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Summary

The first part of this article presents an update of the basic considerations of neuromuscular

monitoring. It emphasises the need to assure supramaximal stimulation, to place the stimulating

electrodes correctly and to use appropriate sites for nerve stimulation as well as appropriate

stimulation patterns. The second part focuses on current developments and ongoing discussion.

The authors describe the performance of acceleromyography and the need for initial calibration

when using these quantitative devices.
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A recent survey of 12 anaesthesia departments in the UK

by Grayling and Sweeney revealed that only �10% of

anaesthetists routinely use neuromuscular monitoring

and > 60% never use such a monitor. Moreover, these

authors noted that there was an ‘apparent overall

confusion among clinicians as to the best method to

confirm recovery from neuromuscular blockade’. In

addition, they found limited knowledge of the minimum

train-of-four ratio that should be attained before tracheal

extubation and insufficient reliance upon the use of

quantitative monitors [1]. Similar results are reported in

Germany, where a recently published nationwide survey

revealed that neuromuscular monitoring was routinely

used in only �18% of the anaesthesia departments [2]. In

view of these disappointing results, current standards need

to be reassessed in the light of recent improvements in

neuromuscular monitoring.

In the first part of this article, we will present an update

of the basic considerations of neuromuscular monitoring.

The second part will focus on current developments and

ongoing discussions in that area.

Basic considerations

Nerve stimulation

Using nerve stimulation as an indicator of the degree of

neuromuscular blockade was initially described in 1941

by Harvey and Masland [3]. In 1958, Christie and

Churchill-Davidson [4] presented the first device for the

estimation of neuromuscular blockade in a clinical setting.

The basic principles of neuromuscular monitoring

have not changed since the clinical introduction of

neuromuscular monitoring devices. Stimulating a periph-

eral motor nerve with an electric impulse results in a

muscular response following the all-none principle. The

force and intensity of the response depends upon the

number of activated muscle fibres. With a sufficient

stimulating intensity, all fibres of the innervated muscle

should contract and a response at a maximum level should

result. At this level, an additional increase of stimulating

intensity will not lead to any increase of the muscle

contraction. For clinical application of neuromuscular

monitoring, it is widely recommended that an electrical

stimulus 15–20% above the level of maximum muscular

response is used, i.e. a supramaximal stimulus [5]. This is

to ensure that factors such as variability in skin impedance,

do not have a significant influence on the muscular

response and, therefore, on the quality of measurement.

Stimulating electrodes

Even the preparation and placement of the stimulating

electrodes can have an influence on neuromuscular

monitoring. Before placing the electrodes, the skin

should be cleaned using an alcoholic solution and then

rubbed. The electrodes should be placed correctly at the

site to ensure that the current stimulates the target

nerve appropriately. It is less important whether Ag ⁄ AgCl

ECG electrodes or special neuromuscular monitoring
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electrodes are used. When using ECG electrodes the

distance between the two electrodes should be < 6 cm.

In addition, it is recommended that the negative electrode

be placed at the distal site [6]. Skin temperature should be

maintained ‡ 32 �C to avoid hypothermia-related

increases in skin impedance.

Sites of nerve stimulation

Choosing the site of neuromuscular monitoring depends

on several factors. Firstly, the site should allow easy access.

Secondly, direct stimulation of the muscle should be

avoided, and thirdly, selecting a nerve-muscle-unit that

allows quantitative monitoring is recommended. The

most common nerve–muscle unit used for neuromuscular

monitoring is the ulnar nerve–adductor pollicis muscle.

When using quantitative accelerographic monitoring, the

probe can be placed on the tip of the thumb. For optimal

results in quantitative monitoring, the other four fingers

should be fixed. It may also be helpful to use an arm cast

in addition to a special thumb adaptor.

Some surgical procedures do not allow easy access to

the patients’ arms, e.g. during otorhinolaryngological

surgery or if the patient is placed in a prone position. In

the latter case, the use of tibialis posterior and flexor

hallucis brevis nerve–muscle unit might be a suitable

alternative. The electrodes have to be placed next to the

medial malleolus. For accelerographic quantitative mea-

surement, the probe of the device can be fixed at the tip

on the plantar side of the big toe. It has been shown that

quantitative measurement of neuromuscular recovery at

this site does not differ significantly from measurements

made at the ulnar nerve–adductor pollicis muscle [7].

