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Background: Remimazolam is a newly developed benzodiazepine. Early recovery from anesthesia because of its ultra-short acting
efect and less hemodynamic side efects has been reported as the specifc advantages of remimazolam.Terefore, the maintenance
of anesthesia with propofol may be sometimes switched to remimazolam anesthesia maintenance during surgery because of the
risk of delayed awakening and unstable hemodynamics. In the present study, to determine the infuence of switching anesthesia
from propofol to remimazolam on the baseline TOF ratio, the TOF ratio under remimazolam anesthesia maintenance without any
neuromuscular blocking agents was compared to that calibrated after induction of general anesthesia with propofol.
Methods: Twelve patients scheduled for elective surgery under general anesthesia in the supine position were investigated. After
induction of general anesthesia with remifentanil and propofol, a supraglottic airway was inserted without neuromuscular
blockade, and TOF stimulation every 15 s at the adductor pollicis muscle was started with acceleromyography. After stable
baseline responses to TOF stimulation being obtained for at least 10min under propofol anesthesia, the anesthetic agent was
switched to remimazolam and TOF stimulation every 15 s was maintained for a further 60min without any interruption. In each
case, the averaged TOF ratio during the last 10min of TOF monitoring was compared to that during the 10min immediately
before the beginning of remimazolam infusion using a paired t-test.
Results:Tere were no signifcant diferences in the TOF ratios before and after switching anesthesia to remimazolam (1.07± 0.03
vs. 1.07± 0.03, p � 0.325).
Conclusion: Switching anesthesia from propofol to remimazolam does not afect the baseline TOF ratio.

1. Introduction

Recently, it was not demonstrated that adherence to the rec-
ommended train-of-four (TOF) ratio of 0.9 before extubation
was associated with better pulmonary outcomes [1]. Te
overestimation of recovery from neuromuscular blockade of
acceleromyography, the most frequently used neuromuscular
monitoring device, due to its property of indicating the TOF
ratio > 1.0 is considered as one of the possible explanations for
this fnding [1, 2]. Terefore, anesthesiologists are recom-
mended to note the baseline TOF ratio before administration of
neuromuscular blocking agents at the induction of general
anesthesia and confrm recovery of the TOF ratio to at least
90% of the baseline value before extubation [3].

Remimazolam is a newly developed benzodiazepine.
Early recovery from anesthesia because of its ultra-short
acting efect and less hemodynamic side efects has been
reported as the specifc advantages of remimazolam [4, 5].
Terefore, the maintenance of anesthesia with propofol, the
most common intravenous anesthesia, may be sometimes
switched to remimazolam anesthesia maintenance during
surgery because of the risk of delayed awakening and un-
stable hemodynamics. On the other hand, the detailed efects
of remimazolam on neuromuscular function have not been
reported. Tus, the infuence of switching anesthesia to
remimazolam on the baseline TOF ratio remains unclear.

Te purpose of this study is to determine the infuence of
switching anesthesia from propofol to remimazolam on the
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baseline TOF ratio. We hypothesized that switching anes-
thesia to remimazolam does not afect the baseline TOF
ratio. To test this hypothesis, the changes in the TOF ratio
were compared between remimazolam anesthesia mainte-
nance and propofol anesthesia maintenance without any
neuromuscular blocking agents. To eliminate the risk of
error due to TOF monitoring variability between patients,
changes of the TOF ratio due to the two anesthetic agents
were observed within the same patient in the present study.

2. Methods

2.1.EthicalConsiderations. Tis prospective clinical trial was
conducted according to the Declaration of Helsinki, with the
approval of the ethics committee of Kumamoto University
Hospital (protocol Rinri-2749; July 6, 2023). All participants
gave their written informed consent before starting the trial.
Te trial was registered in Japan Registry of Clinical trials
(jRCT1071230039, July 10, 2023; principal investigator:
Masafumi Fujimoto, https://jrct.niph.go.jp/re/reports/
detail/68710) before the frst patient was enrolled.

2.2. Inclusion and Exclusion Criteria. Te following patients
were assessed for eligibility to participate: age over 18 years,
scheduled for elective surgery under general anesthesia in
the supine position, except for head, neck, upper limb, and
abdominal surgery. All patients were included in the
American Society of Anesthesiologists’ physical status Class
I or II. Exclusion criteria included known or suspected
difcult airway including obesity (body mass index [BMI]≥
30.0 kg/m2); history of gastroesophageal refux or high risk
for aspiration; contraindications to the use of benzodiaze-
pines; neuromuscular disorders.

