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A Bolus Dose of Ketamine Reduces the Amplitude of the
Transcranial Electrical Motor-evoked Potential: A

Randomized, Double-blinded, Placebo-controlled Study
Kenta Furutani, MD, PhD, Hiroyuki Deguchi, MD, Mari Matsuhashi, MD, Yusuke Mitsuma, MD,

Yoshinori Kamiya, MD, PhD, and Hiroshi Baba, MD, PhD

Background: A low-dose bolus or infusion of ketamine does not affect
transcranial electrical motor-evoked potential (MEP) amplitude, but a
dose ≥1mg/kg may reduce MEP amplitude. We conducted a
randomized, double-blinded, placebo-controlled study to evaluate the
effect of ketamine (1mg/kg) on transcranial electrical MEP.

Methods: Twenty female patients (aged 12 to 18 y) with adolescent
idiopathic scoliosis scheduled to undergo posterior spinal fusion
were randomly allocated to receive ketamine or saline. General
anesthesia was induced and maintained with continuous infusions
of propofol and remifentanil. MEP was elicited by supramaximal
transcranial electrical stimulation. MEP recordings were obtained
at baseline and then at 2, 4, 6, 8, and 10 minutes after admin-
istration of ketamine (1mg/kg) or saline (0.1ml/kg). The primary
endpoint was the minimum relative MEP amplitude (peak-to-peak
amplitude, % of baseline value) recorded from the left tibialis an-
terior muscle. The baseline amplitude recorded before test drug
administration was defined as 100%.

Results: Medians (interquartile range) minimum MEP ampli-
tudes in the left tibialis anterior muscle in the ketamine and saline
groups were 26% (9% to 34%) and 87% (55% to 103%) of the
baseline value, respectively (P< 0.001). MEP amplitudes in other
muscles were significantly reduced by ketamine. The suppressive
effect of ketamine lasted for at least 10 minutes in each muscle.

Conclusion: A 1-mg/kg bolus dose of ketamine can reduce MEP
amplitude. Anesthesiologists should consider the dosage and
timing of intravenous ketamine administration during MEP
monitoring.

Key Words: evoked potentials, ketamine, scoliosis, spine surgery,
transcranial electrical stimulation

(J Neurosurg Anesthesiol 2019;00:000–000)

Ketamine administration results in dose-dependent an-
algesia and unconsciousness. An analgesic dose of

ketamine, such as a 0.5 mg/kg bolus followed by con-
tinuous infusion at 0.12 mg/kg/h combined with opioids, is
able to attenuate postoperative pain after complex spine
surgery,1 one of the most painful operative procedures.2

Thus, ketamine is considered a useful agent for improve-
ment of the quality of postoperative analgesia in complex
spine surgery.

Various anesthetic drugs, including volatile
anesthetics,3–5 propofol,6–8 etomidate,9,10 and midazolam10

attenuate the amplitude of transcranial electrical motor-
evoked potential (MEP). In contrast to other anesthetic
agents, ketamine administered as a 0.5mg/kg bolus during
either propofol/remifentanil or N2O/sufentanil anesthesia
has not been found to have a significant influence on MEP
amplitude evoked by transcranial electrical stimulation in
previous studies.9,11 Hence, it is widely believed that ketamine
does not affect the amplitude of MEPs.

However, a recent case report suggested that a bolus
dose of ketamine (1.25mg/kg) administered in an adolescent
patient with idiopathic scoliosis significantly reduced MEP
amplitude.12 Although a previous study concluded that
ketamine (1mg/kg) did not affect mean MEP amplitude,
MEP was evoked by transcranial magnetic stimulation.13

Moreover, in this study MEP amplitudes were reduced in 2
of the 5 study participants and increased in the remaining 3.
Evaluation of the effect of ketamine on MEP has thus been
confined to non-randomized studies with small sample sizes
and without placebo controls. Moreover, ketamine is
known to inhibit N-methyl-D-aspartate receptor–mediated
glutamatergic excitatory neurotransmission,14 and can
therefore theoretically reduce the amplitude of transcranial
electrical MEP elicited by the summation of excitation of
spinal ventral horn neurons.

