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Abstract
Remimazolam is a short-acting benzodiazepine that was approved for clinical use in 2020. We report three patients who 
underwent surgery for cerebral and spinal cord tumors, in whom transcranial electrical stimulation-motor-evoked potential 
(TES-MEP) was successfully monitored under general anesthesia with remimazolam. During total intravenous anesthesia 
with propofol at a target concentration of 2.7 − 3.5 µg/mL and 0.1 − 0.35 µg/kg/min of remifentanil, delayed awakening, 
bradycardia, and hypotension during propofol anesthesia were expected in all three cases. With patient safety as the top 
priority, we considered changing the anesthetic agent. Propofol was replaced with remimazolam at a loading dose of 12 mg/
kg/h for a few seconds (case 3), followed by 1 mg/kg/h for maintenance (cases 1–3). TES-MEP was recorded during propofol 
and remimazolam administration in all three patients. Amplitudes of TES-MEP during anesthesia with propofol and remima-
zolam were 461.5 ± 150 µV and 590.5 ± 100.9 µV, 1542 ± 127 µV and 1698 ± 211 µV, and 581.5 ± 91.3 µV and 634 ± 82.7 µV 
sequentially from Case 1. Our findings suggest that intraoperative TES-MEP could be measured when anesthesia was man-
aged with remimazolam at 1 mg/kg/h.
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Background

Intraoperative neurophysiological monitoring (IONM) 
using motor-evoked potentials (MEPs) with transcranial 
electrical stimulation (TES) or direct cortical stimulation 
has been widely used in neurosurgery [1–3]. Previously, sta-
ble intraoperative MEP recording was difficult to achieve 
[4]. However, the development of pulsed MEP stimulation 
techniques has led to successful IONM of the corticospinal 
tract under general anesthesia [1]. Currently, intraoperative 
total intravenous anesthesia (TIVA) using propofol and opi-
oids is the standard [5, 6]. Remimazolam, a benzodiazepine 
with an ester bond, was approved for clinical use in Japan in 
2020. However, it is currently unclear whether remimazolam 
affects IONM during anesthetic management in neurosur-
gery. Therefore, we reported three patients in which propofol 

was changed to remimazolam during general anesthesia. 
TES-MEP measurements were recorded during the pro-
cess and reproducible TES-MEP responses were obtained 
intraoperatively.

Case presentations

Written informed consent was obtained from all three 
patients.

General anesthesia

General anesthesia was induced with propofol at a target 
concentration of 4.0 − 5.0 µg/mL, followed by 0.1 − 0.35 µg/
kg/min remifentanil and 0.6 − 0.8  mg/kg rocuronium. 
After tracheal intubation, anesthesia was maintained with 
2.7 − 3.5 µg/mL propofol and 0.1 − 0.35 µg/kg/min remifen-
tanil to maintain the bispectral index (BIS) between 40 and 
60. We did not use rocuronium except immediately before 
intubation. Anesthesia was changed from propofol to 
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remimazolam after each event in each case. As bradycardia 
and hypotension persisted, remimazolam was changed for 
prevention. Initially, for the reason described below, only 
in Case 3, when changing from propofol to remimazolam, 
12 mg/kg/h of remimazolam was administered for the first 
few seconds. After the change, remimazolam (1 mg/kg/h) 
was administered in all cases. The total dose and duration 
of anesthesia are shown in Table 1. Circulatory dynamics 
and BIS before and after the change are shown in Fig. 1. 
Rocuronium was not used during the operation. Sugamma-
dex was administered to reverse neuromuscular blockade 
as necessary.