2.3. Anesthesia and Neuromuscular Monitoring. We fol-
lowed the methods of Fujimoto et al. [6]. Premedication was
not used in any patients. Upon entry into the operating
theater, routine monitoring was applied to all patients, in-
cluding electrocardiography, pulse oximetry, noninvasive
blood pressure and end-tidal CO2 measurement, and an-
esthetic depth monitoring (BISx module NK, Nihon Koh-
den, Tokyo, Japan), and an intravenous cannula was inserted
into a forearm vein for the administration of routine an-
esthetics and study drugs. A continuous infusion of remi-
fentanil and propofol was used to induce and maintain
general anesthesia. A target-controlled infusion technique
(TCI pump; TERUMO, Tokyo, Japan) was used to adjust the
propofol infusion rate, using a target concentration of
2.0–5.0 μg/mL to maintain the BIS value in the range of 40 to
60. Remifentanil was continuously infused and adjusted to
0.1–0.5 μg/kg/min. After the eyelash refex was lost, the
patient was ventilated with a mask for a few minutes,
a supraglottic airway (i-gel, Intersurgical, Wokingham,
Berkshire, United Kingdom) was inserted without neuro-
muscular blockade, and mechanical ventilation was started.
Te anesthetic agents and doses were adjusted as necessary
by the attending anesthesiologists to provide optimal patient
care, with blood pressure management within 20% of

baseline values. A bolus injection of fentanyl 1.5–2.0 μg/kg
during periods when neuromuscular data were not being
collected was also permitted.

After anesthesia was induced, a TOF-Watch SX (Nihon
Kohden, Tokyo, Japan) was placed on the arm opposite to
that with the blood pressure cuf for neuromuscular mon-
itoring at the adductor pollicis muscle. Te neuromuscular
data of the adductor pollicis muscle were collected by
a transducer that was attached to the thumb; the data were
then transferred in real time to a computer and recorded
using the TOF-Watch SX monitoring program. Neuro-
muscular monitoring was performed according to the
guidelines of Good Clinical Research Practice in pharma-
codynamic studies of neuromuscular blocking agents [7].
With the patient’s study arm immobilized, a preload was
applied to the thumb with a hand adapter. TOF stimulation
of the ulnar nerve was applied through surface electrodes at
the wrist every 15 s for at least 10min without preceding
tetanic stimulation. When a stable response to TOF stim-
ulation was achieved (variation less than 5%), the built-in
calibration function (CAL 2) ensured calibration and
supramaximal stimulation. Once stable baseline responses to
TOF stimulation were obtained for at least 10min, TOF
stimulation was continued every 15 s for a further 10min.
Te propofol infusion was then discontinued, with anes-
thesia maintained by continuous remimazolam infusion,
and TOF stimulation every 15 s was continued without
interruption for 60min (Figure 1). Te remimazolam in-
fusion rate was adjusted at 0.6–1.2mg/kg/h to maintain the
BIS value in the range of 40–60.

While neuromuscular monitoring was being performed,
nasal temperature, refecting central body temperature, was
measured and maintained at ≥ 35°C. Peripheral body
temperature was also measured continuously by a thermis-
tor at the thenar eminence, maintaining it ≥ 32°C with
a forced air-warming device.

2.4. Statistical Analysis. Considering the measurement
variations of TOF monitoring, for each case, the TOF ratios
were measured at the shortest interval of 15 s and averaged
every 10min, and then the averaged TOF ratio during the
last 10min of the TOF monitoring and that during the
10min immediately before the remimazolam administration
were compared using the paired t-test. Te frst twitch re-
sponses to the TOF stimulation were similarly compared
between before and after remimazolam administration.

Te recovery of the TOF ratio recommended to extubate
patients is commonly more than 90% of the baseline value
[3, 8, 9]. In the present study, therefore, a clinically relevant
change of the TOF ratio was defned as a 10% decrement. As
the average baseline TOF ratio and standard deviation (SD)
evaluated by acceleromyography have been reported to be
1.10± 0.09 [3], the sample size needed to detect the decre-
ment of 0.11 in the TOF ratio with an SD of 0.09 was
calculated. A prior power analysis showed that, with α� 0.05
and β� 0.20, the sample size required in the present study
was eight. Given that calculation, it was decided to recruit 15
patients, taking into account missing data.
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Data are expressed as mean± SD values. Te R statistical
package version 3.4.1 (R Foundation for Statistical Com-
puting, Vienna, Austria) was used for all statistical analyses,
including the sample size calculation, and signifcance was
defned as a p value < 0.05.