On the basis of these observations, we hypothesized
that a 1 mg/kg bolus dose of ketamine would reduce the
amplitude of transcranial electrical MEP. To test our
hypothesis, we performed a randomized, double-blinded,
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placebo-controlled trial in female patients with adolescent
idiopathic scoliosis who underwent posterior spinal fusion.

METHODS
The study was conducted at Niigata University

Medical and Dental Hospital (Niigata, Japan) following
local Ethics Committee approval (Niigata University; Ref
No. 2529, approved on May 16, 2016) and registration in
the UMIN-Clinical Trial Registry (registration number:
UMIN000022349, registered on May 20, 2016).

Participants
We enrolled female patients aged 12 to 18 years with no

neurological symptoms who were scheduled to undergo
elective posterior spinal fusion for adolescent idiopathic sco-
liosis between July 2016 and Nov 2017. Written consent was
obtained from both patients and their guardians. Cases with
intraspinal malformations including syringomyelia, split cord,
and tethered cord were excluded based on magnetic reso-
nance imaging findings before surgery. Other exclusion cri-
teria were: male sex; below 12 or above 18 years of age;
symptomatic or congenital scoliosis (disease background
different to that of idiopathic scoliosis, particularly from a
genetic perspective); anticipated difficult airways; preexisting
epilepsy (due to the potential risk of seizures by transcranial
electrical stimulation); increased intracranial pressure; emer-
gency surgery, and; allergy or other contraindications to any
of the drugs used in the study, including ketamine, propofol,
remifentanil, rocuronium, and sugammadex.

Randomization
A research assistant randomly allocated 20 consec-

utive patients to receive ketamine or saline using a
computer-generated simple randomization method (research
randomizer; www.randomizer.org/). The allocations were
concealed in sealed, prenumbered, opaque envelopes pre-
pared by the research assistant. The envelopes were stored in
a locked box in the hospital pharmacy and a syringe filled
with either ketamine (Ketalar, 200mg/20mL; Daiichi-
Sankyo, Tokyo, Japan) or 20mL 0.9% saline was provided
by the research pharmacist for each participant provided
according to the allocation. Patients, anesthesiologists,
surgeons, nurses, neurophysiologists, and all clinical staff
except the research pharmacist were blinded to group
allocation throughout the study.

Anesthetic Management
After securing an intravenous line in the forearm,

general anesthesia was induced with propofol using a
target-controlled infusion (TCI) pump (TE-371; Terumo,
Tokyo, Japan). Propofol TCI was initiated at 3 µg/mL
with a continuous infusion of remifentanil (0.1 µg/kg/min).
Once the patient stopped responding to verbal stim-
ulation, the estimated effect-site concentration (Ce) dis-
played on the screen of the TCI pump was recorded by the
attending anesthesiologist as the Ce at the point of loss of
consciousness (CeLOC). Following this, the infusion rates
of both agents were increased to TCI propofol (4 to 5 µg/
mL) and remifentanil (0.2 to 0.5 µg/kg/min). Rocuronium

bromide (0.6 mg/kg) was administered with neuro-
muscular blockade monitoring (TOF Watch SX; Nihon
Kohden, Tokyo, Japan) to facilitate tracheal intubation.
After confirming the loss of T1 on train-of-four stim-
ulation, the patient was intubated using a reinforced en-
dotracheal tube. General anesthesia was maintained with
propofol (TCI concentration: CeLOC +1 to 1.5 µg/mL) and
a continuous infusion of remifentanil (0.2 µg/kg/min) to
maintain bispectral index (BIS) between 40 and 60. Su-
gammadex (2 to 4 mg/kg) was administered for reversal of
neuromuscular blockade to confirm a train-of-four ratio
of > 90% before MEP recording.

