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Background. Critical upper airway obstruction, hematoma formation, and recurrent laryngeal nerve palsy have been reported as
postoperative complications of thyroid surgery. Although remimazolammay reduce the risk of these complications, the efcacy of
fumazenil with remimazolam has not been reported. We present the successful anesthesia management of thyroid surgery using
remimazolam and fumazenil. Case Presentation. A 72-year-old woman was diagnosed with a goiter and scheduled for a partial
thyroidectomy under general anesthesia. We used remimazolam for induction and maintenance using a neural integrity monitor,
electromyogram, and endotracheal tube under the bispectral index monitor. At the end of the surgery, spontaneous respiration
was confrmed after the intravenous administration of sugammadex, and the patient was extubated under mild sedation. In the
operating room, we administered fumazenil intravenously to confrm recurrent laryngeal nerve palsy and active postoperative
hemorrhage. Te patient was confrmed to have no recurrent laryngeal nerve palsy under full wakefulness but developed active
postoperative hemorrhage with normal blood pressure. Te patient required reoperation and was reintubated under intravenous
administration of propofol. Te anesthesia was maintained using 5% of desfurane, and the patient was extubated without any
postoperative problems.Te anesthesia was then terminated.Te patient had no recall of the procedure. Conclusion. Maintenance
of general anesthesia using remimazolam allowed the use of a neurostimulator with minimal muscle-relaxant efects, and
extubation under sedation reduced the risk of abrupt and unexpected changes in blood pressure, body movement, and coughing.
Furthermore, after extubation, the patient was rendered fully awake using fumazenil to confrm the presence of recurrent
laryngeal nerve palsy and active postoperative hemorrhage. In addition, the patient had no memory of the reoperation, suggesting
that the anterograde amnesic efect of remimazolam had a favorable psychological outcome associated with the reoperation. We
safely managed thyroid surgery using remimazolam and fumazenil.

1. Introduction

Critical upper airway obstruction, postoperative hemor-
rhage/hematoma, and recurrent laryngeal nerve palsy are
important complications of thyroid surgery [1] that may
result in life-threatening complications. Terefore, anes-
thesia management should include the use of a neural in-
tegrity monitor (NIM) electromyogram endotracheal tube,
an intraoperative neuromonitoring (IONM) technique that
requires limiting muscle relaxants, minimize stimulation
that could lead to postoperative hemorrhage during arousal,
and ensure full arousal to confrm the absence of recurrent
laryngeal nerve palsy and inadequate hemostasis [2–4].

Remimazolam is an ultra-short-acting benzodiazepine
general anesthetic approved in Japan in 2020 for the

induction and maintenance of general anesthesia [5]. We
perform general anesthesia with remimazolam for partial
thyroidectomy to reduce the risk of postoperative compli-
cations. We report this case because prompt detection of
postoperative hemorrhage due to inadequate hemostasis
could have prevented the development of a life-threatening
hematoma in the patient while in the ward [1, 2, 4].

2. Case Presentation

Te patient was a 72-year-old woman (height, 149 cm;
weight, 67.0 kg) with no previous medical history who was
diagnosed with an enlarged thyroid gland during a physical
examination. Ultrasonography revealed a 42× 27× 59-mm
goiter in the right lobe of the thyroid gland, and a partial
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thyroidectomy was scheduled. General anesthesia using
remimazolam was planned to allow extubation under mild
sedation and complete arousal after fumazenil
administration.

Upon arrival at the operating room, remimazolam
(0.2mg/kg), rocuronium (50mg), and remifentanil (200 μg)
were administered intravenously for rapid induction, and
intubation was performed using an NIM. Anesthesia was
maintained using intravenous remimazolam (1.0mg/kg/h)
and remifentanil 0.2 (μg/kg/min). Te intraoperative bis-
pectral index (BIS) ranged from 40 to 60. Administration of
an antagonist of the muscle relaxant sugammadex to the
NIM is often required after induction. However, in the
present case, since nerve stimulation showed a normal re-
sponse, the surgery was completed without using an an-
tagonist. Rocuronium was not administered
intraoperatively. Te total operation time was 40min, and
the blood loss volume was 85mL. Postoperatively, the pa-
tient was extubated after intravenous administration of
200mg of sugammadex and oral and endotracheal suc-
tioning, and the presence of spontaneous respiration and
compliance was confrmed. Subsequently, fumazenil
(0.5mg) was administered intravenously, and full arousal
was confrmed. Te absence of recurrent laryngeal nerve
palsy was confrmed by vocalization. No dyspnea was ob-
served during inspiration. However, neck swelling was
observed, and postoperative hemorrhage was suspected.
Terefore, the decision was made to reoperate. Since the
patient had already received fumazenil, propofol was se-
lected as the sedative for reinduction. Anesthesia was quickly
induced using 100mg of propofol, 200 µg of fentanyl, and
60mg of rocuronium intravenously, and the patient was
intubated using a normal tracheal tube. Although the patient
had already received sugammadex, she was intubated
without any complications with intravenous 60mg of
rocuronium. Anesthesia was maintained using 5% of des-
furane. After the operation, the patient was extubated again
after administering intravenously 200mg of sugammadex,
and anesthesia was terminated. Although complete arousal
was not achieved, spontaneous respiration and handshake
compliance were confrmed, and the patient was discharged
(Figure 1).