Assessment and measurement of TES‑MEP

The central sulcus was identified with a navigation system. 
Then, corkscrew electrodes were implanted in the skull at 
C3 and C4 according to the International 10–20 system. 
TES-MEP was recorded from the abductor pollicis brevis 
(APB) and abductor hallucis (AH) muscles, using a pair of 
surface electrodes placed 3 cm apart in each belly and ten-
don. TES-MEP was derived as a compound muscle action 
potential (CMAP) after monophasic electrical stimulation 
with the anode of C3 or C4 on the operation side and the 

cathode C4 or C3 on the pair side electrodes. The stimula-
tion and recording of TES-MEPs were performed using a 
Digitimer Multipulse Stimulator (Neuromaster MEE-2000, 
Nihon Kohden, Tokyo, Japan). The stimulation waveform 
was a constant current with a rectangular pulse of electri-
cal stimulus intensity (0–200 mA). Other conditions for 
TES-MEP electrical stimulation were as follows: stimulus 
duration of 0.3 ms, inter-stimulus interval of 2.0 ms, five 
train stimulations, band-pass filter of 10–3000 Hz, and a 
time base of 100 ms [7]. All the above stimulation condi-
tions were fixed before and after the change in anesthetic 
agents. The stimulus intensity was increased stepwise in 
5–10 mA increments, from 50 to 70 mA, to a maximum 
of 200 mA until the TES-MEP threshold was confirmed. 
We defined TES-MEPs as 20–30 µV or more based on 
previous studies [8]. We assumed a stimulus intensity that 
ensured 50% TES-MEP threshold probability. Amplitudes 
of TES-MEP were measured during suprathreshold stim-
ulation at ≥ 20% threshold, from peak to peak between 
consecutive largest peaks at the positive and negative 
polarities. After recording and measurement, TES-MEP 
stimulations were left at the interval for at least 60 s, and 
continuous monitoring was maintained. Data are expressed 
as mean ± SD.

Table 1  Patient characteristics Case no. Sex Age [years] Weight [kg] Duration of anesthesia [min] Total of administration 
[mg]

Propofol Remimazolam Propofol Remimazolam

1 M 66 63.2 491 134 3191 141
2 M 60 83.1 87 406 857 563
3 M 73 68.4 118 289 1133 330

Fig. 1  Box plots of (a) heart 
rate (HR), b mean blood pres-
sure (MBP), and c bispectral 
index (BIS) before and after 
the change in three cases in 2 h. 
Each datum was recorded every 
5 min, reported as medians 
(Interquartile range: IQR, 
25th to 75th percentile). The 
median HR, MBP, and BIS of 
propofol and remimazolam were 
64 bpm (IQR: 57–67.5 bpm) 
and 68 bpm (IQR: 60.75–
69 bpm), 76 mmHg (IQR: 
72.5–81 mmHg) and 92 mmHg 
(IQR: 85.75–95.25 mmHg), and 
41 (IQR: 36.25–48.25) and 38.5 
(IQR: 30.75–45), respectively
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Case 1

A 66-year-old man complained of dizziness and nausea. 
He was diagnosed with hemorrhage from a right brainstem 
cavernous angioma. The patient was followed up. Subse-
quently, bleeding recurred. Paralysis of the left side of the 
patient’s body was also developed. Intracranial tumor resec-
tion was performed because of the rapid growth of the tumor 
(Fig. 2a).

Baseline TES-MEP measurements were recorded. TES-
MEP was measured during intracranial tumor removal under 
a microscope. Since delayed awakening due to prolonged 
propofol use was expected, the anesthetic agent was changed 
from propofol to remimazolam. Upon propofol and remima-
zolam treatment, heart rate (HR) was observed to be 65 and 
65 bpm, mean blood pressure (MBP) was 80 and 95 mmHg, 

and BIS was 45 and 35, respectively. Vasopressors were 
not required before or after administration of anesthetics, 
and BIS recovered to 45 in approximately 1 h. Even after 
prolonged propofol anesthesia, the amplitude of TES-MEP 
during remimazolam anesthesia was larger than that during 
propofol anesthesia (Fig. 3a). The TES-MEP amplitudes 
of propofol and remimazolam were 461.5 ± 150 µV and 
590.5 ± 100.9 µV, respectively. This was maintained until 
the end of surgery. TES-MEP during remimazolam was 
comprehensively documented. Postoperatively, the patient 
had mild right peripheral facial nerve palsy and dysarthria. 
However, his left motor function improved.