3. Results

Te study was performed at Kumamoto University Hospital,
with patients enrolled from July 24, 2023, to November 1,
2023. Of the 22 patients assessed for study eligibility, seven
were excluded. Two of the remaining 15 patients were ex-
cluded because rocuronium administration was needed. One
was for movement during induction of general anesthesia,
and the other was for tracheal intubation because of a change
in the airway management plan. In addition, another patient
was excluded because of technical difculties in the re-
cording device for neuromuscular monitoring. Terefore,
a total of 12 patients were included in the fnal analysis
(Figure 2). Te patients’ basic demographic data are shown
in Table 1. Tere were no patients with diseases interfering
with the pharmacodynamics of study drugs, such as cir-
rhosis, hepatitis, cholestasis, heart failure, and renal dys-
function. In all cases, surgery was started before switching
anesthesia to remimazolam and some patients received
a bolus injection of fentanyl prior to starting surgery. Tere
were no patients required administration of anesthetics
deviated from the protocol.

Tere were no signifcant diferences in the TOF ratios
between before and after remimazolam administration
(1.07± 0.03 vs. 1.07± 0.03, p � 0.325) (Figure 3). In contrast,
there was a signifcant decrement in the frst twitch response
(95.5± 5.7% vs. 92.4± 7.8%, p � 0.049). Te averaged TOF
ratios and frst twitch responses every 10min during data
collection are shown in Figure 4.

Tere were no complications or adverse events related to
the study during the surgery or in the postoperative period
including muscle pain in the fngers or hands on the
monitoring side.

4. Discussion

To the best of our knowledge, the present study is the frst to
investigate the infuence of switching anesthesia from
propofol to remimazolam on the baseline TOF ratio. In the
present study, no signifcant changes between the TOF ratio
under remimazolam anesthesia maintenance and that
calibrated after induction of general anesthesia with

propofol were demonstrated, suggesting that the baseline
TOF ratio was consistently available even after switching
anesthesia from propofol to remimazolam. Some benzodi-
azepines, such as diazepam and midazolam, are known to
have centrally acting muscle relaxant efects induced by
reduction of the polysynaptic refex in the spine, which is
thought to relate to the potentiation of some gamma-
aminobutyric acid (GABA)–ergic inhibitory processes
[10]. Te efect of benzodiazepines on the TOF ratio has not
been reported, but there are a few reports investigating their
interaction with neuromuscular blocking agents [11, 12].
According to Olkkola and Tammisto, the infusion rate of
rocuronium necessary to produce a constant 90% block in
the frst twitch response to TOF stimulation from the control
value did not difer signifcantly between patients receiving
propofol and those receiving midazolam [11]. Driessen et al.
reported signifcantly delayed recovery of the twitch re-
sponse after administration of vecuronium and artacurium
in patients receiving midazolam compared with those re-
ceiving diazepam [12]. Considering these reports, the in-
teraction of each benzodiazepine including remimazolam
with neuromuscular blocking agents and their efect on
neuromuscular transmission seemed to vary. As any neu-
romuscular blocking agents were not used in the present
study, the interaction of remimazolam with neuromuscular
blocking agents remains unclear but the direct efect of
remimazolam on the TOF ratio was not determined. Te
physiology of neuromuscular transmission holds that the
neurotransmitter acetylcholine is released from the nerve
endings by nerve impulses and that it acts on the nicotinic
acetylcholine receptors at the neuromuscular junction [13].
Te TOF fade expressed by the TOF ratio is caused by
presynaptic acetylcholine receptor blockade [14]. As no
signifcant decrement in the TOF ratio after remimazolam
administration was found in the present study, it was also
suggested that remimazolam afected neither acetylcholine
receptors nor neuromuscular transmission.

