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Abstract
Purpose Propofol inhibits the amplitudes of transcranial electrical motor-evoked potentials (TCE-MEP) in a dose-dependent 
manner. However, the mechanisms of this effect remain unknown. Hence, we investigated the spinal mechanisms of the 
inhibitory effect of propofol on TCE-MEP amplitudes by evaluating evoked electromyograms (H-reflex and F-wave) under 
general anesthesia.
Methods We conducted a prospective, single-arm, interventional study including 15 patients scheduled for spine surgery 
under general anesthesia. Evoked electromyograms of the soleus muscle and TCE-MEPs were measured at three propofol 
concentrations using target-controlled infusion (TCI: 2.0, 3.0, and 4.0 µg/mL). The primary outcome measure was the left 
H-reflex amplitude during TCI of 4.0- compared to 2.0-µg/mL propofol administration.
Results The median [interquartile range] amplitudes of the left H-reflex were 4.71 [3.42–6.60] and 5.6 [4.17–7.46] in the 
4.0- and 2.0-μg/mL TCI groups (p = 0.4, Friedman test), respectively. There were no significant differences in the ampli-
tudes of the right H-reflex and the bilateral F-wave among these groups. However, the TCE-MEP amplitudes significantly 
decreased with increased propofol concentrations (p < 0.001, Friedman test).
Conclusion Propofol did not affect the amplitudes of the H-reflex and the F-wave, whereas TCE-MEP amplitudes were 
reduced at higher propofol concentrations. These results suggested that propofol can suppress the TCE-MEP amplitude by 
inhibiting the supraspinal motor pathways more strongly than the excitability of the motor neurons in the spinal cord.
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Introduction

Motor-evoked potential (MEP) measurement is widely used 
for intraoperative neurophysiological monitoring. MEP 
measurement provides early detection of intraoperative neu-
rological damage and prevention of postoperative neurologi-
cal dysfunction [1–4]. However, it has been reported that 
several factors, such as hypotension, hypoxemia, increased 
intracranial pressure, and hypothermia, attenuate the MEP 
amplitude [5]. Especially, anesthetic agents are known to 
suppress the MEP amplitude [6–12]. When an intraoperative 

MEP measurement under general anesthesia is required, 
propofol is often preferred because the suppressive effect of 
propofol on the MEP amplitude is known to be smaller than 
that of other intravenous or volatile anesthetics [13].

However, propofol reduces the amplitude of transcranial 
electrical (TCE)-MEP in a dose-dependent manner [10]. 
Propofol enhances inhibitory synaptic transmission by 
activation of gamma-aminobutyric acid type A  (GABAA) 
receptors and inhibits neural excitability in the brain and 
spinal cord [14–17]. To elucidate the propofol effect on the 
spinal cord, evoked electromyograms have been used in pre-
vious clinical trials, as we can know the excitability of the 
spinal motor neurons in humans without performing inva-
sive procedures. In addition, the evoked electromyograms 
(H-reflex, F-wave, and M-wave) are measured for the diag-
nosis of neuromuscular diseases. The H-reflex is a mono-
synaptic response following the electrical stimulation of Ia 
afferents derived from muscle spindles in their innervated 
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nerves and reflects the amount of excitatory synaptic inputs 
from the afferents to the motor neurons. The F-wave is 
evoked by retrograde electrical stimulation of efferent fib-
ers and reflects the spinal motor neuron excitability, and the 
nerve conduction. The effects of propofol on the spinal cord 
in humans have also been reported in various ways using 
evoked electromyograms. Propofol suppresses the ampli-
tudes of H-reflex and F-wave at subanesthetic [target-con-
trolled infusion (TCI), 0.5 µg/mL] [18–20] and anesthetic 
doses [18, 21, 22]. The results of these studies indicated that 
propofol inhibits the excitability of the spinal motor neurons. 
Therefore, the propofol-induced reduction of the TCE-MEP 
amplitude is attributed to the spinal motor neuron suppres-
sion. However, the purpose of these studies was to examine 
the effects of propofol regarding surgical immobility and 
thus these were not focused on the mechanisms with which 
propofol suppresses the TCE-MEP amplitude. The reduc-
tion in amplitude of TCE-MEPs by propofol has not been 
analyzed using the H-reflex or F-wave, and the underlying 
mechanisms have not been fully elucidated yet.