However, there may be interference in the estimation of

the neuromuscular response by flexion of the foot via

additional stimulation of the plantar muscles.

Another option is to use the stimulation of the facial

nerve for neuromuscular monitoring by the recording of

the contraction of orbicularis occuli or corrugator super-

cilii muscles [8]. The electrical current intensity required

at the facial nerve seems to be less than that that required

at other sites of stimulation. The accelerographic probe tip

should be placed either just above the medial part of the

corrugator supercilii muscle or at the lateral part below the

eyebrow when using the orbicularis oculi muscle.

Different muscle groups show different responses in

terms of onset, offset and peak effect of neuromuscular

blocking drugs (NMBs). Therefore, monitoring of one

nerve–muscle unit can only provide limited information

about other major muscle groups. It has been shown that it

is appropriate to use the facial nerve–corrugator supercilii

muscle for monitoring optimal intubation conditions or

paralysis of the diaphragm and the abdominal wall muscles

following NMBs whereas the ulnar nerve–adductor

pollicis unit is the better choice if information about

pharnygeal muscle recovery is desired [8].

Stimulation patterns

Clinically used stimulation patterns are the single twitch

stimulation, the train-of-four stimulation (TOF), tetanic

stimulation, post-tetanic count stimulation (PTC), and

the double-burst stimulation (DBS), Table 1. The char-

acteristics of the pulse waveform and duration are the

same in all stimulation patterns irrespective of the

stimulation pattern. A monophasic impulse with a

rectangular waveform and a duration of 0.2 ms is

recommended and used in almost all nerve stimulators.

Single twitch

A single twitch consists of the application of a supramax-

imal stimulus to the nerve with a frequency between

0.1 Hz and 1.0 Hz. Choosing a frequency > 0.15 Hz may

result in a decrease of the muscular contraction response

due to fade. In a clinical setting single twitch stimulation

has only limited value. Without using suitable monitoring

equipment, e.g. a mechanomyograph or an electromyog-

raph, the technique does not provide reliable information

either about the neuromuscular recovery or the onset of a

neuromuscular block. However, in neuromuscular re-

search single twitch stimulation may play an important

role when investigating the onset of NMB.

Train-of-four

Train-of-four stimulation was introduced into clinical

practice in the early 1970s by Ali et al. [9]. Compared to

Table 1 Recommendations for the use of different stimulation patterns for the assessment of neuromuscular blockade in various
clinical situations.

Stimulation pattern Onset of block Deep block (TOF = 0) Moderate block (TOF > 0) Recovery

Train-of-four (TOF) Adequate Not adequate Adequate Intermediate (a)
Adequate (b)

Double-burst stimulation Intermediate Not adequate Not adequate Intermediate
Post-tetanic count Not adequate Adequate Not adequate Not adequate
Tetanus (50 ⁄ 100 Hz) Not adequate Not adequate Not adequate Intermediate

(a), tactile estimation; (b), quantitative estimation.
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single twitch stimulation, TOF allows a more reliable tactile

assessment of a neuromuscular block. The stimulation

pattern consists of four twitches at 2 Hz. A stimulation-free

interval of at least 10 s should be allowed between

successive TOF stimulations to avoid fade during the

measurement. Train-of-four count describes the number

of identifiable responses following a TOF stimulation

pattern. In the absence of neuromuscular blockade all four

responses are of equal amplitude. Loss of the fourth

response a represents a 75–80% neuromuscular blockade.

The disappearance of responses three, two, and one can be

associated with a block of about 85%, 90%, and 98–100%,

respectively [10]. Sufficient neuromuscular blockade for

surgical procedures can be assumed until the reappearance

of the two to four responses. Train-of-four ratio is obtained

by dividing the amplitude (height) of the fourth response by

the amplitude of the first response of the TOF sequence and

is taken as a measure of neuromuscular recovery following

non-depolarising neuromuscular blockade. For exact esti-

mation of the TOF ratio a mechanomygraphic, acceler-

omyographic, or electromyographic device that records the

responses is necessary. Tactile estimation is accurate in

detecting fade during TOF stimulation only if TOF ratio is

< 0.4 [11]. An objectively measured TOF ratio of 0.7

represents adequate diaphragmatic recovery. However, to

ensure sufficient return of pharyngeal muscle function, a

TOF ratio of > 0.9 is necessary.