On the other hands, in the present study, a decrement in
the frst twitch response was found. Te twitch response is
decreased by not only inhibition of neuromuscular trans-
mission but also depression of muscle contractions itself.
Although there is no report investigating the direct de-
pressor efects of remimazolam on muscle contractions,
successful recording of motor-evoked potentials (MEPs)
under general anesthesia maintained with remimazolam has
been reported in previous case reports [15–18]. Particularly,
Yamada et al. reported a case series showing stable MEPs
with transcranial electrical stimulation of three patients in
which the anesthetic agent was changed from propofol to
remimazolam, as in the present study [18]. In addition, it is
unlikely that the centrally acting muscle-relaxant efects of
benzodiazepines including remimazolam are involved in the
muscle contraction induced by peripheral nerve stimulation
of TOF monitoring. Terefore, we considered that a decre-
ment in the frst twitch response found in the present study
might be caused by muscle fatigue or excessive overload to
the local muscle due to continuous TOF stimulation every
15 s over 60min. However, continuous TOF stimulation
every 15 s seemed to have no efect on the TOF ratio because

Remifentanil 0.1 - 0.5 μg/kg/min

Propofol 2.0 – 5.0 μg/mL
(target-controlled infusion)

TOF stimulation
(every 15 seconds)

Supraglottic
airway

insertion

Calibration
and

Stabilization

Remimazolam 0.6 – 1.2 mg/kg/h

TOF monitoring

–10 0 10 20 30 40 50 60 (min)

Figure 1: Schematic diagram of the induction of general anesthesia
and data collection. TOF, train-of-four.
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all four responses to the TOF stimulation were decreased to
the same extent.

Conversely, repeated TOF stimulation at 15-s intervals is
known to result in an increment in the twitch response (the
staircase phenomenon), and it takes 5–20min to achieve
a stable response [7, 19]. In the present study, although
adequate stabilization periods were secured and stable TOF
responses could be confrmed, a prior 50-Hz tetanic

stimulation for 5 s to calibration, known to shorten the
stabilization period to 2–5min [7, 19, 20], was not applied.
Tis may be one of the limitations in the present study, but
the staircase phenomenon does not afect the TOF ratio [19].
Terefore, the repeated TOF stimulation was not considered
to be related to the result about the baseline TOF ratio.

Another limitation of this study is the dose-dependency
not being investigated. According to the drug manufac-
turer’s recommendations, for usual induction of general
anesthesia, remimazolam is continuously injected at 12mg/
kg/h (loading dose) until loss of consciousness. Since a case
of temporarily decreased MEPs after a loading dose of
remimazolam administration was reported [18], a high dose
of remimazolam may afect the TOF ratio. In addition, the
infusion rate of the study drugs including remifentanil
during the period of collecting TOF data was not fxed in the
present study, suggesting that the plasma and efect–site
concentrations of remimazolam were changing. Increased
blood pressure or increased pulse rate caused by pain

Assessed for eligibility (n = 22)
Lower limb surgery (n = 20)
Perineal or transurethral surgery (n = 2)

Analysis

Enrollment (n = 15) 

Enrollment

Excluded (n = 3)

Analyzed (n = 12)

Excluded (n = 7)
Meeting exclusion criteria (n = 6) 
Declined to participate (n = 1)

◆
◆

◆
◆

Figure 2: Flow diagram of study participation.

Table 1: Demographic data of the patients (n� 12).

Age (yr) 66.6± 23.6
Sex (male/female) 3/9
Height (cm) 155.2± 7.6
Weight (kg) 57.0± 7.2
BMI (kg/m2) 23.7± 3.0
Electrical stimulation current for TOF monitoring
(mA) 40.9± 11.5

Note: Data were expressed as mean± standard deviation or number of
patients.
Abbreviations: BMI, body mass index; TOF, train-of-four.

1.1

1.0

0.9

TOF ratio
(%)
110

1st twitch response

100

90

80

70

0.8

0.7
p = 0.325 p = 0.049

AferBefore AferBefore

Figure 3: Changes in the TOF ratios and the frst twitch responses
between before and after remimazolam administration. Tere are
no signifcant diferences in the TOF ratios between before and
after remimazolam administration. In contrast, a signifcant dec-
rement in the frst twitch response is seen. TOF, train-of-four.
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Figure 4: Te averaged TOF ratios and frst twitch responses every
10min during data collection. Te circles represent the TOF ratios,
and the squares represent the frst twitch response. Te whiskers
indicate standard deviations.
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stimulation due to surgery and some demographics of pa-
tients (e.g., age, muscle mass, and body fat percentage) may
also change the plasma and efect–site concentrations of
remimazolam. Further investigation is needed but it was
demonstrated that remimazolam within the usual mainte-
nance dose based on BIS value did not afect the baseline
TOF ratio.

5. Conclusion

No signifcant changes in the TOF ratio between remima-
zolam anesthesia maintenance and propofol anesthesia
maintenance were demonstrated, suggesting that switching
anesthesia from propofol to remimazolam does not afect the
baseline TOF ratio.
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