We hypothesized that the inhibition of the spinal motor 
neurons would be involved in the mechanism, by which 
propofol suppresses the TCE-MEP amplitude. Therefore, we 
performed a prospective, single-arm, interventional study. 
This study aimed to elucidate the spinal mechanisms of the 
suppressive effect of propofol on TCE-MEP amplitudes 
using the H-reflex and F-wave under general anesthesia. 
If propofol suppresses the amplitudes of the H-reflex and 
F-wave in a dose-dependent manner, the spinal motor neu-
ron inhibition by propofol may contribute to its suppressive 
effects on TCE-MEP amplitudes.

Methods

Patients

This study was approved by the Ethics Committee of Nii-
gata University Medical and Dental Hospital, Niigata, Japan 
(Approval No. 2017-0316) and registered at UMIN-CTR 
(registration number: UMIN000031650, date: March 19, 
2018, PI: Hiroyuki Deguchi). The study was conducted in 
compliance with the Helsinki Declaration. Written con-
sent was obtained from all participants. We enrolled adult 
patients who were scheduled for spine surgery by a posterior 
approach requiring intraoperative neurophysiological moni-
toring between March 2018 and January 2020. The exclusion 
criteria were as follows: American Society of Anesthesiolo-
gists physical status of 4 or 5; previous history of epilepsy, 
cerebrovascular diseases, neuromuscular disorders (such as 
myasthenia gravis or muscular dystrophy diagnosed by a 
neurologist before surgery), peripheral nerve dysfunction of 
the lower extremities, or severe heart disease; inability to 

provide informed consent; and allergy to any of the drugs 
used in this study. The anesthetic management according 
to the study protocol was considered inappropriate for the 
patient by the attending anesthesiologist (i.e., when the use 
of volatile anesthetics would be preferable to propofol).

General anesthesia

Patients were taken to the operating room without receiving 
premedication. After lying on the surgical table and secur-
ing an intravenous line in the forearm, the patients were 
preoxygenated with 5 L/min of oxygen using a facemask. 
General anesthesia was induced by continuous infusion of 
propofol (Aspen Japan, Tokyo, Japan) and remifentanil (Dai-
ichi-Sankyo, Tokyo, Japan) (0.4–0.5 µg/kg/min). Propofol 
was administered using a TCI pump (TE-371  Diprifusor®; 
Terumo, Tokyo, Japan). The propofol infusion was started 
at a TCI dose of 3.0 µg/mL and increased by 1.0 µg/mL 
until the Bispectral index (BIS) values were < 60. Rocuro-
nium bromide (Fuji Pharma, Tokyo, Japan) (0.6 mg/kg) was 
administered to facilitate tracheal intubation. After tracheal 
intubation, the anesthetic doses decreased (propofol: 2.0 µg/
mL; remifentanil: 0.2 µg/kg/min). The remifentanil dose 
maintained at 0.2 µg/kg/min throughout the study period. 
Before neurophysiological monitoring, sugammadex (MSD, 
Tokyo, Japan) was administered to all patients to reverse 
the rocuronium effects according to the following criteria: 
2 mg/kg when the train-of-four count was ≥ 2; 4 mg/kg when 
the train-of-four count was < 2 and the post-tetanic count 
was > 1. In addition to standard monitoring (electrocardiog-
raphy, pulse oximetry, the partial pressure of end-tidal car-
bon dioxide, and body temperature), invasive blood pressure 
and cardiac output monitoring using the FloTrac/EV1000™ 
system (Edwards Life Sciences, Irvine, CA, USA) were 
performed.

