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Abbreviations
TOF	� Train-of-four
RoCE	� Rocuronium effect-site concentration

To the editor:
Monitoring the effects of muscle relaxants during anes-

thesia is clinically important to prevent adverse events [1], 
and is strongly recommended by clinical guidelines [2, 3]. 
Recently, electromyography-based neuromuscular monitors 
have become widely used in the clinical setting in Japan. 
This type of monitoring can be affected by various factors 
such as electrical noise conducted through the body. Thun-
derbeat (Olympus Medical Systems Corp., Tokyo, Japan) is 
a type of surgical scissors that can be used to perform both 
sealing and incision of vessels by simultaneously delivering 
bipolar and ultrasound energy. We herein report a case in 
which an erroneous train-of-four (TOF) count was displayed 
on a muscle relaxation monitor during surgery using Thun-
derbeat, although adequate muscle relaxation was achieved. 
Pharmacokinetic simulation of rocuronium was useful in 
discovering the error in the display.

A 52-year-old woman (body weight, 60  kg; height, 
153 cm) with a history of depression was scheduled for 
laparoscopic hysterectomy. Before induction of anesthesia, 

a disposable electromyogram electrode (NM-345Y, Nihon 
Kohden, Tokyo, Japan) was placed on the right arm accord-
ing to the manufacturer’s instructions. Standard vital 
signs were monitored with an integrated monitoring sys-
tem (Lifescopre, Nihon Kohden). General anesthesia was 
induced with propofol 80 mg and fentanyl 0.1 mg. After 
calibration, intermittent monitoring of muscle relaxation 
was started using an electromyography-based neuromuscular 
monitor (AF-201P, Nihon Koden), followed by administra-
tion of rocuronium 50 mg. Anesthesia was maintained with 
sevoflurane and remifentanil. Ultrasound-guided transversus 
abdominis plane and rectus sheath blocks were performed. 
The patient was placed in the lithotomy position. During 
surgery, 104 min after rocuronimum administration an addi-
tional 10 mg of rocuronium was administered as the TOF 
count increased from 0 to 1. This response occurred when 
the simulated rocuronium effect-site concentration (RoCE), 
calculated using the Szenohradszky model [4] was 0.7 µg/
mL. The TOF count subsequently returned to 0. In addi-
tion, 10 min later, the TOF count increased again to 1 while 
an incision was being made in the vagina. At that time, 
the RoCE was 1.7 µg/mL, which was considered too high 
for the TOF count to increase considering the previously 
recorded relationship between RoCE and muscle relaxation 
effect. When the Thunderbeat was activated (setting: Seal 
& Cut Level 1) during the TOF stimulation, the attending 
anesthesiologist observed that the stimulation response was 
interpreted as a myoelectric response. Consequently, the 
TOF count was displayed as 1 (Panel A in Fig. 1). When the 
Thunderbeat was not active, the TOF count was 0 (Panel B 
in Fig. 1). The patient’s right arm was positioned parallel 
to her body, ensuring it remained uncompressed beneath 
the drapes. When the information window for the muscle 
relaxation monitor was opened, the monitor indicated that 
the signal was noise. (red arrow in Panel A). However, even 
when the window was closed, the TOF count persisted on 
the integrated monitor screen without the information that 
it was contaminated with noise while the Thunderbeat was 
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in use (Panel C in Fig. 1), and this data was also transmitted 
to, and recorded in, the electronic anesthesia record. Sub-
sequently, the stage of the surgery that required the Thun-
derbeat was completed. Fifty-six minutes after the second 
administration of rocuronium, the TOF count increased from 
0 to 1, when the RoCE was 0.7 µg/mL. Twenty-two min-
utes later, the surgery was finished without any problems. 
The muscle relaxant effect was antagonized with 120 mg of 

sugammadex, and the patient successfully recovered from 
anesthesia. There were no anesthesia-related complications.

In the present case, there were no malfunctions in any 
of the devices used; however, the electromyography-
based neuromuscular monitor detected noise although the 
electrode site was distant from where the Thunderbeat 
was used. The noise detection information is not displayed 
on the default screen (Panel C in Fig. 1); it can only be 
confirmed by actively opening the pop-up window (Panels 
A, B in Fig. 1). Therefore, there must be a trigger to suspect 
that the TOF count might be abnormal; in the present case, 
the pharmacokinetic simulation served as that trigger. 
If activation of the Thunderbeat and the increase in TOF 
count occur simultaneously, it is necessary to check the 
pop-up window, where the noise detection is displayed. It is 
advisable to repeat TOF measurement when the Thunderbeat 
is not activated. By monitoring muscle relaxation and 
observing the time course with RoCE along with its 
corresponding muscle relaxation effect, we were able to 
avoid unnecessary additional administration of rocuronium. 
This was achieved by not relying solely on the erroneously 
displayed TOF counts.

In the present case, even though rocuronium was 
administered correctly and showed sufficient muscle 
relaxation effects, the TOF count increased due to noise. 
Conversely, if rocuronium is not properly administered 
intravenously, possibly due to spillage or accidental 
extravascular administration, the TOF count is expected 
to increase despite a high simulated RoCE, indicating 
insufficient muscle relaxation. In this scenario, in addition 
to pharmacokinetic simulation, confirmation that the 
TOF measurement is not affected by electrical noise 
would become a key piece of information to indicate 
that rocuronium was not administered intravenously 
correctly. Thus, anesthesiologists must be aware that the 
values displayed on the monitor may be incorrect in some 
situations.

The combination of AF-201P and NM-345Y can 
be affected by the use of the Thunderbeat. To assess the 
reliability of displayed values, simulation of the effect-site 
concentration of muscle relaxants is effective.

For this case report, written informed consent was 
obtained from the patient.
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Fig. 1   A Integrated monitor screen with a pop-up window display-
ing muscle relaxation monitor data. Although noise is detected (red 
arrow), the TOF count is 1 (yellow arrow). B When the Thunderbeat 
is turned off, the TOF count returns to 0 (yellow arrow). C Default 
screen of the monitor, displaying the erroneous TOF count (yellow 
arrow). There is no indication of the potential effect of the noise on 
the screen
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