Tetanic stimulation

Tetanic stimulation is a high-frequency (50–200 Hz)

stimulation pattern that is usually applied for 5 s. The

muscular response is perceived as a single, forceful and

sustained contraction when no block is present. In the case

of incomplete neuromuscular recovery following non-

depolarising neuromuscular blockade, a fade effect can be

observed on stimulation. Baurain et al. [12] found a visual

absence of fading after a 100 Hz, 5 s tetanic stimulation to

be comparable to a TOF ratio of 0.85. However, recent

studies of this topic have shown that the sensitivity of using

a tetanic stimulation in detecting residual curarisation is

about 70% but with a low specifity of only 50% [11].

Post-tetanic count

Post-tetanic count allows the tactile or visual evaluation of a

deep non-depolarising neuromuscular block that does not

respond to a TOF stimulation [13]. During PTC stimu-

lation a 50 Hz tetanic stimulation is applied for 5 s followed

by 1 Hz supramaximal single stimuli after a gap of 3 s. The

PTC results in the number of single-stimulus responses

following the tetanic stimulation and should be ideally 0 if a

very deep neuromuscular block is desired. If, however, five

to seven responses are detectable, return of the TOF

response is imminent.

Double-burst stimulation

Double-burst stimulation was introduced for clinical use

in 1989 by Engbaek et al. [14]. The technique allows

greater tactile evaluation of minor neuromuscular block-

ade than tactile evaluation of the TOF ratio. Two bursts

of stimuli at 50 Hz with an interval of 750 ms are applied

during. A burst consists of two or three impulses. The

bursts are combined as a series of 3 and 3 impulses or 3

and 2 impulses. In clinical practice, DBS 3,2 is usually

used. A fading of the second impulse series compared to

the first correlates with an incomplete neuromuscular

recovery with a comparable TOF ratio < 0.6. Therefore,

the method is more sensitive for tactile evaluation of a

residual blockade in comparison with a tactile evaluation

of the fade using TOF stimulation [15].

Equipment

Equipment for the monitoring of neuromuscular block-

ade can be divided into two groups, nerve stimulators that

allow a quantitative monitoring of the blockade and

devices that do not. The use of nerve stimulators without

an option for quantitative measurement does not allow

for the relaible detection of minor levels of neuromus-

cular block, i.e. a TOF ratio between 0.7 and 1.0.

Therefore, the use of objective monitoring is now

generally recommended [16]. The most widely used

methods are acceleromyography, electromyography and

mechanomyography.

Acceleromygraphy

Accleromyography is one of the most popular quantita-

tive monitoring techniques in daily clinical use because it

is comparatively cheap, practical and easy to use. After

placement of the stimulating electrodes on the target

nerve a piezo-electric element is placed over the muscle

innervated by that nerve. Acceleromyography measures

the isotonic acceleration of the stimulated muscle. The

basis for the method is Newton’s second law

(force = mass · acceleration). If mass is constant, the

force of muscle contraction can be calculated if acceler-

ation is measured. The movement of the end-organ, e.g.

the thumb, generates a voltage in the piezo-electric

element that correlates with the acceleration of the

muscle.

Acceleromyography has been shown to correlate well

with techniques such as mechanomyography but intra-

operative measurements with acceleromyography can be

influenced by artefacts, patient movements and unstable

twitch responses. Therefore, fixation of fingers and

forearm is recommended when using the thumb as the

end-organ. Moreover, the use of devices that produce a

small elastic preload at the thumb may decrease the

variability of measurements [5].
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Mechanomyography

Mechanomyography measures the isometric contraction

of a muscle following nerve stimulation. A force

transducer converts the force of contraction of the muscle

into an electric signal. Ulnar nerve stimulation and

measurement of the force of contraction of the adductor

pollicis muscle are the most frequently used sites for this

technique. A preload of 200–300g must be applied for

stabilisation of the signal. In addition, the limb needs to be

immobilised.

Due to stringent precautions, time-consuming prepa-

ration and the large-scale design of the monitoring

equipment, mechanomyography is not used in clinical

practice. However, when investigating new NMBs, the

technique still remains the ‘gold standard’.

Electromyography

Electromyography is the oldest technique used for the

estimation of neuromuscular blockade. Based on the fact

that the force of muscular contraction is proportional to

the compound action potential of the muscle, the device

records the electric activity of the stimulated muscle, i.e.

the compound action potential, following the stimulation

of the corresponding nerve. The device records the

amplitude of the signal as a sum of the compound action

potential. The recorded results show a good correlation

with mechanomyography but cannot be used inter-

changeably.