Neurophysiological recordings

We used an intraoperative neurophysiological monitoring 
system (Neuromaster MEE-1232; Nihon Kohden, Tokyo, 
Japan). TCE-MEPs were elicited by trains of five pulses 
(interstimulus intervals of 2 ms, low-cut filter of 10 Hz, and 
high-cut filter of 3 kHz) using a constant-voltage stimula-
tor (SEN-4100; Nihon Kohden). The stimulus intensity 
was set to supramaximal stimulation with an upper limit of 
600 V. A pair of corkscrew electrodes (SN-100-1500AD; 
Unique Medical, Tokyo, Japan) was fixed at C3 (cathode) 
and C4 (anode) (international 10-20 system). Adhesive gel 
Ag–AgCl electrodes (NM314YL; Nihon Kohden) were 
attached to the skin and used for neuromuscular record-
ings. Targeted muscles for TCE-MEP monitoring were the 
bilateral abductor pollicis brevis, quadriceps femoris, tibi-
alis anterior, abductor hallucis, soleus (SM), and hamstrings 
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(HAM). Evoked electromyograms were elicited by posterior 
sural nerve stimulation at the popliteal fossa and recorded 
at the bilateral SM using adhesive gel Ag–AgCl electrodes. 
The recording conditions were as follows: H-reflex: stimu-
lus lasting 1 ms, low-cut filter of 20 Hz, and high-cut filter 
of 3 kHz; F-wave: stimulus lasting 0.2 ms, low-cut filter of 
50 Hz, and high-cut filter of 3 kHz; M-wave: stimulus lasting 
0.5 ms, low-cut filter of 20 Hz, and high-cut filter of 3 kHz. 
The H-reflex and M-wave stimulus intensities were set to 
intensities where their amplitudes reached the maximum. 
The stimulus intensity for the F-wave recordings was set to 
120% of the stimulus intensity used for the M-wave record-
ings. All amplitudes were measured as peak-to-peak values.

Study protocol

After the patient posture was changed to the prone position, 
recordings of TCE-MEPs and evoked electromyograms were 
started. The study protocol is presented in Fig. 1. The ini-
tial target concentration of propofol was set at 2.0 µg/mL. 
After confirming that the estimated effect-site concentration 
of propofol with the TCI pump was stabilized at the target 
concentration, evoked potentials were measured in the order 
of H-reflex, M-wave, F-wave, and TCE-MEP. After com-
pletion of all measurements at the target concentration of 
2.0 μg/mL, the target concentration increased to 3.0 μg/mL, 
and these evoked potentials were recorded in the same way 
after the target concentration was stabilized at approximately 
10 min. The same protocol was used to record at the target 
concentration of 4.0 μg/mL (Fig. 1). When the systolic blood 
pressure was < 90 mmHg, ephedrine or phenylephrine was 
administered intravenously by the attending anesthesiologist. 
All measurements were completed within 30 min before the 
surgical procedure.

Outcomes

The primary outcome measure was the amplitude of the left 
H-reflex. We defined the 2.0 µg/mL group as the control 
group. The secondary outcome measures were the ampli-
tudes of the right H-reflex, bilateral TCE-MEPs, M-waves, 
and F-waves.

Statistical analysis

The demographic data of the study population are expressed 
as medians and ranges [minimum–maximum values]. Vital 
signs are expressed as means and standard deviations. Other 
continuous variables with nonparametric distribution are 
expressed as medians and interquartile ranges [25%, 75%]. 
Data were analyzed using the repeated measures of analy-
sis of variance, the Friedman test, the paired t test, and the 
Wilcoxon signed-rank test with Holm correction as the post-
hoc analysis. During the analysis, missing values were not 
imputed. All statistical tests were two-sided, and statistical 
significance was defined as a p value < 0.05. Statistical anal-
yses were performed using R version 3.2.4 (R Foundation 
for Statistical Computing, Vienna, Austria).