During the study, 4mg of ephedrine was administered
intravenously if systolic blood pressure fell <80mmHg. The
lungs were ventilated to maintain end-tidal carbon dioxide
levels of ∼35mmHg, and the fraction of inspired oxygen
was maintained at 0.4 using a mixture of air and oxygen.
Bladder temperature was maintained > 35°C.

Neurophysiological Monitoring
MEP and somatosensory-evoked potentials (SSEP)

were recorded using an intraoperative neurophysiological
monitoring system (Neuromaster MEE-1232; Nihon
Kohden) and evaluated by a neurophysiologist (K.F. or
H.D.) during the procedure.

For transcranial electrical stimulation, a pair of
corkscrew electrodes (SN-100-1500AD; Unique Medical,
Tokyo, Japan) were inserted into the scalp 2 cm anterior
to C3 (cathode) and C4 (anode) (international 10-20 sys-
tem). Transcranial electrical MEP was elicited by a train
of 5 pulses with an interstimulus interval of 2 ms using a
constant-voltage stimulator (SEN-4100; Nihon Kohden).
The stimulus intensity was commenced at 300 V and in-
cremented by 50 V until no further increase in MEP am-
plitude was observed in the left tibialis anterior (TA)
muscle (supramaximal stimulation). The MEP was re-
corded from the skin using adhesive gel Ag-AgCl elec-
trodes (NM314YL; Nihon Kohden) placed over the
muscle belly and the muscle-tendon using bandpass fil-
tration (10 to 3000 Hz). Targeted muscles included the
bilateral TA, abductor pollicis brevis (APB), biceps bra-
chii (BB), quadriceps femoris (QF), flexor hallucis brevis
(FHB), and the gastrocnemius (GC).

MEP peak-to-peak amplitudes and onset latencies
recorded before administration of the test drug (ketamine
or saline) were defined as “baseline” values. The relative
amplitude and latency changes of MEP in each muscle
group were calculated as follows: relative value (%)= ab-
solute value×100/baseline value. We excluded data if the
“baseline” MEP amplitude was <50 µV. A retrospective
analysis of our intraoperative neurophysiological mon-
itoring records confirmed amplitudes as small as 10 µV
could be measured. As we expected the relative MEP
amplitude of MEP to be decreased to 27% of baseline after
a bolus administration of ketamine, the chosen threshold
of 50 µV would allow us to detect amplitude reduction
after ketamine.

SSEPs were recorded using subdermal needle elec-
trodes (NE-224S; Nihon Kohden) placed at Cz’ (2 cm
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posterior to Cz) and referenced to A1 or A2 (international
10-20 system) and bandpass filtration 10 to 1500 Hz.15,16

SSEP was elicited by posterior tibial nerve stimulation on
the ankle through adhesive gel Ag-AgCl electrodes, aver-
aging the signals generated by 200 stimuli. Stimulation
was carried out at a frequency of 3 Hz using 500 µs pulses
at a current intensity of 30 mA. Both lower extremities
were alternately stimulated. We measured the amplitude
of P38-N46 and the latency of P38.

Study Protocol
All measurements were obtained with the patient in

the prone position, and all data were collected before the
surgical incision was made. Following the baseline values
of MEP and SSEP measurements, ketamine 1 mg/kg (0.1
mL/kg, ketamine group) or normal saline 0.1 mL/kg (sal-
ine group) was administered by the attending anesthesi-
ologist according to the group allocation. MEP was then
recorded at 2, 4, 6, 8, and 10 minutes after administration
of the test drug. After all MEP recordings were completed,
SSEP was recorded again from each lower extremity.