Electromyography can be used not only for the limbs

but also at other sites of interest, e.g. the diaphragm or the

larynx. Careful skin preparation and maintaining constant

skin temperature may improve the quality of the signal.

The equipment is not as bulky as for mechanomyography

recordings. Electromyography has been primarily used for

research studies.

Current developments

Neuromuscular monitoring and postoperative

residual curarisation

There is a consensus in the literature that neuromuscular

monitoring in general and objective neuromuscular

monitoring in particular may decrease the incidence of

postoperative residual curarisation (PORC). However,

the results of a meta-analysis published in 2007 by Naguib

et al. [17] were more than surprising. These authors

concluded that they ‘could not demonstrate that the use

of an intra-operative neuromuscular function monitor

decreased the incidence of PORC’. However, serious

concerns about both the design and the methodology

used in this meta-analysis were raised. Indeed, it has been

noted that no distinction between objective and

non-objective monitoring methods were made in this

meta-analysis. The chosen methodology for the selection

of articles – including comparative and non-comparative

studies – was also questionable [18]. In the meantime,

Claudius and Viby-Mogensen [19] published a systematic

review of the role that acceleromyography plays in

research and clinical practice. This complete overview of

the place of acceleromyography found good evidence that

acceleromyography improved the detection of postoper-

ative residual paralysis and it confirmed that recovery of

the acceleromyography TOF ratio to unity indicates, with

a high predictive value, recovery of pulmonary and upper

airway function from residual neuromuscular blockade.

Baillard et al. [20] have chosen another approach to

emphasise the impact of neuromuscular monitoring on

the incidence of residual paralysis. An initial survey in

their department revealed an incidence of residual

paralysis of about 62%; at that time quantitative moni-

toring was used in just 2% of patients and reversal in 6% of

patients undergoing general anaesthesia, giving rise to the

suspicion of a link between the high incidence of residual

paralysis and the poor use of monitoring and reversal.

Consequently, these authors made quantitative neuro-

muscular monitoring available in all operating rooms and

also implemented guidelines for monitoring and reversal

of neuromuscular blockade. In the following 10 years the

incidence of residual paralysis in their recovery room

decreased from 62% to 3%! In the same period the

proportion of patients being monitored with acceler-

omyography during anaesthesia increased from 2% to

60%. In 42% of patients neuromuscular blockade was

now reversed at the end of the case compared to only 6%

initially. These data also revealed that the absence of

neuromuscular monitoring as well as the absence of

pharmacological reversal were independent risk factors for

postoperative residual paralysis. It therefore confirmed

that neuromuscular monitoring and the use of reversal

agents are key elements for any successful strategy to

prevent PORC.

Performance of acceleromyography

Convincing evidence indicates that even low levels of

residual paralysis corresponding to a mechanomyogra-

phically measured TOF-ratio between 0.7 and 0.9 may

be potentially harmful. Impaired laryngeal and

pharyngeal function with an increasing risk of upper

airway obstruction and ⁄ or pulmonary aspiration may

contribute to PORC associated morbidity and mortality

[21]. In view of these recent findings, the question arises

of whether acceleromyography in clinical practice can

reliably detect low levels of residual paralysis. Moreover,

acceleromyography is increasingly used for research

purposes. Thus, clarification is required on whether accel-

eromyography-derived values and mechanomyography-
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derived values can be used interchangeably. Conse-

quently, acceleromyography has been the focus of

research activity over the last few years.

Acceleromyography in clinical practice

In clinical practice acceleromyography can be used at the

end of surgery or continuously and with or without initial

calibration. In addition, normalisation of acceleromyog-

raphy values, i.e. dividing the final value of TOF recovery

by the control value determined before the injection of

the NMB, has also been suggested. Unfortunately, the

impact of these different acceleromyographic methods on

the detection of low but potentially harmful levels of

residual paralysis has not yet been systematically evaluated.

Whilst the baseline TOF ratio measured with mechano-

myography is usually close to 1.0, the average baseline

TOF ratio assessed with acceleromyography is most often

somewhat higher than 1.0. A similar situation is some-

times found at the time of recovery. Acceleromyographic

TOF recovery is more often >1.0 in comparison with

mechanomyographic TOF-recovery, which is normally

closer to 1.0. As a result, it may be essential to correct raw

acceleromyography TOF parameters to avoid overesti-

mation of neuromuscular recovery and thus, to miss low

levels of residual paralysis.

