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MultiModal neurophysiological monitoring is 
commonly used in complex spine surgeries for 
prevention of intraoperative neurological injury. 

In 1980, Merton and Morton20 introduced a novel tech-
nique for intraoperative neurophysiological monitoring 
of spinal cord integrity by using MEP monitoring, which 
has since become the standard for intraoperative monitor-
ing. This was initially accomplished by stimulating the 
motor cortex transcranially, and recording the subsequent 
evoked action potentials in peripheral muscles. Monitor-
ing of the motor tracts allowed real-time assessment of 
the integrity of the descending pyramidal tracts. Impor-
tantly, monitoring of the motor pathways included por-
tions of the spinal cord supplied by the anterior spinal 
artery. Compromise of this vascular distribution largely 
spares the dorsal columns, which is the dominant sub-
strate for somatosensory evoked potential monitoring.

Variations of the transcranial method of stimulation 
followed, including stimulation of the spinal cord, skull, 
hard palate, and exposed motor cortex.26 Transcranial 
magnetic stimulation of MEPs was successfully accom-
plished as well, but it is an impractical method, given the 

complex electromagnetic environment within the operat-
ing room and the ease of electrical stimulation.8

Early attempts at MEP monitoring encountered sim-
ilar difficulties, with signal suppression due to anesthe-
sia. Inghilleri et al.11 first reported improved monitoring 
with paired stimulation, which is attributed to effective 
accumulation of excitatory postsynaptic potentials at the 
level of the anterior horn motor neurons. Application of 
a short train of stimulation, spaced 2–5 msec apart, was 
found to improve greatly the reliability of MEP monitor-
ing.6,16,27 Later, the application of a 2- to 5-second tetanic 
stimulation to the peripheral muscles ~ 1–5 seconds prior 
to TcMEP stimulation could effectively augment MEP 
monitoring.14

Presently, TcMEPs are commonly used in complex 
spinal operations, including tumor and deformity surgery. 
Given that neurophysiological monitoring can be signifi-
cantly influenced by anesthesia, awareness of how vari-
ous anesthetic agents can impact TcMEPs is essential.

Methods
An extensive search of the US National Library of 

Medicine database was performed using the terms “an-
esthesia,” “neurophysiology,” “electrophysiology,” “mo-
tor evoked potential,” “monitoring,” and “spine surgery.” 

Impact of anesthesia on transcranial electric motor evoked 
potential monitoring during spine surgery: a review of the 
literature

Anthony C. WAng, M.D., Khoi D. thAn, M.D., ArnolD B. EtAME, M.D.,  
FrAnK lA MArCA, M.D., AnD PAul PArK, M.D.
Department of Neurosurgery, University of Michigan Health System, Ann Arbor, Michigan

Object. Transcranial motor evoked potential (TcMEP) monitoring is frequently used in complex spinal surger-
ies to prevent neurological injury. Anesthesia, however, can significantly affect the reliability of TcMEP monitoring. 
Understanding the impact of various anesthetic agents on neurophysiological monitoring is therefore essential.

Methods. A literature search of the National Library of Medicine database was conducted to identify articles 
pertaining to anesthesia and TcMEP monitoring during spine surgery. Twenty studies were selected and reviewed.

Results. Inhalational anesthetics and neuromuscular blockade have been shown to limit the ability of TcMEP 
monitoring to detect significant changes. Hypothermia can also negatively affect monitoring. Opioids, however, 
have little influence on TcMEPs. Total intravenous anesthesia regimens can minimize the need for inhalational 
anes thetics.

Conclusions. In general, selecting the appropriate anesthetic regimen with maintenance of a stable concentration 
of inhalational or intravenous anesthetics optimizes TcMEP monitoring. (DOI: 10.3171/2009.8.FOCUS09145)

KEy WorDs      •      anesthesia      •      intraoperative monitoring      •      spine surgery      •       
transcranial motor evoked potential

1

Abbreviations used in this paper: MAC = minimal anesthetic con-
centration; MEP = motor evoked potential; TcMEP = transcranial 
MEP; TIVA = total intravenous anesthesia.
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Retrieved articles were screened for human patients un-
dergoing spine surgery in which electric TcMEP monitor-
ing was used. Case reports and small studies of < 5 pa-

tients were excluded. From among the 50 articles initially 
identified, we selected 20 articles in which the effect of 
anesthetic agents on TcMEP monitoring was studied. 