Study Endpoints
The primary endpoint of the study was the minimum

relative MEP amplitude (peak-to-peak amplitude, % of
baseline value) recorded in the left TA. We selected TA
based on a retrospective analysis of patients who had
received ketamine and undergone MEP measurements at
our institution. This confirmed that MEPs recorded in TA
were performed in all patients. The left TA muscle was
particularly selected because of the stimulation method.
Transcranial electrical MEPs were elicited using a constant-
voltage stimulator, with corkscrew electrodes inserted into
C3 (cathode) and C4 (anode) and, under these circum-
stances, stimulation of the right motor pathway tends to be
stronger than that of the left one. Although bilateral MEPs
can be obtained using supramaximal stimulation, in theory,
left-sided MEPs have a larger amplitude in the measured
muscles. To maximize the reliability and to reduce dropout,
we, therefore, chose the left TA for primary endpoint
measurements.

Secondary endpoints included the minimum relative
amplitudes of MEP (% of baseline value) recorded from
other muscles, relative onset and peak latencies of MEP
(% of baseline value), the relative amplitude of P38-N46
(% of baseline value), and relative latency of P38 (% of
baseline value). The relative amplitudes and latencies of
MEP were compared between groups. Furthermore,
baseline amplitudes and latencies of SSEP were compared
with the values recorded after the administration of the
test drug.

Statistical Analysis
The sample size was calculated using G-power

3.1 software (Heinrich Heine, University of Düsseldorf,
Düsseldorf, Germany), and based on a retrospective anal-
ysis of patients who had received ketamine and undergone
MEP measurements at our institution. That analysis re-
vealed that the mean (SD) relative amplitude of MEP after a

bolus administration of ketamine was decreased to 27%
(±19%) of the baseline value. With a statistical power of 0.9
and a type 1 error rate of 0.05, we calculated that 9 patients
per group was the smallest sample size required to demon-
strate a difference. Allowing for possible dropouts, we
aimed to enroll 10 patients per group.

The amplitude and latency of MEP and SSEP were
analyzed using the Mann-Whitney U test. The Student t
test was used to analyze hemodynamic parameters and
BIS values. A P-value <0.05 was considered statistically
significant. All statistical analyses were performed using
GraphPad Prism 6.0 (GraphPad Software, San Diego,
CA) software. Amplitudes and latencies of both MEP and
SSEP are expressed as median (interquartile range). He-
modynamic parameters and BIS values are expressed as
mean ( ± SD).

RESULTS
Thirty-two patients were assessed for eligibility; 12

were excluded due to age above 18 years (n= 3), male sex
(n= 3), congenital scoliosis (n= 1), symptomatic scoliosis
(n= 2), anterior spinal fusion (n= 1), and refusal to par-
ticipate (n= 2). Twenty consecutive patients were thus
randomized, and all received the allocated intervention.
No patients were excluded during the study period, and all
20 were included in the final analysis (Fig. 1). The baseline
characteristics were comparable between the 2 groups
(Table 1).

The measured baseline MEP amplitude in the left
TA was 421 (194 to 1023) µV. The minimum relative MEP
amplitude in the left TA was 26% (9% to 34%) of the
baseline value in the ketamine group and 87% (55% to
103%) of baseline value in the saline group (P< 0.001)
(Figs. 2A, B, Table 2A). The relative MEP amplitudes in
the other muscles were also reduced in the ketamine group
(Table 2A). The relative amplitude of MEP was decreased
by 9% to 44% of the baseline value in each muscle
following administration of ketamine (1 mg/kg). The
overall minimum relative MEP amplitudes (% of
baseline value) recorded from the upper and lower limbs
were smaller in the ketamine than in the saline group
(Table 2B). Ketamine suppressed the upper limb relative
MEP amplitude more strongly than lower limb relative
MEP amplitude (14% [9% to 23%] of baseline value and
24% [13% to 40%] of the baseline value, respectively;
P= 0.0039). The time course of the median relative MEP
amplitude in each muscle after ketamine or saline
administration is shown in Figure 3. The suppressive
effect of ketamine on relative MEP amplitude lasted for at
least 10 minutes.