The sample size was calculated based on the results of a 
previous study [19] using G*power version 3.1.9.5 (Hein-
rich-Heine-Universität Düsseldorf, Germany). In this study, 
TCI of 1.5 μg/mL propofol reduced the H-reflex amplitude 
by 22% (standard deviation 15%). We assumed that the 
decrease in amplitude when the propofol dose increased 
from 2.0 to 4.0  μg/mL was similar to that previously 
reported. Although they used the relative value in the previ-
ous study, we thought it could be adapted for the absolute 
value when the effect size could be calculated. As a result, 
the effect size was 1.4, which was sufficient. Thus, a sample 
size calculation revealed that nine patients were required 

Fig. 1  Study protocol. TCE-
MEP transcranial motor-evoked 
potential
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with α = 0.05 and β = 0.95. Therefore, we decided to enroll 
15 patients, considering possible protocol violations.

Results

Seventy-four adult patients underwent spine surgery requir-
ing MEP monitoring during the study period. Fifty-nine 
patients were excluded by the criteria (peripheral nerve 
dysfunction of the lower extremities, 55; inability to pro-
vide informed consent, one; decline to participate, three). 
Therefore, the data of 15 patients were analyzed (Fig. 2). In 
one patient, it was not possible to obtain MEPs of the left 
HAM. The demographic data of all patients are presented 
in Table 1. Intraoperative vital signs and the hemodynamic 
data of the study participants are presented in Table 2; BIS 

Fig. 2  Participant flow diagram. 
TCE-MEP transcranial motor-
evoked potential

Table 1  Characteristics of patients

Data are expressed as medians [ranges] or numbers (%)

Characteristics n = 15

Sex male 1 (6.6%)
Age (years) 34 [20–70]
Height (cm) 155.4 [147–165]
Weight (kg) 50 [40.3–60.3]
Disease
 Scoliosis 12 (80%)
 Kyphosis 3 (20%)

Table 2  Vital signs and 
hemodynamic parameters

Data are expressed as means (standard deviations). Bispectral index values,  ETCO2, and body temperature 
decreased with increasing propofol dose
TCI target-controlled infusion, CCI continuous cardiac index, ETCO2 partial pressure of end-tidal carbon 
dioxide, SpO2 percutaneous oxygen saturation
*p < 0.05 (2.0 vs 3.0 μg/mL). p values are calculated by paired t test, with Holm adjustment
† p < 0.05 (3.0 vs 4.0 μg/mL, paired-t test, with Holm adjustment)
‡ p < 0.05 (2.0 vs 4.0 μg/mL, paired-t test, with Holm adjustment)
§ One-way repeated measures Analysis of variance

Target concentration of propofol

n 2.0 μg/mL 3.0 μg/mL 4.0 μg/mL p  value§

Heart rate (bpm) 15 58 (5.7) 60 (5.1) 60 (5.1) 0.23
Mean blood pressure (mmHg) 15 67 (9.6) 68 (8.0) 68 (5.1) 0.8
CCI (L/min/m2) 15 2.9 (0.6) 3.0 (0.8) 3.0 (0.7) 0.34
ETCO2 (mmHg) 15 36 (1.7) 35 (1.3)* 34 (1.5)‡ < 0.001
SpO2 (%) 15 100 (0) 100 (0) 100 (0) –
Body temperature (ºC) 14 36.2 (0.4) 36.1 (0.4) 36.1 (0.3)‡ 0.002
Bispectral index 15 61 (9.6) 45 (10.9)* 34 (5.8)†,‡ < 0.001
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values, partial pressures of end-tidal carbon dioxide, and 
body temperatures decreased with increasing propofol doses.

