At the bar, a 5s tetanic stimulus
was applied. The amplitude of the T1 response is increased by a
factor of 2.5, and there is a marked increase in TOF ratio. At the
arrow, recording speed was reduced. (From reference 58, with
permission.)

Train-of-four stimulation

Train-of-four stimulation pattern was described by
Ali, Utting and Grey”* and has become the most
common pattern for clinical assessment or for
measurement of NMB. It consists of a train-of-four
square wave stimuli of 0.2 ms duration, at 0.5 Hz
applied at 12 s intervals. Because in the presence of
competitive NMB the response fades at this stimula-
tion rate, the ratio of the amplitude of the response to
the fourth. stimulus to that of the first, gives an
indication of the intensity of the NMB. With onset
of more profound NMB, the number of detectable
responses is reduced from progressively from four to
none (TOF count). As discussed above, good surgical
conditions are compatible with the presence of one
response. Rapid reversal usually follows the presence
of two responses and good recovery from NMB
requires a TOF ratio >0.9. The important advantage
of the pattern is that a pre-NMB control recording is
not needed to assess the presence or severity of
NMB.

The disadvantage of the pattern is chiefly the diffi-
culty of precisely estimating the ratio in the absence
of a recording device.

To obtain maximal response at the AP, usually a
current of about 40-50 mA is required®. To ensure the
maintenance of maximal response, somewhat greater
current, 50 to 60 mA is usually used. This is quite
painful for awake patients, albeit not nearly as
unpleasant as tetanic stimulation.

While it is common practice to use supramaximal
stimulation, such high currents are quite painful. It
has therefore been suggested that the use of sub-
maximal current may not change the T4/T1 ratio and
will therefore result in acceptable tests®. It has since
been shown that while the mean of the responses with
submaximal current correlate well with supramaximal
control responses, the scatter increases to what may
be an unacceptable level®. Both these studies used
MMG measurement of the responses. Recently Brull
reported that submaximal current enhanced the
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accuracy of visual and tactile assessment (S. J. Brull.
Use of submaximal stimulation. 7th International
Neuromuscular Meeting. Belfast, June 2001). The
subject of submaximal stimulation current needs
further work. For research, there is general agree-
ment that supramaximal currents should be used, but
there may be a place for submaximal current stimula-
tion in the clinical environment, for reducing the
incidence of postoperative NMB.

Neither here nor in the section on tetanic stimula-
tion was the problem of persistent depolarizing block
addressed. Such block may show neither tetanic
fade nor significant reduction in the TOF ratio and
for accurate evaluation, has to be compared to a pre-
NMB control.

Double-burst stimulation

The double-burst stimulation pattern was
developed in response to the obvious difficulty of
visual and tactile evaluation of NMB with train-of-
four stimulation pattern”. Four patterns were investi-
gated and the chosen pattern, DBS(3,3) 50:50 con-
sisted of 3, 0.2 ms stimuli at 50 Hz (20 ms intervals)
followed 750 ms later by three more. This was shown
to be more sensitive for manual detection of NMB
than TOF stimulation. Later studies however have
shown that while it reduced the incidence of post-
operative residual blockade, it failed to eliminate the
problem'. DBS has been evaluated with submaximal
current®® but appears to yield too many false posi-
tives, defined in the second study as apparent fade
when the TOF ratio was >0.7. A number of modifi-
cations to the basic pattern have been proposed with
changes in the number, frequency and duration of the
pulses”. The use of an initial train-of-three stimuli
followed by two stimuli, DBS (3,2), may bias the
observer towards “feeling” fade and thereby reduce
the incidence of residual blockade. DBS (3,3) 80:40
was suggested to monitor more profound NMB® as it
evokes a response before the return of TOF twitches.

Post-tetanic count

Intense NMB cannot be quantified by twitch or
TOF stimulation. Even before there is a return of a
response to TOE, some quantitation of the NMB can
be made by exploiting the PTF phenomenon. The
post-tetanic count (PTC) is elicited by administering
a5s, 50 Hz tetanic train, followed after a 3 s pause by
twitches at 1 Hz®. A count of 10 or 11 twitches
coincides usually with the reappearance of the first
response to TOF stimulation. This can be used to
maintain intense NMB but of course, it is not useful

{

Time to first reaction to TOF (min)
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2 4 6 8
No. of post-tetanic twitches
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FIGURE 3: Relation between post-tetanic count and return of
TOF response in the presence of pancuromium. The hatched
region is the 95% confidence interval. (From reference 48, with
permission.)

in predicting reversability of theNMB or the absence
of residual blockade.

