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Low-dose Droperidol Reduces the Amplitude
of Transcranial Electrical Motor-evoked Potential: A
Randomized, Double-blind, Placebo-controlled Trial

Yusuke Mitsuma, MD,* Kenta Furutani, MD, PhD,* Hiroyuki Deguchi, MD,*
Yoshinori Kamiya, MD, PhD,* Takahiro Tanaka, PhD,† Nobutaka Kitamura, DDS, PhD,†

and Hiroshi Baba, MD, PhD*

Background: Low-dose droperidol has been reported to suppress
the amplitude of transcranial electrical motor-evoked potentials
(TCE-MEPs), but no randomized controlled trials have been
conducted to assess this. This randomized, double-blinded, pla-
cebo-controlled trial aimed to test the hypothesis that low-dose
droperidol reduced TCE-MEP amplitudes.

Methods: Twenty female patients with adolescent idiopathic
scoliosis, aged between 12 and 20 years, and scheduled to un-
dergo corrective surgery were randomly allocated to receive
droperidol (20 µg/kg) or 0.9% saline. After recording baseline
TCE-MEPs, the test drug was administered, following which
TCE-MEP recordings were carried out every 2 minutes for up to
10 minutes. The primary outcome was the minimum relative
TCE-MEP amplitude (peak-to-peak amplitude, percentage of
baseline value) recorded in the left tibialis anterior muscle. Sec-
ondary outcomes included minimum relative MEP amplitudes
recorded from all other muscle groups monitored in the study.
Data are expressed as medians (interquartile range).

Results: The TCE-MEP amplitude of the left tibialis anterior
muscle was significantly reduced following droperidol admin-
istration compared with saline (37% [30% to 55%] vs. 76% [58%
to 93%], respectively, P< 0.01). In the other muscles, the am-
plitudes were reduced in the droperidol group, except for the
bilateral abductor pollicis brevis and the left quadriceps femoris
muscles. The relative amplitude of the bilateral F waves recorded
from the gastrocnemius was decreased in the droperidol group.

Conclusions: Low-dose droperidol (20 µg/kg) reduced TCE-MEP
amplitudes. Anesthesiologists should pay attention to the timing
of droperidol administration during intraoperative TCE-MEP
recordings, even if used in a low dose.

Key Words: droperidol, motor-evoked potentials, neuro-
physiological monitoring, transcranial electrical stimulation

(J Neurosurg Anesthesiol 2021;00:000–000)

To enhance safety during complex spine surgery, intra-
operative neurophysiological monitoring usually includes

measurement of transcranial electrical motor-evoked poten-
tials (TCE-MEP).1 Various anesthetic agents reduce the am-
plitude of motor-evoked potentials (MEPs) and can cause
false positives.2–5 Relatively high-dose droperidol (70 µg/kg in
humans and 300 µg/kg in monkeys) has been reported to de-
crease the amplitude of transcranial magnetic MEPs,6,7 but
the effect of low-dose droperidol on TCE-MEP amplitudes
remains unclear.

Low-dose droperidol (15 to 20 µg/kg) significantly
reduces the incidence of postoperative nausea and vomiting
and is widely used as an antiemetic in the perioperative
period.8 However, even low-dose droperidol could affect
MEPs. A single case series reported that droperidol 1.0 to
1.25mg decreased the amplitude of TCE-MEPs,9 and our
recent retrospective study also found that low-dose dro-
peridol (20 µg/kg) reduces TCE-MEP amplitude.10 How-
ever, no randomized, controlled trials have been conducted
to an effect of droperidol on TCE-MEPs.

We hypothesized that low-dose droperidol (20 µg/kg)
would reduce the amplitude of TCE-MEPs. To test this
hypothesis, we performed a randomized, double-blinded,
placebo-controlled trial in female patients with adolescent
idiopathic scoliosis who underwent posterior spinal fusion.

METHODS
This single-center, randomized, double-blind, con-

trolled, parallel-group trial was conducted at Niigata
University Medical and Dental Hospital (Niigata, Japan)
following approval by the institutional Ethics Committee
(Ref. # 2018-0027) and registration in the UMIN Clinical
Trial Registry (UMIN000033068, registered on May 20,
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2018). After obtaining written informed consent from the
patients and their guardians, females aged 12 to 20 years
scheduled to undergo posterior spinal fusion for adoles-
cent idiopathic scoliosis between July 2018 and September
2019 were recruited into the study. The exclusion criteria
are listed in Supplemental Digital Content 1 (http://links.
lww.com/JNA/A411).