The amplitudes of the evoked potentials are presented in 
Table 3. The amplitude of the left H-reflex was not signifi-
cantly different for increasing the propofol doses. Similarly, 
there were no significant differences in the amplitudes of the 
right H-reflex, the bilateral F-waves, and the left M-wave 
for different propofol doses. The right M-wave amplitude 
increased in the 3.0 and 4.0 μg/mL groups compared to 
the 2.0 μg/mL group. TCE-MEP amplitudes of all muscles 
significantly decreased dose-dependently (Table 3). No 
adverse events occurred in the patients during the observa-
tion period.

Discussion

Contrary to our hypothesis, bilateral H-reflex and F-wave 
amplitudes were not significantly different in the 4.0- than 
in the 2.0-μg/mL group, although the TCE-MEP amplitudes 
were significantly suppressed in all muscles by propofol. 
As the H-reflex and F-wave amplitudes are known to reflect 
the excitability of the motor neurons in the spinal cord, the 

results of this study suggested that the inhibition of the spi-
nal motor neurons does not largely contribute to the inhibi-
tory effect of propofol on TCE-MEP amplitude.

Propofol acts as an agonist on  GABAA receptors and sup-
presses neural excitability in the central nervous system. 
Several studies have reported that propofol inhibits presyn-
aptic neurotransmission by enhancing  GABAA receptor-
mediated tonic inhibition in the spinal ventral horn neurons 
[16, 17, 23]. This inhibition of the spinal motor neurons 
by propofol was supported by previous clinical reports, in 
which propofol suppressed the H-reflex and F-wave ampli-
tude [18–21]. However, in the present study, the amplitudes 
of these evoked electromyograms were not reduced by the 
increased propofol administration. The discrepancy between 
the previous studies and the present study might be explained 
by the stimulus intensity. A previous study indicated that 
smaller motor neurons in the spinal cord were more suscepti-
ble to propofol while they had a lower stimulation threshold. 
Especially, they responded to a weaker stimulus intensity 
on Ia fibers [24]. Therefore, when the stimulus intensity 
became stronger, the suppressive effect of propofol on the 
H-reflex would be reduced because the responses from larger 
motor neurons became the main H-reflex component. In the 

Table 3  Amplitudes of H-reflex, 
M-wave, F-wave, and TCE-
MEP

The amplitudes of evoked electromyograms were not affected by propofol increment except for the right 
M-wave amplitude. In contrast, the amplitudes of TCE-MEP significantly decreased dose-dependently. The 
TCE-MEPs include those obtained from both sides. Data are expressed as medians and interquartile ranges 
[25%, 75%]
TCE-MEP transcranial electric motor-evoked potential, TCI target-controlled infusion, SM soleus muscle, 
APB abductor pollicis muscle, QF quadriceps femoris muscle, TA tibialis anterior muscle, AH abductor 
hallucis muscle, HAM hamstrings
*p < 0.05 (2.0 vs 3.0 μg/mL, Wilcoxon signed-rank test, with Holm adjustment)
† p < 0.05 (3.0 vs 4.0 μg/mL, Wilcoxon signed-rank test, with Holm adjustment)
‡ p < 0.05 (2.0 vs 4.0 μg/mL, Wilcoxon signed-rank test, with Holm adjustment)
§ Friedman test

Target concentration of propofol

Amplitude n 2.0 μg/mL 3.0 μg/mL 4.0 μg/mL p  value§

H-reflex (mV) Lt 15 5.60 [4.17, 7.46] 6.00 [3.59, 7.45] 4.71 [3.42, 6.6] 0.4
Rt 15 4.94 [2.97, 7.73] 4.98 [2.89, 7.89] 4.12 [3.05, 7.90] 0.2
Bilateral 30 5.57 [3.82, 7.66] 5.56 [3.42, 7.61] 4.69 [3.25, 6.84] 0.1

M-wave (mV) Lt 15 23.2 [19.1, 27.8] 22.4 [18.1, 27] 22.7 [18.4, 26.8] 0.06
Rt 15 26.1 [17.5, 32.7] 26.2 [16.9, 31.9]* 26.7 [17.3, 31.4]‡ 0.009
Bilateral 30 24.7 [17.8, 31.6] 24.0 [17.1, 29.9]* 24.0 [17.6, 30.8]‡ < 0.001