TABLE 1: Literature review of clinical studies reporting the effect of anesthetic regimens used in spine surgeries involving intraoperative 
MEP monitoring

Authors & Year
No. of 

Patients Anesthetic Agents Used Results

Zentner et al., 1989 15 ni trous oxide, fentanyl, fluni-
trazepam, thiopental

nit rous oxide decreased electric TcMEP amplitudes, whereas fentanyl, fluni-
trazepam, & thiopental had only a minor effect on TcMEP

Calancie et al., 1991 8 isoflurane ad dition of isoflurane resulted in marked attenuation of electric TcMEP re-
sponses

Jellinek et al.,12 1991 34 propofol alt hough propofol anesthesia caused reduction in magnetic TcMEP amplitude, 
intraop monitoring was sensitive to disturbance in motor pathways

Jellinek et al.,13 1991 34 nitrous oxide & propofol w/  concentrations < 50%, nitrous oxide can be used w/o significant negative 
effect on electric TcMEPs in patients under propofol anesthesia

Kalkman et al., 1992 11 vecuronium electric TcMEP monitoring is possible w/ partial neuromuscular blockade
Taniguchi et al., 1993 77 p ropofol, etomidate, methohexi-

tal, or thiopental
al l 4 intravenous anesthetic agents shown to have negative influence on mag-

netic TcMEP monitoring
Woodforth et al., 1996 6 isoflurane & nitrous oxide sa tisfactory electric TcMEPs could be obtained w/ nitrous oxide & isoflurane 

(0.1%–0 for 10 min); isoflurane concentrations > 0.1% resulted in loss of 
responses

Ubags et al., 1997 18 et omidate or ketamine + sufen-
tanil + nitrous oxide

et omidate or ketamine can be used to supplement nitrous oxide/opioid anesthe-
sia w/o significant impact on electric TcMEP monitoring

Ubags et al., 1998 10 isoflurane is oflurane significantly depresses single-stimulus electric TcMEPs, but multi-
stimulus TcMEPs can allow monitoring up to 1 MAC of isoflurane w/ nitrous 
oxide/opioid anesthesia

Kawaguchi et al., 2000 58 ni trous oxide–fentanyl-
ketamine w/ or w/o low-dose 
(1–3 mg/kg/hr) propofol

pr opofol negatively affects single-stimulus electric TcMEPs, but train of stimuli 
for TcMEPs allows use of low-dose propofol to supplement ketamine-based 
anesthesia

Pelosi et al., 2001 50 pr opofol & nitrous oxide vs 
isoflurane & nitrous oxide

m ultipulse electric TcMEP monitoring possible in 97% of spinal ops w/ propofol, 
nitrous oxide, & opioid anesthesia; only 61% could be monitored w/ isoflurane, 
nitrous, & opioid anesthesia

Scheufler & Zentner,  
 2002

40 al fentanil, sufentanil, fentanyl, 
remifentanil, thiopental, mida-
zolam, etomidate, ketamine, 
& propofol

TI VA using remifentanil & midazolam (or propofol) allows satisfactory monitoring 
of magnetic TcMEPs; etomidate & midazolam had minimal effect on TcMEPs; 
ketamine had a suppressive influence at high doses

Nathan et al., 2003 15 propofol m ultipulse electric TcMEPs were reduced in a dose-dependent manner, although 
latencies were unchanged w/ propofol; combining propofol w/ remifentanil can 
allow adequate monitoring

Chen, 2004 35 isoflurane vs propofol int ravenous anesthesia w/ propofol allowed adequate monitoring in all patients 
by using multipulse electric TcMEPs; only 58.8% of patients could be moni-
tored when isoflurane anesthesia was used

Lo et al., 2004 10 desflurane co mbination of nitrous oxide & desflurane (0.5% maximum alveolar concentra-
tion) allowed adequate monitoring using multipulse electric TcMEPs

Lo et al., 2006 20 desflurane vs TIVA bo th anesthetic regimens (desflurane w/ nitrous oxide & TIVA w/ propofol) al-
lowed adequate monitoring w/ multipulse electric TcMEPs

Zaarour et al., 2007 34 ke tamine added to TIVA 
(propofol & remifentanil)

ad dition of low-dose ketamine did not limit the voltage necessary to obtain 
maximal amplitude responses w/ electric TcMEPs

Anschel et al., 2008 18 dexmedetomidine added to
 TIVA

de xmedetomidine can be used as an adjunct to TIVA w/o significantly impacting 
TcMEP monitoring