The measured baseline onset latency of the MEP in the
left TA was 25.6ms (24.4 to 27.4ms). The relative onset la-
tencies of MEP (% of baseline) recorded from the bilateral
APB, QF, TA, GC, and FHB muscles were also increased in
the ketamine group compared with those in the saline group.
The relative onset latencies of MEP recorded from both BB
muscles were not significantly different between groups (Sup-
plemental Digital Content 1, http://links.lww.com/JNA/A213).
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Moreover, the relative peak latencies (% of baseline value) of
MEP recorded from each muscle showed no intergroup dif-
ferences (Supplemental Digital Content 2, http://links.lww.
com/JNA/A214).

The relative SSEP amplitudes (% of baseline value)
recorded from bilateral lower extremities after admin-
istration of the test drug showed no differences between
groups (Table 3A; Supplemental Digital Content 3, http://
links.lww.com/JNA/A215). The relative P38 latencies of
SSEP showed no significant increase after ketamine or
saline administration (Table 3B).

There was no significant difference in systolic or dia-
stolic blood pressure after the administration of ketamine or
saline. Heart rate (61±6 vs. 66±7 beats/min; P= 0.004) and

BIS values (45±8 vs. 56±10; P=0.002) increased after
administration of ketamine but did not change after saline
administration. There was no significant difference in
ephedrine dose administered between the 2 groups (2.4±2.8
vs. 0.8±1.4mg in ketamine group and saline groups, re-
spectively; P= 0.13).

DISCUSSION
An analgesic dose of ketamine in combination with

opioids is known to attenuate postoperative pain after
adolescent idiopathic scoliosis surgery.1 It is widely be-
lieved that ketamine does not affect the amplitude of
MEP.9,11,13 Therefore, ketamine has been considered a
useful agent for the evaluation of MEP during complex
spine surgery and to improve the quality of postoperative
analgesia. However, our study suggests that a 1mg/kg
bolus of ketamine reduces the amplitude of transcranial
electrical MEP.

In our institution, anesthesiologists use ketamine
(bolus dose of 0.5 to 1 mg/kg followed by a continuous
infusion, and subsequently patient-controlled analgesia
with fentanyl) for intraoperative and postoperative an-
algesia during complex spine surgeries, which may cause
severe pain.11 In a recent meta-analysis, it was reported
that an analgesic dose of ketamine (intravenous bolus <1
mg/kg or continuous infusion <1.2 mg/kg/h) could reduce
cumulative morphine consumption17,18 and the incidence
of postoperative nausea and vomiting.18 Furthermore,
intraoperative and postoperative administration of low
dose) ketamine (0.5 mg/kg bolus followed by continuous
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TABLE 1. Patient Characteristics and Perioperative Data of the
Study Patients

Ketamine Saline P

Age (y) 15.2± 1.5 14.7± 1.3 0.43
Height (cm) 155± 7 158± 4 0.30
Weight (kg) 46± 6.8 46± 7.0 0.92
Body mass index (kg/m2) 19.0± 2.0 18.4± 2.4 0.61
ASA-PS; 1/2 0/10 0/10 1
No. corrected vertebrae 6 (5-13) 12 (5-12) 0.09
Operation time (min) 215± 55 246± 44 0.17
Anesthesia time (min) 325± 63 357± 40 0.20
Propofol concentration (µg/mL) 3.1 ± 0.4 2.9 ± 0.4 0.23
Stimulus intensity (V) 417± 45 422± 25 0.76

Data are represented as n, mean± SD, or median (interquartile range).
ASA-PS indicates American Society of Anesthesiologists Physical Status.