F-wave (mV) Lt 15 1.73 [0.89, 3.68] 1.79 [0.94, 3.57] 1.48 [0.92, 3.68] 0.4
Rt 15 1.46 [1.10, 2.65] 1.24 [0.82, 2.66] 1.30 [0.83, 2.54] 0.1
Bilateral 30 1.55 [1.00, 3.49] 1.59 [0.89, 3.37] 1.39 [0.90, 3.41] 0.08

TCE-MEP (µV) SM 30 798 [430, 1275] 742 [334, 996]* 625 [348,  999]†,‡ < 0.001
APB 30 1486 [385, 3608] 1275 [285, 2207]* 1039 [185,  1914]†,‡ < 0.001
QF 30 1112 [547, 2328] 1023 [433, 2026]* 775 [477,  1879]†,‡ < 0.001
TA 30 1839 [1345, 3550] 1734 [1290, 3097]* 1680 [841,  2676]†,‡ < 0.001
AH 30 1171 [757, 1830] 872 [624, 1476]* 802 [469,  1148]†,‡ < 0.001
HAM 29 332 [187, 525] 316 [178, 416]* 252 [119,  367]†,‡ < 0.001
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present study, the used stimulus intensity was higher than 
that in previous studies; we set the intensity to a value, at 
which the amplitude of the H-reflex reached the maximum 
because we aimed to investigate propofol effects on motor 
pathways under supramaximal stimulation conditions similar 
to those used for TCE-MEP measurements. Using a stimulus 
intensity similar to ours, Kerz et al. reported that no suppres-
sion of the H-reflex amplitude was observed up to propofol 
concentrations of 6.0 μg/mL and that a significant suppres-
sion was observed at 9.0 μg/mL [22], which supported the 
results of our study. Hence, considering that TCE-MEP 
was recorded at supramaximal intensity, especially, under 
the condition that the maximum number of the motor neu-
rons was excited, it would be suggested that propofol could 
inhibit supraspinal neurotransmission more strongly than the 
spinal motor neurons.

In the present study, the TCE-MEP amplitudes were 
reduced by propofol whereas those of the H-reflex were not 
significantly affected. It has been known that various anes-
thetic agents, including propofol, suppress the amplitudes of 
TCE-MEPs [6–12]. As the inhibition of excitatory synaptic 
transmission is considered to be the mechanism of this sup-
pression, it is assumed that anesthetic agents can suppress 
polysynaptic neurotransmission more strongly than mono-
synaptic neurotransmission. In humans, it is thought that 
the most nerve fibers of the upper motor neurons terminate 
directly on the spinal motor neurons. However, it has been 
shown that a part of the pyramidal tract can include a poly-
synaptic pathway and that some nerve fibers of the pyrami-
dal tract terminate on the spinal interneurons [25–30]. These 
findings suggested that impulses generated by transcranial 
electrical stimulation can descend the pyramidal tract via 
the monosynaptic and polysynaptic pathways, each of which 
promoting temporal facilitation at the spinal motor neurons 
[31]. In contrast, the H-reflex and F-wave only involve mon-
osynaptic and no synaptic transmissions, respectively; thus, 
these amplitudes were assumed not to be influenced signifi-
cantly by an increase in propofol dosage compared to those 
of TCE-MEPs. Taken together, we suggest that propofol sup-
presses TCE-MEPs by inhibiting excitatory neurotransmis-
sion, especially, in the supraspinal motor pathways, rather 
than by direct suppression of the motor neurons themselves.

