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Recent advances in the monitoring of myogenic motor-evoked 
potentials: development of post-tetanic motor-evoked potentials
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Department of Anesthesiology, Nara Medical University, 840 Shijo-cho, Kashihara 634-8522, Japan

with the focus on a recently developed “post-tetanic 
MEP (p-MEP)” technique.

A history of the development of MEPs

In 1937, Penfi eld and Boldrey [6] fi rst reported that limb 
and face movements in humans could be elicited by the 
electrical stimulation of the exposed motor cortex at 
a frequency of 50–60 Hz. In this technique, patients 
needed to have a craniotomy to stimulate the motor 
cortex. In 1980, Merton and Morton [7] reported that a 
high-voltage single electrical stimulus applied over the 
skull could activate the motor cortex, and consequently, 
myogenic MEPs could be obtained from the limbs in 
patients without a craniotomy. These techniques using 
single pulses for stimulation have been successfully per-
formed in awake subjects. However, MEPs in response 
to electrical stimulation with a single pulse were very 
easily suppressed by most anesthetic agents. Early 
anesthetic techniques were limited to light anesthesia 
using narcotic-based or ketamine-based anesthesia. To 
overcome the anesthetic-induced suppression of myo-
genic MEPs, multiple-stimulus setups, with paired 
pulses or a train of pulses for stimulation have been in-
troduced [1–5]. When descending impulses are inhibit-
ed, the temporal accumulation of several excitatory 
postsynaptic potentials (EPSPs) is required to bring 
motor neurons from the resting state to the fi ring thresh-
old. Kalkman et al. [2] examined the effects of paired 
transcranial electrical stimulation on myogenic MEPs in 
anesthetized patients and demonstrated that maximum 
amplitude augmentation was observed with inters-
ti mulus intervals between 2 and 5 ms. When the inter-
stimulus interval was increased to 7 ms, no further 
augmentation was observed. Subsequently, a short train 
of electrical pulses over the scalp and exposed motor 
cortex has been shown to elicit MEPs successfully even 
under general anesthesia [3,4]. Multipulse transcranial 

Introduction

Intraoperative monitoring of motor-evoked potentials 
(MEPs) provides a method for monitoring the func-
tional integrity of descending motor pathways during 
operations in which there is a risk of brain and spinal 
cord injury. However, the clinical and experimental use 
of these techniques has shown that the elicited respons-
es are very sensitive to suppression by most anesthetics 
and muscular blockade [1]. Furthermore, patients with 
preoperative neuropathy may have very poor baseline 
MEPs. Although multipulse stimulation setups have 
been proposed to improve monitoring reliability [2–5], 
further improvements in techniques for reliable MEP 
recording will be required. In this article, we describe 
recent advances in intraoperative MEP monitoring, 

Address correspondence to: M. Kawaguchi
Received: June 23, 2008

M. Kawaguchi



490 JA Symposium

stimulators providing a train of up to ten stimuli are 
now available commercially.

Are current techniques for monitoring myogenic 
MEPs optimal?

Although the intraoperative recording of myogenic 
MEPs has become feasible since the introduction of 
multipulse stimulation, several problems regarding 
myogenic MEP monitoring remain unresolved. First, 
MEPs in response to multipulse stimulation are still 
sensitive to suppression by most anesthetics, so that the 
anesthetic drugs that can be used when MEPs are moni-
tored are limited to those with less suppressive effects 
on MEPs. In addition, MEPs could not be recorded in 
most patients with preoperative motor dysfunction, re-
sulting in low success rates of MEP recording and false-
positive results in such patients. Second, because the use 
of neuromuscular blocking agents is limited or pre-
cluded when MEPs are to be monitored, transcranial 
stimulation of the motor cortex usually elicits patients 
movement, which may interfere with the surgical pro-
cedure, especially under microscopy [8]. Furthermore, 
such movement of patients may predispose the patients 
to a risk of injury of neck, tongue, lip, and eyes, and the 
disconnection of catheters, resulting in failure of admin-
istration of intravenous anesthetics and, subsequently, 
intraoperative awareness.