During an interview on the day after the procedure, the
patient had no recollection of the second intubation after the
frst extubation.

3. Discussion

After thyroid surgery, extubation and arousal of patients
with minimal rapid blood pressure elevation and body
movement are essential to prevent increased venous pres-
sure, occurring due to coughing or retching subsequent to
postoperative hematoma [4]. However, to check for re-
current laryngeal nerve palsy and active postoperative
hemorrhage, vocalization and neck swelling should be
confrmed under full arousal and normal blood pressure
conditions [1].

In the present case, extubation under remimazolam
sedation minimized the risk of postoperative hemorrhage

caused by elevated blood pressure and coughing. Sub-
sequent arousal using fumazenil allowed us to confrm
the absence of recurrent laryngeal nerve palsy; however,
active postoperative hemorrhage occurred due to in-
adequate hemostasis [4–7]. Remimazolam is rapidly hy-
drolyzed in the liver, mainly by carboxylesterase, and has
an elimination half-time of 48–49minutes [6]. Although
narcotic overdose, residual muscle relaxants, and pro-
longed sedation can hinder the resumption of sponta-
neous breathing, in the present case, the rapid metabolism
of remimazolam was ensured by antagonizing it with
sugammadex 24min after termination of administration,
and spontaneous breathing was observed immediately.
After extubation, spontaneous breathing was maintained,
and the patient was sedated until a Richmond Agitation-
Sedation Scale score of −2 was obtained. Te surgeon
requested full arousal of the patient to confrm vocali-
zation; however, active postoperative hemorrhage was
missed. Flumazenil was administered, and full arousal was
achieved. Since fumazenil has a longer elimination half-
life than remimazolam (60–77minutes) [8], the risk of
resedation after fumazenil administration is relatively
low, and depending on the situation, the anesthesiologist
can safely control the level of arousal using fumazenil
after extubation, with no upper airway obstruction and
spontaneous breathing. On the other hand, some reports
have described patients who were fully awake after general
anesthesia with remimazolam and received fumazenil but
were resedated after returning to the room [9] and
extubated after spontaneous breathing was confrmed
without achieving subsequent arousal, resulting in mul-
tiple administrations of fumazenil [10]. When adminis-
tering fumazenil, it is necessary to confrm that there is no
loss of spontaneous respiration or upper airway ob-
struction after extubation, and careful observation is
essential, considering the possibility of resedation. Other
precautions to be maintained during the administration of
fumazenil include monitoring for seizures and benzo-
diazepine withdrawal symptoms. Withdrawal symptoms
such as agitation and hyperventilation may occur when
fumazenil is administered to patients who have received
long-term benzodiazepines, and convulsions may be in-
duced in patients receiving anticonvulsants after the
administration of benzodiazepines and subsequent an-
tagonists with fumazenil [11]. In addition, fumazenil
administration may cause antidepressant intoxication in
patients taking tricyclic or tetracyclic antidepressants and
benzodiazepines simultaneously [11]. Terefore, fuma-
zenil should be used cautiously, with due consideration of
the patient’s medical history and medication intake.

In the present case, a nerve stimulator with an NIM was
used for monitoring to prevent recurrent laryngeal nerve
palsy, a complication of thyroid surgery [1, 12]. In such
cases, if the intraoperative muscle-relaxant efect of the drug
is afected during surgery, adequate nerve stimulation will
not be achieved, and accurate monitoring may not be
possible [1]. Terefore, a muscle-relaxant antagonist may
have to be administered if the efect of rocuronium used
during induction persists. In the present case, the patient
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showed a normal response to the neurostimulator, and
sufcient stimulation was achieved without the need to
administer amuscle-relaxant antagonist. Remimazolammay
have fewer muscle-relaxant efects than inhaled anesthetics
and may have a minimal efect on the neurostimulator
[3, 13–19]. For the maintenance of anesthesia for thyroid
surgery requiring neurostimulation, continuous adminis-
tration of propofol, which has minimal muscle-relaxant
efects, may be selected, but propofol infusion syndrome
should be looked out for.

Reintubation after extubation, as in this case, is a psy-
chologically taxing event for the patient; however, the
present patient had no recollection of the second intubation
after the frst extubation. Anterograde amnesia with mid-
azolam has already been reported, suggesting that remi-
mazolam, which has a similar structure to midazolam, also
has anterograde amnesic efects, which could have reduced
the psychological burden on the patient and facilitated the
reoperation [20, 21].

In the present case, remimazolam was used during
thyroid surgery to modulate the efects of the neuro-
stimulator and to manage anesthesia with attention to
postoperative complications. Especially, early detection of
postoperative hemorrhage occurring due to inadequate

hemostasis is important, as it can be life-threatening if the
patient develops a hematoma after returning to the ward.
Te amnesic efect of remimazolam also proved to be useful
in addressing the psychological aspects associated with the
reoperation. We present the successful anesthesia man-
agement of thyroid surgery using remimazolam and
fumazenil.
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Figure 1:Te anesthetic record. SBP: systolic blood pressure, DBP: diastolic blood pressure, HR: heart rate. X: start and end of anesthesia, T:
intubation, E: extubation, double circle: start and end of surgery.
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