Tobias et al., 2008 9 de xmedetomidine added to 
TIVA (propofol & remifen-
tanil)

w/  adjustment of propofol dosing, dexmedetomidine can be added as a supple-
ment to the anesthetic regimen w/o significantly influencing electric TcMEP 
monitoring

Hayashi et al., 2009 35 sevoflurane se voflurane suppressed TcMEP monitoring; no significant difference between 
conventional & posttetanic MEP monitoring observed
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Results and Discussion
Transcranial MEP recording, when used as a part of 

multimodality intraoperative neurophysiological moni-
toring, is exquisitely sensitive in recognizing intraopera-
tive nervous injury, both by mechanical and by ischemic 
mechanisms.10 However, MEP recordings are also known 
to be affected by a number of anesthetic agents, due to the 
inhibitory effect of inhalational anesthetics at the cortical 
axon synapses and spinal anterior horn cells. At the time 
of Merton and Morton’s experiments,20 halogenated an-
esthetics and nitrous oxide were commonly used in spine 
surgeries. The tendency of these anesthetics to depress 
motor neuron activity was quickly discovered, and intra-
venous anesthesia was introduced, initially using fentanyl 
and propofol, to mitigate this effect.12

The successful performance of intraoperative neuro-
physiological monitoring is dependent on careful main-
tenance of a steady and consistent electrophysiological 
baseline. The anesthetic regimens used in spine surgeries 
involving the use of intraoperative MEP monitoring have 
since been studied in great detail. Relevant clinical stud-
ies are listed in Table 1. All volatile halogenated anesthet-
ics, as well as nitrous oxide, produce a dose-dependent 
reduction in MEP signal amplitude. Because the signal 
amplitudes of MEP recordings are already quite small, 
the effect of these inhalational agents can limit the prac-
titioner’s ability to detect significant changes intraopera-
tively. A number of studies have shown that with partial 
neuromuscular blockade, effective monitoring could still 
be performed at 0.5 MAC, with more variability at 1.0 
MAC.3 With other, less disruptive options available, inha-
lational agents are generally to be avoided in cases requir-
ing neurophysiological monitoring.

With the relative ease of TIVA administration, the 
need for inhalational anesthetics can be minimized. Vari-
ous combinations of intravenous anesthetic regimens have 
been described and tested intraoperatively. Propofol, syn-
thetic narcotics, and N-methyl-d-aspartate receptor an-
tagonists have been used successfully in sizable series of 
spine operations, as detailed in Table 1. Although propo-
fol does demonstrate a dose-dependent reduction in MEP 
amplitude without effect on latency,12 it has repeatedly 
been shown to produce a more stable neurophysiological 
environment for monitoring, when compared with inha-
lational anesthetics.21–24

Opioids have shown minimal influence on MEP re-
cording, and administered as a continuous infusion, are 
an invaluable part of an anesthetic regimen for spine 

surgery requiring neurophysiological monitoring. More 
recently, interest has been shown in using ketamine and 
dexmedetomidine as part of a TIVA regimen. Ketamine 
is known to enhance the monitoring of evoked potentials,7 
and has demonstrated its utility in a number of stud-
ies.24,29,32 Dexmedetomidine has been used as a supple-
ment to TIVA to reduce the dose of propofol, without evi-
dence of detriment.2,28 Neuromuscular blockade is known 
to suppress MEP signal recording. Partial paralysis has 
been used on rare occasions, but is generally too unpre-
dictable to use regularly.1

Electric conduction increases in velocity with tem-
perature, and the same principle appears to apply in MEP 
monitoring. Hypothermia is thought to decrease the re-
liability of MEP monitoring, demonstrating an increase 
in stimulation threshold with decreasing temperatures.25 
Similarly, latency is reduced and conduction velocity in-
creased with hyperthermia, although MEPs deteriorate 
above 42°C (Table 2).

Conclusions
Overall, intraoperative neurophysiological monitor-

ing has been shown to offer excellent reliability in assess-
ing iatrogenic neurological injury. Selection of the appro-
priate anesthetic regimen can help to optimize the data 
recorded. Regardless of the regimen used, it is of utmost 
importance to maintain a stable concentration of inhala-
tional or intravenous anesthetic. Although improvements 
in monitoring technology have compensated for inher-
ently low signal amplitudes that are made more difficult 
by the nature of anesthesia, sudden changes in dose can 
induce MEP changes, making interpretation impossible.

Disclaimer

The authors report no conflict of interest concerning the mate-
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