Randomization
Using a computer-generated random allocation se-

quence, patients were randomly assigned to receive either
droperidol or saline in a 1:1 ratio. The randomization al-
location sequence was concealed in sealed, prenumbered,
opaque envelopes prepared by the study statistician; the
envelopes were kept in a locked box in the hospital phar-
macy until required. The research pharmacist prepared
syringes containing droperidol 25mg/10mL (Droleptan,
Daiichi-Sankyo, Tokyo, Japan) or 0.9% saline (Otsuka
Normal Saline, Otsuka Pharmaceutical Factory, Naruto,
Japan) according to group allocation; the test drugs were
preprepared to a total volume of 10mL per syringe. Pa-
tients, anesthesiologists, nurses, neurophysiologists, and
other clinical staff except for the research pharmacist, were
blinded to group allocation throughout the study.

Anesthesia Protocol
General anesthesia was maintained with propofol

administered using a target-controlled infusion pump (TE-
371, Terumo, Tokyo, Japan), and continuous infusion of
remifentanil. For induction of anesthesia, the targeted
concentration of propofol was set to 3 µg/mL and re-
mifentanil was infused at 0.5 µg/kg/min. The targeted
plasma concentration of propofol was increased by 1 µg/
mL if the patient did not lose consciousness when the ef-
fect-site concentration (Ce) reached 2 µg/mL. The Ce at
the point when the patient stopped responding to verbal
stimulation was recorded as CeLOC. Rocuronium bro-
mide (0.6 mg/kg) was then administered to facilitate tra-
cheal intubation. Anesthesia was maintained with
propofol (CeLOC+1 to 1.5 µg/mL) and remifentanil in-
fusion (0.2 µg/kg/min) adjusted to maintain bispectral in-
dex between 40 and 60. Invasive blood pressure and
cardiac output were monitored with a FloTrac/EV1000
system (Edwards Life Science, Irvine, CA). Sugammadex
(2 to 4 mg/kg) was administered for reversal of neuro-
muscular blockade before MEP recording.

Neurophysiological Monitoring
TCE-MEPs were recorded using a Neuromaster

MEE-1232 intraoperative neurophysiological monitoring
system (Nihon Kohden, Tokyo, Japan). Transcranial
electrical stimulation was delivered via a pair of corkscrew
electrodes (SN-100-1500AD, Unique Medical, Tokyo,
Japan) inserted into the scalp at C3 (cathode) and C4
(anode) according to the international 10 to 20 system.
The TCE-MEP was elicited by a train of 5 pulses with an
interstimulus interval of 2 ms (low cut filter 10 Hz and high
cut filter 3 kHz), using a constant-voltage stimulator
(SEN-4100, Nihon Kohden). Stimulus intensity was

initiated at 300 V and increased in 50 V increments until
supramaximal stimulation was reached. TCE-MEPs were
recorded bilaterally using adhesive gel Ag-AgCl electrodes
(NM314YL, Nihon Kohden) placed on the skin over the
targeted muscle bellies and tendons: abductor pollicis
brevis (APB), tibialis anterior (TA), quadriceps femoris,
abductor hallucis, gastrocnemius, and hamstrings. Base-
line values of peak-to-peak TCE-MEP amplitude were
recorded before administration of either droperidol or
saline. From this, the relative amplitude of the TCE-MEP
in each muscle group after administration of the study
drug was calculated as: relative value (%)= absolute value
×100/baseline value. Any data when TCE-MEP baseline
amplitude was < 50 µV were excluded.

All neurophysiological data were collected before
the surgical incision was made. Baseline TCE-MEPs, so-
matosensory evoked potentials (SSEPs), H-reflex, F-wave,
and M-wave were recorded after the patient was placed in
the prone position. MEPs were recorded 2, 4, 6, 8, and
10 minutes after administration of the test drug (droper-
idol or saline). After all MEP recordings were completed,
SSEPs and those that evoked electromyograms were
recorded again.

Endpoints
The primary endpoint was the minimum relative

MEP amplitude (peak-to-peak amplitude, % of baseline
value) recorded in the left TA. Secondary endpoints in-
cluded minimum relative MEP amplitudes recorded from
all other muscles, relative MEP onset latencies, relative
amplitudes and onset latencies of the H-reflex, F-wave,
and M-wave, relative amplitude of SSEPs (P38-N46, % of
baseline value), and relative latency of SSEPs (P38, % of
baseline value). Relative amplitudes and latencies were
compared between groups.

