Comparison of two electromyography-based
neuromuscular monitors, AF-201P and TetraGraph, in
rocuronium-induced neuromuscular block: A prospective

comparative study

e R
HREEE 20 2 24F
BEHE R FiE



Anaesth Crit Care Pain Med 41 (2022) 101145

Anaesthesia Critical Care & Pain Medicine

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com BsmR

Original Article

Comparison of two electromyography-based neuromuscular monitors, N

Check for

AF-201P and TetraGraph, in rocuronium-induced neuromuscular
block: A prospective comparative study

Hanae Sato °, Hajime Iwasaki **, Akira Doshu-Kajiura ¢, Seidai Katagiri ¢, Shunichi Takagi ¢,
Sarah Kyuragi Luthe ®, Takahiro Suzuki®

2 Department of Anesthesiology, Nihon University School of Medicine, 30-1 Oyaguchi, Kamicho, Itabashi-Ku, Tokyo 173-8610, Japan
b Department of Anesthesia, Indiana University School of Medicine, 1130 W. Michigan St., Fesler Hall 204, Indianapolis, IN 46202, USA

ARTICLE INFO

Article history:
Available online 31 August 2022

Keywords:

AF-201P

Electromyography
Neuromuscular monitoring
Rocuronium

TetraGraph

1. Introduction

ABSTRACT

Background: The study aimed to compare the responses obtained simultaneously from the newly
developed electromyography (EMG)-based neuromuscular monitors, AF-201P and TetraGraph™, during
rocuronium-induced neuromuscular block.
Methods: Twenty patients were enrolled in this study. During total intravenous general anesthesia, train-
of-four (TOF) responses following 0.9-mg/kg-rocuronium administration were monitored at the
abductor digiti minimi muscle with AF-201P and TetraGraph on the contralateral arms. Sugammadex
2 mg/kg was administered when both devices showed TOF counts (TOFC) = 2. The primary outcome was
time from rocuronium administration to the first appearance of the post-tetanic count (PTC) response
(first PTC). The secondary outcomes were supramaximal current, baseline compound muscle action
potential, onset time, time to TOFC = 1, time to TOFC = 2, and time from sugammadex administration to
TOF ratio > 0.9. We used the paired t-test and Wilcoxon signed-rank test to analyze parametric and non-
parametric data, respectively. P < 0.05 defined statistical significance.
Results: A total of 19 patients were analyzed. The supramaximal current was significantly lower with AF-
201P than TetraGraph (31.7 + 13.2 vs. 43.2 4+ 8.2, p= .002). The time to first PTC (249 + 9.4 vs.
27.3 £ 8.9 min, p =.026), time to TOFC = 1 (42.3 & 9.0 vs. 45.1 & 10.4 min, p = .03), and time to TOFC = 2
(52.0 + 10.5 vs. 54.6 & 11.7 min, p = .014) were significantly faster with AF-201P than with TetraGraph.
There were no significant differences in the other outcomes between the devices.
Conclusions: AF-201P showed faster recovery of rocuronium-induced neuromuscular block compared
with TetraGraph.
© 2022 Société francaise d’anesthésie et de réanimation (Sfar). Published by Elsevier Masson SAS. All
rights reserved.

Not all electromyography (EMG) monitors produce reliable
results [3]. However, a properly functioning EMG monitor is

Acceleromyography (AMG) has been used to objectively assess
neuromuscular function for many years. However, it is limited by
the need for normalization of the results to obtain a reliable
measurement, since the baseline train-of-four (TOF) ratio often
exceeds 100%, which is termed as “reverse fade” [1,2]. Although
AMG results may be similar to mechanomyography (MMG) under
some circumstances, under other circumstances there are signifi-
cant differences; for this reason, AMG and MMG results should not
be considered to be interchangeable [1].
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considered by some experts to be the best alternative for routine
neuromuscular monitoring [2,4]. In recent years, several manu-
facturers have introduced new EMG-based neuromuscular moni-
tors [4-9]. AF-201P (Nihon-Kohden, Inc., Tokyo, Japan) and
TetraGraph™ (Senzime, Uppsala, Sweden) are clinically available
EMG-based neuromuscular monitors that evoke and measure
muscle compound action potentials via a single-use stimulating
and sensing electrode. According to comparative studies between
AMG and the two EMGs, AMG showed significantly faster recovery
than TetraGraph [4,6,8], while AMG and AF-201P showed similar
recovery [7]. Based on our clinical experience and these previous
reports, we hypothesized that AF-201P would show faster recovery
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from the neuromuscular block as compared to TetraGraph. We,
therefore, aimed to compare the two new EMG-based neuromus-
cular monitors, AF-201P and TetraGraph, during recovery of
rocuronium-induced neuromuscular block.