Post-tetanic burst

A combination of the post-tetanic count with
double-burst has been described, which detects a
response even before the PTC does. A 5 s, 50 Hz
tetanus is followed after 3 s by trains of 3, 50 Hz
impulses at 1 s intervals, instead of single twitches™"".

TABLE 2
Preferred patterns of stimulation for monitoring specific objectives

Pattern Onset  Deep Normal Reversa- Recovery
Block Block  bility

TOF* +++% 0 +++ 4 +4*
DBS** 0 + ++ ++ +4*
Tetanus + ++ ++ 0 0
Post-tetanic

count®* 0 ++4+ 0 0 0
Post-tetanic

burst 0 ++4+ 0 0 0

*Accuracy much improved by objective measurement.
**Evaluated at the thumb or corrugator supercilii.

WHICH MUSCLE TO MONITOR?

Possibly the most obvious practical consideration is
the accessibility of the monitored muscle for observa-
tion during surgery. This is especially the case, where
touch or sight is used for evaluation. Where measure-
ments are made, this becomes less of a factor. With
MMG and a force-displacement transducer, the
thumb (or other extremity, such as toe) must be
fixed and free of mechanical interference but using
a “dynamic” piezoelectric transducer, EMG or
accelerometry, the problems of access are much
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reduced. With EMG measurement, immobilization of
the limb as with a light splint under the surgical
drapes is sufficient. Change in the limb’s position,
however, may alter the EMG. Using a dynamic trans-
ducer or accelerometry, again, immobilization of
the limb, with free movement of the thumb, toe or
wherever the transducer is attached, is needed. A
change in the position of the limb, for example some
rotation, may change the direction of gravity and the
resting stretch of the monitored muscle and hence the
response in comparison with control value. The TOF
ratio may not change. Obtaining stable conditions for
recording the piezoelectric MMG, EMG or accelero-
gram under drapes is usually not difficult. Other
important considerations come into play in the choice
of site when the objectives of monitoring are con-
sidered. If it is the prevention of residual NMB, a sen-
sitive muscle with slow recovery such as the AP is
probably ideal. If the prime objective is the avoidance
of any movement during operation, a less sensitive
muscle, such as the gastrocnemius, flexor hallucis
brevis or the corrugator supercilii may be preferred.

The adductor pollicis

Historically, the AP has been the muscle most
frequently used for MMG monitoring and research
measurements in humans. It has also traditionally
been used for assessment by inspection or palpation.
The piezoelectric transducers on commercially avail-
able systems also appear to be designed for use on
the thumb. This muscle is also convenient for EMG
recording, but the abductor digiti minimi is probably
the muscle of choice in the hand for this.

The onset of paralysis at the AP is slower than at
the larynx or the diaphragm as is recovery” and it is
more sensitive to NMBD than laryngeal adductors™
or the diaphragm, making it a poor choice as an indi-
cator of onset of laryngeal blockade or avoidance of
“bucking” but suitable for the detection of persistent
postoperative blockade.

The abductor digiti minimi

This is the muscle most frequently used for EMG
recording in the hand. The suggested positions for
skin electrode placement for the recording elec-
trodes, is the ulnar aspect of the dominant hand
about one third distance from the distal carpal crease
to the metacarpo-phalangeal crease and at the base
of the little finger. The stimulating electrodes on the
volar aspect of the forearm, over the ulnar nerve
about 5 cm apart with negative distal. The ground or
indifferent electrode is sited between the stimulating
and recording electrodes™.
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FIGURE 4: Suggested electrode placement for EMG monitoring of
the abductor digiti minimi. (Re-drawn after reference 63.)

The gastrocnemius

Where a muscle of the leg is the most convenient
monitoring location, the gastrocnemius has been sug-
gested for EMG™. When compared to the AP, onset
times were similar but the gastrocnemius recovered
significantly more rapidly after vecuronium. In the
writer’s experience, supramaximal stimulation of the
popliteal nerve as used in this study, caused quite sig-
nificant leg movement, which may be distracting to
the surgeon.