Capron et al. [22] first asked the question of how to

reliably detect low levels of residual paralysis, in routine

clinical conditions using acceleromyography. These

authors measured mechanomyographic TOF recovery at

the adductor pollicis muscle and compared it with the

corresponding acceleromyographic TOF recovery in the

contralateral arm. This arrangement allowed assessment of

acceleromyography and mechanomyography recovery

concomitantly in the same patient. In their study

acceleromyography was used either calibrated or uncal-

ibrated and the uncalibrated acceleromyography recovery

values were expressed with or without normalisation. The

results of that study confirmed that independent of the

method used, acceleromyography overestimates neuro-

muscular recovery when compared to mechanomyogra-

phy and, therefore, despite an acceleromyographic

recovery of 0.9, laryngeal and pharyngeal function may

still be significantly impaired. As indicated in Table 2,

recovery of the TOF ratio to unity and initial calibration

and normalisation of the final TOF values are essential to

detect low levels of residual paralysis reliably when using

acceleromyography. However, without initial calibration,

even an acceleromyographic TOF recovery to unity is

insufficient to exclude low levels of residual paralysis

reliably (Table 2).

Presuming that acceleromyography is often used as an

isolated test at the end of surgery, Samet et al. [11]

compared the performance of DBS, 100 Hz tetanus and a

single, and thus uncalibrated, acceleromyographic TOF

to detect residual neuromuscular blockade at the end of

surgery. The negative predictive value of these tests was

found to be between 29% (DBS) and 47% (single

acceleromyographic TOF), with the tetanus in between

(38%), and therefore are not appropriate for the reliable

detection of low levels of residual paralysis. These results

further support the view that acceleromyographic mon-

itoring should be used continuously from the induction of

anaesthesia to the end of surgery rather than just at the

end of the procedure. In addition, recovery to a TOF

ratio of unity, and both calibration and normalisation are

essential to detect low levels of residual paralysis with

acceleromyography.

Calibration in clinical practice

There exist two different calibration programs for the

current acceleromyography devices, depending on the

respective model, i.e. TOF-Watch�, TOF Watch S� or

TOF Watch SX� Schering Plough, Dublin, Ireland). The

first one applies several single twitches and then sets

the T1 response to 100%. This calibration mode sets the

current automatically at 50 Hz. Calibration with this

program needs approximatively 10 s. The second pro-

gram not only calibrates the T1 response but also

determines the supra-maximal current. It is available only

in TOF-Watch S� and TOF-Watch SX� monitors and

needs about 30 s to be correctly used. Both calibration

programs are user-friendly and can easily be used during

induction of anaesthesia.

Normalisation in clinical practice

As suggested by the data from Capron et al. [22],

normalisation of the final TOF ratios may be another

option for the correction of raw acceleromyographic

recovery parameters to improve the detection of residual

paralysis. Both Kopman [24] and Suzuki et al. [24] have

confirmed the potential usefulness of normalisation to

improve the performance of acceleromyography. How-

ever, a baseline control TOF value determined before the

Table 2 Negative predictive values of different acceleromyo-
graphic (acceleromyography) train-of-four (TOF) ratios.
Adapted from reference [23].

Acceleromyography

TOF ratio

Negative predictive value; median [range]

Calibrated
data

Uncalibrated
data, not
normalised

Uncalibrated
but normalised
data

0.9 37 [20–56]% 40 [23–59]% 89 [70–98]%
0.95 70 [51–85]% 60 [41–77]% 92 [75–99]%
1.0 97 [83–100]% 77 (58–90)% 96 [80–100]%
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administration of the NMB is also a prerequisite for

normalisation. In addition, the automatically calculated

TOF value provided by most monitoring devices loses its

usefulness as manual calculation is still required to

normalise TOF parameters. Thus, in reality, normalisa-

tion is perhaps not appropriate for routine use in clinical

conditions. Nevertheless, it should be feasible for the

manufacturer to integrate in a future software update of

the TOF-Watch series a program allowing automatic

calculation of normalised TOF ratios by taking into

account the baseline control TOF.