FIGURE 1. CONSORT flow diagram.
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FIGURE 2. Effect of ketamine on transcranial electrical MEP. A, Representative trace of MEP. The peak-to-peak amplitude, onset
latency, and peak latency were measured. B, Representative traces of MEP recorded from upper and lower limb muscle groups over
10 minutes. The amplitudes of MEPs were reduced after the administration of ketamine. The suppressive effect of ketamine lasted
at least 10 minutes. The amplitude returned to the baseline value by 30 to 60 minutes after ketamine administration. APB indicates
abductor pollicis brevis; BB, biceps brachii; FHB, flexor hallucis brevis; GC, gastrocnemius; MEP, motor-evoked potential; QF,
quadriceps femoris; TA, tibialis anterior.
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infusion at 0.12 mg/kg/h reduced cumulative morphine
consumption during posterior spinal fusion for adolescent
idiopathic scoliosis.1 Thus, low-dose ketamine may im-
prove the quality of postoperative analgesia; in a recent
guideline,19 the optimal analgesic dose of ketamine was

considered to be a bolus of <0.35 mg/kg followed by
continuous infusion at <1 mg/kg/h. For stable MEP re-
cording and improvement in the quality of postoperative
pain management after complex spine surgeries, we rec-
ommend a bolus ketamine dose of <0.5 mg/kg followed by
continuous infusion.

Previous studies suggested that a low-dose bolus
(0.5 mg/kg) with or without infusion (0.24 mg/kg/h) of
ketamine does not suppress the amplitude of MEP.9,11

However, the present study and a recent case report12

confirm that bolus administration of ketamine (1 to 1.25
mg/kg) can reduce MEP amplitudes. Bolus administration
of ketamine (4 mg/kg) has also been found to decrease the
amplitude of MEP in a rabbit model.7 In addition, a
continuous infusion of S(+)-ketamine (6 to 12 mg/kg/h)
decreased the amplitude of MEP in a dose-dependent
manner without affecting the spinal cord–evoked poten-
tials in a rabbit model.20 These preclinical studies suggest
that the intravenous administration of ketamine may in-
hibit the activity of spinal motoneurons. Ketamine inhibits
N-methyl-D-aspartate and other excitatory receptors in-
cluding nicotinic acetylcholine and 5-hydroxytryptamine
receptors;14,21,22 hence it can attenuate the amplitude
of both MEP and SSEP by inhibiting excitatory synaptic
neurotransmission in motor and sensory neurons.
Kalkman et al13 concluded that ketamine (1 mg/kg) did
not affect the amplitude of transcranial magnetic MEP in
humans. However, their study included only 5 participants
and MEP amplitudes increased in 3 and decreased in the
remaining 2 making it difficult to draw definite con-
clusions. Furthermore, transcranial magnetic stimulation
in this study was unstable due to difficulty in the place-
ment of stimulators on the scalp and recording under the
influence of general anesthesia. Therefore, transcranial
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FIGURE 3. Time course of the relative MEP amplitude. Median relative MEP amplitude in each muscle (baseline value, 100%). The
solid red lines represent the ketamine group, and the dashed blue lines of the saline group. APB indicates abductor pollicis brevis;
BB, biceps brachii; FHB, flexor hallucis brevis; GC, gastrocnemius; MEP, motor-evoked potential; QF, quadriceps femoris; TA, tibialis
anterior.

TABLE 2. ■ ■ ■AQ2 ■
Relative Amplitude of MEP

(%)

Muscle Ketamine Saline P

A: Relative amplitude of MEP recorded from each muscle
Left BB 20 (17-48) 65 (60-72) 0.001

APB 12 (7-22) 46 (39-57) 0.0005
QF 44 (14-55) 89 (69-99) 0.0001
TA 26 (9-34) 88 (55-103) 0.0003
FHB 21 (11-32) 61 (39-66) 0.0007
GC 37 (17-49) 77 (58-93) 0.001

Right BB 16 (11-30) 54 (51-84) 0.002
APB 9 (7-12) 60 (42-87) 0.0006
QF 26 (21-38) 73 (55-86) < 0.0001
TA 24 (17-35) 63 (56-74) 0.0001
FHB 20 (14-26) 69 (49-86) < 0.0001
GC 26 (15-41) 81 (60-88) < 0.0001

B: Comparison of MEP amplitudes recorded from overall upper and lower
limb muscles

Upper limb 14 (9-23) 56 (45-78) < 0.0001
Lower limb 24 (13-40) 72 (56-90) < 0.0001