2. Materials and methods
2.1. Study design

This study was approved by our Institutional Clinical Research
Ethics Committee on the 11" of June 2021 (RK-210608-5). The trial
was registered in the University Hospital Medical Information
Network on the 22" of June 2021 (registration number
UMIN000044624, principal investigator: Hanae Sato). Written
informed consent was obtained from all patients participating in
the study. The study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines.

2.2. Study population

Patients aged > 20 years old undergoing surgery under general
anesthesia were enrolled in the study. We excluded patients with
American Society of Anesthesiologists physical status class > IV, a
history of allergic reactions to neuromuscular blocking agents,
hepatic disorders, and neuromuscular disorders. Additionally,
patients receiving medications known to interfere with neuro-
muscular function were excluded.

2.3. Perioperative management

After arrival to the operating room, standard monitors
(electrocardiogram, non-invasive blood pressure, and pulse
oximetry) were applied to all patients. Intravenous access was
established on the forearm or in the dorsal venous network of the
hand. After preoxygenation, the patients were anesthetized using
total intravenous anesthesia with propofol, remifentanil, and
fentanyl, targeting a bispectral index of 40-50.

Anaesth Crit Care Pain Med 41 (2022) 101145
2.4. Neuromuscular management

AF-201P and TetraGraph were applied on contralateral arms
after induction of anesthesia and prior to rocuronium administra-
tion. The monitor’s location (dominant or non-dominant arm) was
at the discretion of the attending anesthesiologist.

AF-201P was first placed on one arm (Fig.1A), following which
TetraGraph was placed on the contralateral arm (Fig.1B). After
cleansing the skin where the sensor will be attached using alcohol
wipes, single-use surface electrodes for AF-201P (NM-345Y,
Nihon-Kohden, Inc.) and TetraGraph (TetraSens™, Senzime) were
placed to stimulate the ulnar nerve, with the sensing electrode
component being placed on the abductor digiti minimi (ADM)
muscle, according to the manufacturer’s instructions. Calibration
was performed after application of the device. TOF measurements
were repeated at intervals of 15 s and 20 s with the AF-201P and
TetraGraph, respectively.

After confirming stable baseline TOF responses for a few
minutes, the baseline TOF ratio was recorded and rocuronium
0.9 mg/kg was administered. Post tetanic count (PTC) stimulations
were performed every 6 min during a TOF count (TOFC) = 0. To
prevent acceleration of TOF recovery [10], PTC stimulation was
stopped once PTC responses appeared for each device. We
measured spontaneous recovery of the rocuronium-induced
neuromuscular block until three continuous TOF counts (TOFC) = 2
were observed with both devices. Additional doses of rocuronium
0.1 to 0.2 mg/kg were administered to maintain the TOFC < 2 if
necessary. At the end of the surgery, sugammadex 2 mg/kg was
administered when three continuous TOFCs = 2 were observed
with whichever device recovered later. TOF measurements were
discontinued after confirming complete recovery of neuromuscu-
lar function (when twitch heights of TOF were stable and no
further recovery was observed).

Intraoperatively, an upper body forced-air warming device
was used throughout the surgery to ensure that core and
peripheral temperatures were kept above 35 °C and 32 °C,
respectively, and end-tidal carbon dioxide values were maintai-
ned at 35-40 mmHg.

Fig. 1. Setup of the two devices for monitoring neuromuscular block at the abductor digiti minimi muscle. (A) AP-201P. (B) TetraGraph™.
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Table 1

Results of the primary and secondary outcomes of the study.
Outcomes AF-201P TetraGraph Mean difference 95% ClI P value
Supramaximal current (mA) 31.7 £13.2 432 + 8.2 114 4.86 to 48.0 .002
Baseline compound muscle action potential (mV) 119 £ 3.2 10.6 + 4.2 -1.3 -2.79 to 0.19 .083
Onset time (s) 83 (65-201) 81 (49-219) NA NA .83
Time to first PTC (min) 249 + 94 273+ 89 2.44 0.33 to 4.55 .026
Time to TOF count = 1 (min) 423 +£9.0 451 + 104 2.74 0.3-5.17 .03
Time to TOF counts = 2 (min) 52.0 + 10.5 54.6 +11.7 2.65 0.61 to 4.7 .014
Time to TOF ratio > 90% (s) 78.0 (36-197) 82.0 (43-184) NA NA 73

Results are expressed as mean =+ SD or median (range). We used the paired t-test for parametric data and Wilcoxon signed-rank test for non-parametric data.