Statistical Analysis
The sample size was calculated using G-power 3.1

software (Heinrich Heine, University of Düsseldorf,
Düsseldorf, Germany) based on a retrospective analysis of
previous data from our institution which showed that
droperidol decreased mean ( ± SD) relative MEP ampli-
tude to 44% (± 14%) of baseline compared with a decrease
to 82% (± 31%) of baseline following administration of
0.9% saline. Based on these data, we calculated that 8
patients per group was the smallest sample size required to
demonstrate a difference between droperidol and saline
with a statistical power of 0.8 and type 1 error rate of 0.05.
Allowing for possible dropouts, we planned to recruit 10
patients into each group.

The amplitude and latency of MEPs, SSEPs, H-reflex,
F-wave, and M-wave were analyzed using the Mann-
Whitney U test. A paired t test was used to compare he-
modynamic parameters. A P-value < 0.05 was considered
statistically significant. All statistical analyses were per-
formed with EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan), which is a graphical user in-
terface for R (The R Foundation for Statistical Computing,
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Vienna, Austria).11 Amplitudes and latencies are expressed
as medians and interquartile range.

RESULTS
Forty patients were assessed for eligibility, and 20 were

excluded. Thus, 20 consecutive patients were randomly allo-
cated to the droperidol group (n=10) or saline (n=10) group.
One patient in the saline group was subsequently excluded
without receiving an intervention because of mechanical failure
after allocation, leaving 19 patients for inclusion in the analysis
(Supplemental Digital Content 2: Study flow diagram, http://
links.lww.com/JNA/A412). Baseline characteristics were com-
parable between groups (Supplemental Digital Content 3:
Patient characteristics and perioperative data, http://links.lww.
com/JNA/A413). Droperidol was administered at doses rang-
ing from 0.78 to 1.3mg.

The effects of droperidol and saline on relative MEP
amplitudes recorded from each muscle are shown in
Table 1 and Figure 1A. Minimum relative TCE-MEP
amplitude of the left TA was lower in the droperidol group
compared with that in the saline group (37% [30% to 55%]
of baseline vs. 76% [58% to 93%] of baseline, respectively;
P< 0.01). There were no differences in bilateral APB or left
quadriceps femoris MEPs between groups. In the other
muscles, droperidol reduced relative TCE-MEP amplitude
by 32% to 49% of baseline. The relative amplitude of the
left H-reflex and bilateral F waves recorded from the
gastrocnemius were lower in the droperidol group
compared with those in the saline group (Table 2,
Fig. 1B). There were no significant differences in the
relative onset latencies or relative amplitudes of other
evoked potentials between drope-
ridol and saline groups; full details are available in the
supplementary material (Supplemental Digital Content 4:
Relative onset latency of MEPs, http://links.lww.com/JNA/
A414, Supplemental Digital Content 5: Relative amplitude
and latency of SSEPs, http://links.lww.com/JNA/A415,

Supplemental Digital Content 6: Representative traces of
SSEP before and after droperidol administration, http://
links.lww.com/JNA/A416, and Supplemental Digital Con-
tent 7: Relative onset latency of H-reflex, F-wave, M-wave
recorded from gastrocnemius, http://links.lww.com/JNA/
A417). There were also no significant differences in hemo-
dynamic parameters between droperidol and saline groups
(Supplemental Digital Content 8: Vital signs and hemody-
namic parameters, http://links.lww.com/JNA/A418).

There were no adverse events related to droperidol use
or TCE-MEP monitoring, including extrapyramidal symp-
toms, arrhythmias or intraoral injuries requiring treatment.

DISCUSSION
In this double-blind, randomized, placebo-controlled

study, bolus administration of droperidol (20 µg/kg) reduced
the relative amplitudes of TCE-MEP to 32% to 49% of
baseline, similar to that reported in a previous retrospective
study.10 At our institution, a 70% decrease in TCE-MEP
amplitude (ie, to 30% of baseline) is considered the alarm point
based on data from a previous prospective multicenter study.12

Our findings suggest that administration of low-dose droper-
idol (ie, in clinically relevant antiemetic doses) may reduce the
amplitude of MEP to values close to this alarm point.