Clinical implications

To date, there are no reports evaluating the effects of propo-
fol on the amplitudes of TCE-MEPs combined with the 
evoked electromyograms, H-reflexes, and F-waves. In the 
present study, TCE-MEPs were more susceptible to propo-
fol than evoked electromyograms within clinically relevant 
propofol doses [3, 32]. When these evoked electromyograms 
are monitored together with TCE-MEPs, we can exclude 
the increase in propofol from the causes of reduction in 

TCE-MEP amplitude, thereby avoiding false-positives. In 
addition, as these evoked electromyograms reflect the condi-
tions of local circuits connecting the peripheral nerves and 
the spinal motor neurons, we can obtain more information to 
detect peripheral nerve injury using the H-reflex and F-wave 
combined with TCE-MEP monitoring, thus, avoiding false-
negatives [33]. Further studies are needed to evaluate the 
significance of evoked electromyograms in intraoperative 
neurophysiological monitoring.

Limitations

This study had several limitations. First, it was a small, sin-
gle-arm, before-after trial. However, as the amplitudes of 
TCE-MEPs or evoked electromyograms vary greatly among 
individuals, the absolute values of these amplitudes can-
not be simply compared. To solve this problem, we set the 
2.0 μg/mL group as the control group. Therefore, our results 
seem to be as valuable as those of a randomized controlled 
trial. Second, we did not measure the H-reflex before general 
anesthesia. Thus, we could not obtain a true positive control 
of the H-reflex. However, the present study aimed to eluci-
date the mechanisms of TCE-MEP amplitude reduction by 
increased propofol administration, and it was impossible to 
measure TCE-MEPs without general anesthesia. Therefore, a 
recording of the H-reflex without providing general anesthe-
sia was not necessary in this study. Third, most of the study 
participants were female, possibly because most patients 
who had undergone spine surgery without any neurologi-
cal symptoms, which was an inclusion criterion, presented 
with adult scoliosis, which is common in women. However, 
the results would not be changed by including more male 
participants because it has not been shown that amplitudes 
of evoked potentials are affected by sex differences. Fourth, 
we did not measure the plasma concentration of propofol. 
Therefore, the actual propofol concentration may have dif-
fered from the simulated value. However, the interindividual 
variation in absolute blood concentrations did not matter; it 
was more important finding that the propofol concentration 
in the blood increased according to the increment of the 
target concentration because this study aimed to investigate 
the dose-dependent suppression of TCE-MEP, H-reflex, and 
F-wave amplitudes by propofol. Actually, the result that the 
BIS values decreased with increasing propofol dose would 
support the assumption that the effect-site concentration 
increased appropriately. Besides, we recorded these ampli-
tudes after the simulated effect-site concentrations of propo-
fol were stabilized. Therefore, we think that TCI of propofol 
can sufficiently achieve this purpose. Fifth, we could not 
elucidate detailed mechanisms of propofol on motor path-
way. Further studies, including animal studies, should be 
conducted to elucidate the mechanisms. Although we do not 
think that clinical studies can elucidate all the mechanisms, 
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the results of the animal study cannot always be applied 
to humans.Therefore, our results suggest that propofol may 
act on supraspinal motor pathways more strongly than on 
the spinal cord neurons. Sixth, there were many excluded 
patients, which might have led to selection bias. Especially, 
we included patients who were scheduled for TCE-MEP 
measurements because of ethical reasons. In addition, it 
was necessary to exclude the cases of preoperative periph-
eral nerve dysfunction to evaluate the evoked electromyo-
grams correctly. Therefore, the number of excluded patients 
became large, as patients who underwent spine surgery 
tended to have some neurological symptoms. However, as 
the participants presented adult spinal deformity or scoliosis 
without symptoms, we hypothesized that the evoked myo-
grams could be measured as correctly as those of a previous 
study including healthy participants.

In conclusion, clinically relevant concentrations of propo-
fol did not significantly affect the amplitudes of the H-reflex 
and the F-wave whereas TCE-MEP amplitudes were reduced 
by increased propofol doses. These results suggested that 
propofol suppressed the TCE-MEP amplitude by inhibiting 
supraspinal motor pathways rather than the excitability of 
the spinal motor neurons.
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