Data are represented as median (interquartile range).
A: Amplitude of MEP recorded from each muscle are expressed as relative

values (baseline value, 100%).
B: Comparison of the relative amplitude of MEP recorded from upper and

lower limb muscles.
P-values were calculated using the Mann-Whitney U test.
APB indicates abductor pollicis brevis; BB, biceps brachii; FHB, flexor hallucis

brevis; GC, gastrocnemius; MEP, motor-evoked potential; QF, quadriceps femoris;
TA, tibialis anterior.
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magnetic stimulation has not been widely used for intra-
operative neurophysiological monitoring. In the present
study, MEP was elicited by transcranial electrical stim-
ulation, which is the standard method of stimulation
currently employed for intraoperative MEP monitoring.
Therefore, our findings offer a new perspective on the ef-
fect of ketamine on transcranial electrical MEP, that is,
that a bolus dose of ketamine (1 mg/kg) reduces the rela-
tive amplitude and increases the relative onset latency of
transcranial electrical MEP compared with saline in fe-
male patients with adolescent idiopathic scoliosis.

In the present study, the administration of a 1 mg/kg
bolus of ketamine reduced the amplitude of transcranial
electrical MEP to 9% to 44% of baseline amplitude. On
the basis of a previous prospective multicenter study,23 a
decrease of 70% or a decrease to 30% of baseline ampli-
tude is considered the “alert” in our institution. Our
findings suggest that ketamine (1 mg/kg) may reduce the
amplitude of MEP within that alert. However, there is no
consensus on the alert which is varyingly reported to range
from 10% to 50% of baseline amplitude; in other words, a
reduction of 50% to 90%.23–28 Some institutions even use
all-or-none criteria.29 If ketamine is administered during a
crucial surgical manipulation, MEP monitoring may show
false-positive results, and this may lead to unnecessary
interventions. Therefore, we recommend that anesthesi-
ologists should consider the timing of ketamine admin-
istration during complex spine surgery.

The primary endpoint in our study was the mini-
mum relative amplitude of MEP, expressed as % of the
baseline value, in both the groups. We selected the mini-
mum relative amplitude because MEP varied to some
extent, even if elicited by supramaximal stimulation. In-
deed, in the present study, even the relative amplitude of
MEP after administration of saline ranged from 34% to
132% of baseline. This variability clarifies the need to re-
peat the MEP if abnormal, thereby confirming that a
clinically meaningful change has occurred. During intra-
operative monitoring, a neurophysiologist makes clinical
decisions when the minimum MEP amplitude falls below
the alert. In addition, relative MEP amplitudes are gen-
erally used for clinical decision-making during intra-
operative neurophysiological monitoring because absolute

MEP amplitudes differ between individuals, for example,
from <50 to > 5000 µV. As a result, comparison of ab-
solute amplitudes between the ketamine and saline groups
in our study was difficult. With a cross-over design, we
could have ignored the individual difference but we choose
not to use a cross-over design because the delay between
anesthesia induction and start of surgery would have been
unacceptable. Furthermore, we would not have been able
to ensure an adequate washout period for cases where the
first test drug administered was ketamine. Therefore, we
considered a comparison of minimum relative amplitudes
between groups to be the most clinically relevant.

Ketamine (1 mg/kg) increased the onset latency of
MEP, although prolongation of the latency of MEP is not
used as a diagnostic criterion in intraoperative monitoring.
In previous studies, ketamine decreased conduction ve-
locities by inhibiting sodium currents in guinea pigs,30 and
increased the latency of spinal cord–evoked potential in
dogs.31 There are no clinical studies investigating the effect
of ketamine on the MEP latency, so it remains unclear
whether ketamine blocks nerve conduction in humans. If
ketamine blocked nerve conduction, peak latencies of
MEP should increase as well as onset latencies; we did not
observe an increase in peak latency in the present study.
Therefore, considering that peak latencies of MEP were
similar between the ketamine and saline groups, we believe
that the increased onset latency of MEP reflects a decrease
in the number of activated motor units.