The flexor hallucis brevis

This muscle is also suitable for monitoring by
MMG™ or accelerography””’”. Stimulation can be
applied to the posterior tibial nerve behind he medial
malleolus. The characteristics of onset are not sig-
nificantly different from the AP but recovery is more
rapid at the toe.

The orbicularis oculi

The contraction of the orbicularis oculi evoked by
stimulation of the facial nerve is usually easy to
observe during surgery. It is therefore frequently used
for visual monitoring but measurement of the
response is possible by EMG or accelerometry (at
least in some subjects)”. This muscle is less sensitive
to NMBD than the AP and possibly even the
diaphragm®. Onset of the blockade is quicker than in
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the AP and seems to parallel that at the larynx®®.
Recovery of the orbicularis oculi is slower than that of
the laryngeal adductor muscles®.

The corrugator supercilii

It has been suggested recently that what was the
activity observed at the eyebrow in response to facial
nerve stimulation was not principally that of the
orbicularis oculi but due to the corrugator supercilii
fibres of the periocular muscle®. In this recent paper,
the authors demonstrate that this muscle parallels
closely the laryngeal adductor muscles in onset,
sensitivity and duration of NMB.
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FIGURE 5: Relationship between paralysis in the laryngeal
adductors, the corrugator supercilii and the adductor pollicis. The
two former muscles are more resistant and recover more rapidly
than the adductor pollicis. (From reference 66.)

The evoked responses of other muscles such as the
adductors of the larynx or the diaphragm can be
recorded for research purposes™.

CONCLUSIONS

A number of points of interest emerge from
reviewing the literature on neuromuscular monitor-

TABLE 3
Suitability of muscles as they affect neuromuscular monitoring

Muscle Onset Deep Normal Reversa- Recovery
Block Block  bility

Adductor

pollicis + 0 ++ +++ e+t
Abductor dig.

min.* + 0 ++ +++ +++
Gastrocnemius**  + + + ++ ++
Flex. hal. brevis + + ++ ++ ++
Corr. superecilii +++ ++ ++ ++ +

*For EMG.
**Causes severe leg movement.

ing. The first, which has already been discussed, con-
cerns the choice of muscle to monitor. There is no
single best monitoring site. The AP is indeed suitable,
when the objective is to ensure ready reversal and to
avoid residual NMB, but if the objective is to ensure
motionlessness, a more resistant muscle may be a
better choice. The corrugator supercilii would answer
this requirement, were it not often too near the
surgical field.

There is a significant incidence of residual NMB in
the recovery room, even following routine reversal of
the blockade. Bevan® makes the point that reversal
should be routine, unless absence of NMB is actively
demonstrated. This would have special implications
for users of mivacurium. Adverse effects from persis-
tent NMB are now well documented. Residual NMB
is reduced by the use of a nerve stimulator in the
operating room and the use of intermediate acting
NMBD but the problem is not eliminated without
objective and accurate measurement of blockade.
Accelerometry appears to be the measuring modality
of choice for clinical use. Relatively inexpensive
accelerometers are now available so that, say, the cost
of two extra inpatient days because of pulmonary
complications due to residual NMB would more than
cover the cost of an instrument. To introduce their
general use, together with appropriate education
seems, to the writer, to be overdue.

It seems also clear that the use of long-acting
NMBDs results in increased incidence of residual
paralysis*®. Even if accurate monitoring is used,
long-acting NMBDs are more likely to result in delays
at the end of operations than if intermediate-acting
drugs are used. It would therefore be reasonable to
question their use.

The introduction of routine neuromuscular moni-
toring, preferably by measurement, will also pay
dividends in smooth anaesthesia and when correctly
used, the rapid conclusion of anaesthetics because of
reduction in recovery times from NMB.

It is the writer’s opinion that “... the proper use
and interpretation of neuromuscular monitoring is
a must” (Donati*, 1998). At the recent International
Neuromuscular Meeting (Belfast, June 2001) the
recommendation for the universal use of nerve
stimulators whenever NMBDs are administered was
universally agreed and there was strong expressed
preference for objective measurement of relaxation
to avoid postoperative residual NMBs. As safety of
anaesthesia improves, further gains will be incre-
mental and the introduction of routine measurement
of NMB offers an opportunity for reducing adverse
events.

Anaesthesia and Intensive Care, Vol. 30, No. 2, April 2002
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