What are post-tetanic MEPs?

Tetanic stimulation of peripheral nerves has been wide-
ly used as a method to potentiate muscle response un-
der neuromuscular blockade. During the administration 
of nondepolarizing neuromuscular blocking agents, 
tetanic nerve stimulation at 50–100 Hz is followed by a 
post-tetanic increase in twitch tension. The post-tetanic 
count after tetanic stimulation at 50 Hz for 5 s has there-

fore become an accepted technique to quantify the de-
gree of intense neuromuscular blockade under conditions 
in which responses to single-twitch stimulation are 
no longer obtained. Considering this phenomenon, we 
speculated that myogenic MEPs could also be aug-
mented when tetanic stimulation was applied prior to 
transcranial stimulation of the motor cortex. In 2005, we 
originally reported a new technique for MEP recording, 
called “post-tetanic MEP” (p-MEP, Fig. 1), in which the 
MEP amplitude can be enlarged by tetanic stimulation 
of the peripheral nerve prior to transcranial stimulation, 
compared with the amplitude of conventional MEP 
(c-MEP) [9]. Using this technique, we can successfully 
enlarge MEP amplitudes under general anesthesia with 
partial neuromuscular blockade. In the study [9], we 
determined the appropriate conditions of tetanic stimu-
lation at 50 Hz for p-MEP augmentation as follows; 
duration of tetanic stimulation, 2–5 s; stimulus intensity 
of tetanic stimulation, 25–50 mA; and post-tetanic inter-
val until transcranial stimulation, 1–5 s.

Mechanisms of p-MEP augmentation

The exact mechanisms of augmentation in p-MEP are 
still unclear. However, possible explanations are as fol-
lows. First, potentiation of neuromuscular transmission 
at neuromuscular junctions could be a primary mecha-
nism for p-MEP augmentation. Tetanic stimulation at 
50 Hz has been widely recognized to induce an augmen-
tation of subsequent muscle response to peripheral 
nerve stimulation. The mobilization and enhanced syn-
thesis of acetylcholine can continue during and after 
cessation of tetanic stimulation, so that, following the 
end of tetanic stimulation, there is an increase in the 
fractional release of acetylcholine from the nerve 
ending.

In addition to peripheral mechanisms at neuromus-
cular junctions, central mechanisms at the levels of 
brain and spinal cord may be also be involved in p-MEP 

Fig. 1. Techniques for recording post-
tetanic motor-evoked potential (p-MEP) 
and conventional MEP (c-MEP). For p-
MEP recording, tetanic stimulation of 
peripheral nerve with a duration of 5 s 
and a stimulus intensity of 50 mA at 50 Hz 
was performed prior to transcranial stim-
ulation, with a post-tetanic interval of 1 s. 
Digitimer, Welwyn Garden City, UK. 
(From [10] with permission)
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augmentation. The results of a subsequent study from 
our laboratory showed some evidence of which central 
mechanisms may be involved in p-MEP augmentation 
[10]. Originally, we proposed that MEP augmentation 
by tetanic stimulation of peripheral nerves would be 
limited to those muscles innervated by nerves with 
tetanic stimulation (TS muscles). For example, tetanic 
stimulation of the left tibial nerve was considered to 
augment MEP only in the TS muscles innervated by the 
left tibial nerve, including the left abductor hallucis 
muscle, but not other muscles (non-TS muscles) that are 
not innervated by the left tibial nerve. However, Hayas-
hi et al. [10] recently demonstrated that tetanic stimula-
tion of the unilateral tibial nerve prior to transcranial 
stimulation augmented MEP amplitudes from non-TS 
muscles in the bilateral upper and lower limbs, as well 
as augmenting MEP amplitudes from TS muscles. These 
fi ndings suggested that central mechanisms at the levels 
of spine and brain may be also involved in p-MEP 
augmentation.