A relatively high dose of ketamine (≥ 1 mg/kg) is
used for anesthesia induction. Our results suggested that
the suppressive effect of ketamine on the MEP amplitude
probably remains for at least 10 minutes. We do not have
any objective data beyond 10 minutes after the admin-
istration of ketamine. However, we believe that MEP
amplitude returned to the approximate baseline value by
30 to 60 minutes after administration; the suppressive ef-
fect of ketamine had almost disappeared before the ini-
tiation of pedicle screw insertion. Neurophysiologists
should pay attention to these effects when ketamine is used
for anesthesia induction.

On the basis of our findings, it is difficult to conclude
that MEP amplitude reduces after a 1 mg/kg bolus of
ketamine regardless of sex, age, or surgical procedure.
However, we believe that these factors do not likely in-
fluence the effect of ketamine. Indeed, from our clinical
experience, we believe that ketamine (1 mg/kg) has the
potential to reduce MEP amplitude to some extent in all
patients. A further clinical study is necessary to clarify our
findings.

Our study has some limitations. First, we included
only female patients because the prevalence of severe
scoliosis is much higher among female patients.32 Al-
though we could not elucidate the effects of ketamine in
males, there is no sex-related variability in its effects.
Second, the Marsh model adopted for TCI propofol re-
lates to patients above 16 years, and adolescents may have
a different pharmacokinetic model compared with that of
adults. However, there are interindividual differences in
the pharmacokinetics of propofol even in adolescents.
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TABLE 3. Relative Amplitude and Latency of
Somatosensory-Evoked Potential (SSEP)

Ketamine Saline P

A: Relative Amplitude of SSEP (P38-N46, %)
Left 78 (64-96) 98 (54-118) 0.32
Right 74 (61-86) 114 (70-140) 0.19

B: Relative latency of SSEP (P38, %)
Left 101 (100-103) 101 (100-102) 0.67
Right 102 (101-103) 101 (100-102) 0.17

Data are represented as median (interquartile range).
SSEP was elicited by posterior tibial nerve stimulation and recorded from the

scalp (Cz’—A1 or A2). (A) The relative amplitude of P38-N46 and (B) relative
latency of P38 before and after administration of the test drug.

P-values were calculated using the Mann-Whitney U test.
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Hence, propofol infusion should be titrated to BIS re-
gardless of age. In this study, we controlled the infusion
rate of propofol according to CeLOC to maintain BIS
values between 40 and 60. Accordingly, even if the phar-
macokinetic model of propofol may have been different
from the Marsh model in our subjects, we were able to
maintain a stable anesthesia level and do not believe that
any pharmacokinetic differences between adolescents and
adults affected our results. Third, we did not use volatile
anesthetics in our study so our findings do not apply to
general anesthesia maintained with volatile agents.
Fourth, the change in the BIS value following ketamine
administration may have alerted the attending anesthesi-
ologist and confounded our blinding; BIS exceeded 60 in
some cases in the ketamine group and remained un-
changed in the saline group. However, even if the at-
tending anesthesiologist noticed that the test drug could be
ketamine it is unlikely that the outcomes were affected
because the results of the neurophysiological monitoring
were evaluated by a blinded investigator. Fifth, weAQ3 do not
have any data beyond 10 minutes after ketamine admin-
istration so cannot exclude the influence of surgical ma-
nipulations or other anesthetics such as fentanyl or
tranexamic acid 30 to 60 minutes after administration of
ketamine. Finally, we do not have time course data of
SSEP, only those recordings obtained 10 minutes after the
administration of ketamine.

In conclusion, our findings suggest that a 1 mg/kg
bolus dose of ketamine reduces the amplitude and in-
creases the latency of transcranial electrical MEP. Anes-
thesiologists should take into account the timing of
ketamine administration during MEP monitoring.
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