Case 2

A 60-year-old man with a history of atypical meningioma, 
including two recurrences, underwent surgery. Subsequent 
radiotherapy was performed. Following 60 Gy irradiation, 
recurrent foci were identified. Since recurrence occurred 
approximately 2 months after the previous reoperation, fur-
ther management of the disease with radiotherapy alone was 
not possible. Therefore, a third intracranial tumor resection 
was performed. A preoperative examination revealed no 
motor dysfunction. Initially, the induction and maintenance 
doses of propofol were the same as those used in Case 1. 
Ephedrine was used several times to maintain HR and MBP, 
which were 60 bpm and 75 mmHg, respectively. The lowest 
HR during propofol infusion was 40 bpm. Due to concerns 
regarding severe bradycardia during surgery, the anesthe-
sia was changed from propofol to remimazolam during the 
operative procedures. BIS was 45 but temporarily fell to 30 
after the change to remimazolam. HR and MBP after the 
change were maintained at 60 bpm and 85 mmHg, respec-
tively, with remimazolam when ephedrine was not used. The 
infusion rate of remifentanil was maintained at 0.14 µg/kg/
min with no change. The TES-MEP was measured well, 
while anesthesia was maintained with remimazolam, and 
could be used for monitoring motor function during intracra-
nial surgery. The TES-MEP measurements fluctuated within 
the safe range during tumor removal. The TES-MEP ampli-
tudes of propofol and remimazolam were 1542 ± 127 µV and 
1698 ± 211 µV, respectively. No significant changes were 
observed (Fig. 3b). Immediately after surgery, the patient 
had mild fine motor deficits in the right upper extremity and 
aphasia. Complete recovery was achieved over time.

Case 3

A 73-year-old man presented to our hospital complain-
ing of sensory disturbance in the lower extremities and 
gait disturbance. The MRI scan revealed an intradural 
extramedullary tumor at the level of the 7th to 9th tho-
racic vertebrae (Fig. 2b). The patient was followed up. 

Fig. 2  Diffusion tensor imaging (DTI) and T2-weighted coronal and 
axial magnetic resonance imaging (MRI) show a right brainstem cav-
ernous angioma (a). Upper left: expressed DTI and observed tractog-
raphy of the corticospinal tract (white arrow) located near the cavern-
ous angioma. Upper middle and right: expressed preoperative and 
postoperative MRI, respectively. Corticospinal tract (white arrow). 
T2-weighted sagittal MRI shows the preoperative (lower left) and 
postoperative (lower right) intradural extramedullary tumor at the 
level of the 7th to 9th thoracic vertebrae (b)
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Subsequently, surgery was performed because of bladder 
and rectal disorders. After confirming the TES-MEP deri-
vation, the lowest HR and MBP during propofol infusion 
were 46 bpm and 40 mmHg, respectively. Several doses 
of ephedrine and phenylephrine were administered while 
maintaining an HR of 60 bpm and MBP of 70 mmHg; 
however, they were not permitted after the start of the 
surgery. Hence, the anesthetic agent was changed from 
propofol to remimazolam. Initially, remimazolam was 
loaded at 12 mg/kg/h for approximately 10 s before the 
dose was reduced for maintenance. BIS was 45, but it fell 
to 20 right after the loading. HR and MBP were main-
tained at 60 bpm and 80 mmHg without a vasopressor. 
TES-MEP was recorded at the same maintenance dose as 
in the other two cases. However, the amplitude decreased 

from that of the baseline measurement of propofol for 
approximately 30 min. Thereafter, the amplitude of TES-
MEP recovered over time. BIS was 35 at that point. Tumor 
removal was performed under a microscope. Intraopera-
tively, the amplitude of the AH decreased to approximately 
20% of the baseline. This was determined to be a true 
positive, because there was no decrease in amplitude from 
the APB and contralateral AH. Therefore, surgery was ter-
minated after partial resection of the tumor in the area 
near the pyramidal tract. The TES-MEP APB amplitudes 
of propofol and remimazolam were 581.5 ± 91.3 µV and 
634 ± 82.7 µV, respectively (Fig. 3c). Postoperatively, the 
patient presented with temporary moderate motor deficits 
in the lower extremities, while other symptoms remained 
unchanged.