Appropriate levels of neuromuscular blockade for 
MEP monitoring

Because complete neuromuscular blockade abolishes 
myogenic MEPs, the concept of partial neuromuscular 
blockade was invoked for anesthetic management dur-
ing the monitoring of myogenic MEPs. van Dongen 
et al. [11] suggested that a stable neuromuscular block-
ade aimed at 45%–55% of baseline could provide 
reliable and recordable muscle responses during intra-
operative myogenic MEPs. However, this level of neu-
romuscular blockade elicits movement of the patient in 
response to transcranial stimulation. The movement of 
patients may interfere with surgery, especially micro-
scopic surgery, and may induce injury to the cervical 
spine, tongue, and eyes, for example. The development 
of MEP methods in which no patient movement is in-
duced in response to transcranial stimulation may there-
fore be an important clinical challenge. Recently, in a 
study from our group, Yamamoto et al. [8], using the 
twitch height (T1) of the abductor hallucis brevis muscle 
in response to supramaximal electrical stimulation, 
investigated the appropriate levels of neuromuscular 
blockade in which p-MEP monitoring was feasible with-
out any patients movement. The results indicated that 
1 mV of T1 or 10% of %T1 was an appropriate level of 
neuromuscular blockade for monitoring p-MEP with-
out patients movement in response to transcranial stim-
ulation under propofol/fentanyl anesthesia. At this level 
of neuromuscular blockade, microsurgery was feasible 
without the interruption of surgery as long as p-MEP 
was used for monitoring. Although we do not recom-
mend this level of neuromuscular blockade as a routine 

practice, this technique can be used as an alternative 
tool when patient movement is a problem.

Reliability of p-MEP monitoring

For the reliable monitoring of MEP, high success rates 
of MEP recording and low false-positive and false-
negative rates are required. However, the success rates 
of baseline MEP recording during general anesthesia 
have remained unsatisfactory, especially in patients 
with preoperative neurological dysfunction. Recent re-
ports have indicated that the success rates of baseline 
MEP recording during spinal surgery were 89%–100% 
and 30%–50% in patients without and with preopera-
tive motor weakness, respectively [12,13]. In our recent 
study, the success rates of baseline MEP recording were 
signifi cantly improved by using p-MEP in patients with-
out and with preoperative motor weakness (c-MEP, 
74.5% and 51.7%, respectively; p-MEP, 96.1% and 
86.2%, respectively) [14].

A false-positive result of intraoperative MEP was 
defi ned as persistent MEP loss or a signifi cant decrease 
with no new postoperative motor defi cits. In fact, false-
positive results of intraoperative MEPs have been re-
ported repeatedly, at a range of 0% to 27%, because of 
the suppressive effects exerted by a variety of factors, 
including anesthetic agents, neuromuscular blocking 
agents, hemodynamic changes, temperature, and failure 
of electrodes [15,16]. In our series of 80 patients under-
going spine and spinal cord surgery, the false-positive 
rate of MEP monitoring was 4% when c-MEP was used 
for monitoring; however, when p-MEP was used for 
monitoring, the false-positive rate was 0% [14]. This 
study also showed that there were no false-negative re-
sults of c-MEP and p-MEP. These results indicate that 
the application of p-MEPs does not seems to interfere 
with the accuracy of MEP monitoring, although, for a 
defi nitive result, further study with more patients would 
be required.

Conclusion

Although MEP monitoring under general anesthesia 
was feasible in most patients without preoperative 
neurological defi cits, the success rates of MEPs and the 
accuracy of MEP monitoring remained unsatisfactory. 
The development of techniques to augment MEP re-
sponses, such as p-MEP, under general anesthesia may 
provide the key to further improvements in MEP moni-
toring. Further studies are required before p-MEP can 
be used as a routine technique for the intraoperative 
monitoring of motor function.
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