In this study, droperidol was administered at in-
duction of general anesthesia. The suppressive effect of
droperidol on TCE-MEP amplitude lasted for at least
10 minutes, although MEP amplitudes had recovered to
baseline by the time of pedicle screw insertion. In our pre-
vious retrospective study, TCE-MEP amplitudes had re-
covered to baseline values 1 to 2 hours after droperidol
administration.10 As a result, TCE-MEP could be recorded
in all patients included in our studies. Although it can be
assumed that the suppressive effects of droperidol on TCE-
MEPs would likely last for about 60 minutes, we could not
exclude the influence of surgical manipulations or other
anesthetics on TCE-MEPs > 10 minutes after the admin-
istration of droperidol. If droperidol is administered during
sensitive manipulations, reduction in TCE-MEP amplitudes
may yield false-positive results, leading to unnecessary in-
terventions. Therefore, we recommend that anesthesiologists
pay attention to the timing of droperidol administration,
even when it is being administered in low doses.

Droperidol exerts a sedative effect by antagonizing
dopamine D2 receptors and by suppressing the excitability
of the central nervous system.13 Droperidol also has an
antagonistic action on various excitatory receptors.14 In
particular, it has been reported that dopaminergic fibers
project to the ventral horn of the spinal cord from the
hypothalamus (A11 area) and that dopamine is involved
in the regulation of spinal motor neuron excitation.15 We
used supramaximal stimulation for MEP recording in this
study. In this stimulation method, any depressive effects of
droperidol on the motor cortex would be bypassed be-
cause the axons of the corticospinal tract are directly
stimulated. Because the amplitude of the F-wave, which is
evoked by retrograde electrical stimulation of efferent fi-
bers, reflects the excitability of innervated spinal motor

TABLE 1. Relative Amplitude of Motor-evoked Potentials
Recorded From Each Muscle

Muscle Droperidol n 0.9% Saline n P

Left APB 53 [35-72] 9 54 [38-76] 7 0.75
QF 48 [24-64] 10 81 [9-85] 8 0.14
TA 37 [30-55] 10 76 [58-93] 8 < 0.01
AH 32 [29-47] 9 80 [57-90] 9 0.04
GC 48 [40-65] 10 80 [63-93] 8 0.03

HAM 44 [31-61] 7 71 [66-86] 6 0.03
Right APB 49 [29-59] 8 57 [49-71] 8 0.19

QF 48 [41-61] 10 98 [78-108] 8 < 0.01
TA 42 [36-53] 10 71 [61-87] 8 0.02
AH 42 [28-47] 9 73 [49-92] 9 0.01
GC 49 [37-60] 10 88 [77-94] 7 < 0.01

HAM 39 [39-55] 7 97 [80-125] 5 0.03

Data are represented as median [interquartile range]. P values were calculated
using Mann-Whitney U test.

Amplitude of MEP recorded from each muscle are expressed as relative values
(baseline value, 100%).

AH indicates abductor hallucis; APB, abductor pollicis brevis; GC, gastro-
cnemius; HAM, hamstrings; MEP, motor-evoked potential; QF, quadriceps fem-
oris; TA, tibialis anterior.
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neurons, our results suggest that low-dose droperidol can
suppress the excitabilities of motor neurons in the spinal
cord resulting in reduced amplitudes of TCE-MEP.

This study has some limitations. First, we included
only female patients because of the higher prevalence of
severe scoliosis among females.16 Although we cannot

FIGURE 1. Representative traces of recordings before and after administration of droperidol. A, Motor-evoked potentials from each
muscle. B, F-wave, H-reflex, and M-wave recorded from gastrocnemius. AH indicates abductor hallucis; APB, abductor pollicis
brevis; GC, gastrocnemius; HAM, hamstrings; QF, quadriceps femoris; TA, tibialis anterior.
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confirm this, our results may be applicable to males
because there are no reports of sex-related variability
regarding the effect of droperidol. Second, because we
only monitored TCE-MEPs in APB muscles in the up-
per limbs in this study, we were not able to investigate
any differences between upper and lower limbs. Third,
we targeted a bispectral index range of 40 to 60. Al-
though a narrower range would have been ideal, we
believe that use of the 40 to 60 range means that our
results have clinical relevance for TCE-MEP monitoring
as a feasible technique.17

In conclusion, the results of this study showed that
low-dose droperidol (20 µg/kg) reduces TCE-MEP ampli-
tude. Anesthesiologists should therefore pay close atten-
tion to the timing of droperidol administration for the
prevention postoperative nausea and vomiting, even at a
low dosage.
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averaging by 5 times stimuli; F-wave—stimulus lasting 0.2 ms, averaging by 5 times
stimuli; M-wave—stimulus lasting 0.5 ms, averaging by 5 times stimuli. The stim-
ulus intensities of the H-reflex and M-wave were set to intensities where their
amplitudes reached the maximum and the stimulus intensity for the F-wave re-
cordings was set to 120% of the stimulus intensity used for the M-wave recordings.
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