Fig. 3  Transcranial electri-
cal stimulation-motor-evoked 
potential (TES-MEP) during 
anesthesia with propofol, fol-
lowed by remimazolam. The 
continuous intravenous infusion 
of propofol at a target concen-
tration of 2.7 − 3.5 µg/mL was 
switched to remimazolam in all 
cases. a Case 1: MEP amplitude 
was decreased during infusion 
of propofol, which increased 
after starting remimazolam 
at 1 mg/kg/h. b Case 2: MEP 
amplitude was not changed after 
changing to remimazolam. c 
Case 3: MEP amplitude was 
decreased after infusion of a 
loading dose of remimazolam 
12 mg/kg/h for a few seconds, 
which increased during con-
tinuous infusion of 1 mg/kg/h 
remimazolam. APB abductor 
pollicis brevis, Amp ampli-
tude (mean ± SD), Lat latency 
(mean ± SD), MEP motor-
evoked potential, TES transcra-
nial electrical stimulation
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Discussion

For intraoperative MEPs, propofol causes a lesser decrease 
in the excitability of the lower motor neurons than volatile 
anesthetics, but a comparable effect on the  GABAA recep-
tors in synaptic models, with suppression of that MEP 
amplitude at higher doses [9, 10]. Although these short-
comings of propofol are well known, the new intravenous 
anesthetic agent, remimazolam, has only been approved 
for clinical use in Japan since 2020. Remimazolam, an 
ester-based benzodiazepine, is characterized by (1) a high 
affinity for all subtypes of benzodiazepine  GABAA recep-
tors, (2) short-acting sedative, and (3) reversible using 
flumazenil. Thus, remimazolam is a sedative with high 
clearance, rapid induction, and prompt awakening from 
anesthesia [11, 12]. As remimazolam is a novel drug, its 
influence on IONM is not well understood. Furthermore, 
the influence of remimazolam on intraoperative MEP has 
not yet been studied.

In all three cases, TES-MEP was recorded during gen-
eral anesthesia using remimazolam. This is the first report 
to measure and compare TES-MEP between propofol and 
remimazolam in neurological patients. Importantly, we 
were able to observe changes due to the different anes-
thetic agents within the same patient; thus, eliminating the 
risk of error due to TES-MEP variability between patients.

In all three patients, TES-MEP during remimazolam 
anesthesia was measured and recorded at the time of tumor 
resection and functioned as well as IONM. In Case 1, the 
amplitude of TES-MEP during remimazolam was higher 
than that of propofol, but, which is superior, could not be 
determined. In addition, more cases are needed to deter-
mine how much time affects the suppression of MEPs. In 
Case 3, a decrease in amplitude was observed, and the 
postoperative loss of motor function was expected. It has 
been reported that midazolam, also a benzodiazepine, 
decreases the amplitude of TES-MEP with increasing 
injection volume [13]. In our cases, maintenance using 
remimazolam at 1 mg/kg/h had little effect on TES-MEP. 
The prolonged use of the drug was tolerated. In Case 3, 
TES-MEP decreased temporarily after a loading dose of 
remimazolam (12 mg/kg/h) was administered. This may 
be because remimazolam regulates TES-MEP in a dose-
dependent manner, similar to other intravenous anesthet-
ics [14]. As such, remimazolam may be considered for 
anesthetic management during TES-MEP measurements, 
as long as care is taken to avoid overdosing during anes-
thetics induction and maintenance.

This study has several limitations. First, there were 
no cases in which the anesthetic agent was changed from 
remimazolam to propofol. Before clinical application, a 
crossover study to verify the superiority or inferiority of 

remimazolam is warranted. Second, we need to clarify the 
index for the appropriate dose of remimazolam. Propofol 
can be assessed using BIS; however, it is difficult to adjust 
the maintenance dose of remimazolam in the same way. 
Therefore, anesthesiologists might not be able to preset 
the conditions for an equal depth of anesthesia for each 
patient.

Conclusion

We reported three patients in which the anesthetic agent was 
changed from propofol to remimazolam during neurosur-
gery. We were able to confirm the effects of both anesthetic 
agents on TES-MEP in the same patient. The results showed 
that we could stably measure TES-MEP under general anes-
thesia using remimazolam at 1 mg/kg/h for maintenance. 
Our findings suggest that TES-MEP can be measured when 
remimazolam is used and that motor functions can be moni-
tored during surgery.
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