It must be emphasised that both calibration and

normalisation require a reference value before the

administration of the NMB. This reference value is

specific for the respective nerve–muscle unit. Therefore,

an intraoperative switch of the monitoring site, e.g. from

the corrugator supercilli during onset to the adductor

pollicis during recovery, as is sometimes suggested when

simple qualitative monitoring devices are used, is not

recommended when acceleromyography is used.

The scientific use of acceleromyography

Mechanomyography has been considered the ‘gold

standard’ for the precise quantification of neuromuscular

blockade for many years [5]. This method should still be

considered as the standard when new neuromuscular

monitoring techniques or new compounds are under

evaluation. However, acceleromyography is now increas-

ingly used for research purposes. Nevertheless, despite

good concordance between acceleromyography and

mechanomyography as indicated by Bland and Altman

analysis (Fig. 1), TOF values from the two monitors

cannot be directly compared. Indeed, the difference in

TOF ratios between acceleromyography and mechano-

myography showed a bias of )6.6% and the limits of

agreement were between )22.3 and 9.1. These values are

too wide to allow the two monitors to be used

interchangeably.

Not all commercially available acceleromyographs are

suitable for research. For instance, in two of the three

acceleromyographs marketed by Schering Plough (TOF-

Watch� and TOF Watch� S), a special algorithm is used

to calculate the TOF ratio. If the value of T2 is greater

than the value of T1, the TOF ratio will not be calculated

as T4 ⁄ T1 but as T4 ⁄ T2 and if this value is also >1.0, the

TOF Watch� (S) will only display a TOF ratio of 1.0.

Although this method of calculating the TOF ratio has

not yet been systematically evaluated, it is probably of

little real importance when used in the clinical context.

However, such devices are not appropriate when used for

research studies. In contrast, the actual TOF Watch� SX

device, does not have this special algorithm built-in and

can therefore be used in the research setting.

Originally, unrestricted movement of the thumb was

considered a prerequisite for the use of this measure-

ment method, but there is increasing evidence that a

small elastic preload in the range of 75–150 g on the

thumb may decrease the variability. An appropriate

preload device from the manufacturer is commercially

available. Finally, because acceleromyography is prone

to errors as a result of artefacts, unstable twitch

responses and movements (including those caused by

the surgeon or other personnel in the operating room)

more often than mechanomyography and EMG, it is

advisable to fix the fingers and the forearm when the

adductor pollicis muscle is used for acceleromyography

monitoring.

Details about the use of acceleromyography for

research purposes are summarised in the last update of

the guidelines for good clinical research practice in

pharmacodynamic studies of NMBs [5].

Neuromuscular monitoring and postoperative

nausea and vomiting

Several randomised and controlled clinical trials have

confirmed that the stimulation of the acupuncture point

P6 effectively decreases the incidence of postoperative

nausea and vomiting (PONV). Previous studies and a

systematic review in 2004 including 26 trials with more

than 3000 patients further confirmed this [25–27]. The

efficacy of P6 stimulation in decreasing the incidence of

PONV was independent of the technique chosen for its

stimulation, i.e. with a classical acupuncture needle or

with electro-acupressure. However, despite its proven

efficacy this approach for preventing PONV has never

gained widespread popularity in routine clinical practice.

It is likely that it may be difficult to assume continuous

stimulation during surgery. However, [28] workers have

recently reported that intra-operative P6 acupuncture
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Figure 1 (AMG) and (MMG) with 95% limits of agreement,
adapted from reference [23].
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point stimulation using a conventional nerve stimulator

significantly decreased the incidence of PONV for more

than 24 h and the efficacy of this non-pharmacological

approach to treating PONV was similar to that of

commonly used anti-emetic drugs. In this study, the

authors used a TOF-Watch S acceleromyography mon-

itor for the P6 stimulation, this acupuncture point being

located proximal to the wrist crease between the tendons

of the palmaris longus and the flexor carpi radialis muscles

of the forearm and thus close to the course of the median

nerve. One might speculate whether stimulation of P6

could allow both assessment of neuromuscular blockade

and prevention of PONV. However, until now only one

study has evaluated the median nerve as a stimulation site

for neuromuscular monitoring and more comparative

information about the stimulation characteristics of P6

and the evaluation of the muscular responses is required

[29]. Therefore, it has to be proven that the median nerve

stimulation is appropriate for neuromuscular monitoring

before changing current practice and abandoning the

ulnar nerve as a reference site [30].
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