Cl, confidence interval; NA, not applicable; TOF, train-of-four; PTC, post-tetanic count.

2.5. Outcomes of the study

The study’s primary outcome was time from administration of
rocuronium to the first appearance of the PTC response (first PTC).
The secondary outcomes were supramaximal current, baseline
compound action potential, time from administration of rocuro-
nium to TOFC = 0 (onset time), time from administration of
rocuronium to the first reappearance of TOFC =1 (time to
TOFC = 1), time from administration of rocuronium to the first
reappearance of TOFC = 2 (time to TOFC = 2), and time from
sugammadex administration to TOF ratio > 90%.

2.6. Sample size and statistical analysis

To estimate sample size, we used previous first PTC appearance
data of 25.4 + 8.6 min, which is the average + standard deviation
(SD) time for the first appearance of PTC following 0.6-mg/kg-
rocuronium administration [11]. We considered a 30% difference in
the first reappearance time (difference of approximately three cycles
of PTC stimulation) observed between the two monitors to be
clinically significant. To provide adequate power (80%) with an alpha
error of 5%, it was necessary to include 19 patients in this study. We
determined our sample size to be 20 patients in anticipation of
dropouts. Parametric and non-parametric data are expressed as
mean + SD and median (range), respectively.

We used the D’Agostino-Pearson omnibus test to determine
whether the data were normally distributed. The paired t-test was
used for parametric data and Wilcoxon signed-rank test was used
for non-parametric data, to analyze differences in outcomes
between the two devices. To assess the agreement between the
two devices, we used Bland-Altman analysis [12] and the biases
and limits of agreement for onset and recovery times were
calculated. All statistical analyses were performed using GraphPad
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Prism® version 7.03 (GraphPad Software, Inc., La Jolla, CA), and a P-
value of <.05 was considered statistically significant.

3. Results

A total of twenty patients (aged 22-59 years) were enrolled in
this study between June 2021 and November 2021. One patient
who progressed from PTC = 0 to TOFC = 1 within 6 min (during the
interval of PTC stimulation) was excluded from the analysis. Data
from 19 patients (females/males: 14/5) were included in the
analysis. Patients’ characteristics of age, weight and body mass
index were 35.3 + 11.9 years, 57.2 + 11.2 kg and 21.3 + 3.3 kg/m?,
respectively. The types of surgeries included oral surgery (n=11),
otolaryngology surgery (n =4), orthopedic surgery (n=3) and
gynecological surgery (n = 2). The median duration of surgery was
116.5 min (43-214).

Results of the primary and secondary outcomes of the study are
shown in Table 1. Recovery time from rocuronium administration
to the first PTC appearance (p = .026), TOFC=1 (p = .03),and TOFC
=2 (p = .014) were significantly faster with AF-201P than with
TetraGraph. There were no significant differences in onset and
recovery times from the administration of sugammadex to a TOF
ratio > 90% between AF-201P and TetraGraph. The supramaximal
current was significantly lower with AF-201P than TetraGraph
(p= .002). There were no significant differences in baseline
compound muscle action potentials between the devices.

Results of Bland-Altman analyses and scatter plot of individual
values are shown in Fig. 2. Bland-Altman analyses showed
acceptable ranges of limits of agreement (difference calculated
by AF-201P subtracted by TetraGraph) of the two devices. The
biases and limits of agreement [95% confidence interval] were
—3.7 + 36.8 [-75.8-68.3] for the onset, —2.4 + 4.4 [-11.0-6.1] for
the time to first PTC, —2.9 + 5.3 [-13.3-7.5] for the time to TOFC = 1,
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Fig. 2. Upper panel: Bland-Altman plot illustrating the differences (difference calculated by AF-201P subtracted by TetraGraph) of (A) onset time, (B) time to first post-tetanic
count (PTC) response, (C) time to train-of-four count (TOFC) = 1, (D) time to TOFC = 2, and (E) time to TOF ratio > 90% recovery time between the two devices. Solid horizontal
line represents the bias, and dotted horizontal lines represent the upper and lower limits of agreement with 95% confidence intervals. Lower panel: Scatter plot of individual

values. A linear regression slope of 1 is represented by a dotted line.
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—2.9 + 4.3 [-11.3-5.5] for the time to TOFC = 2, and -0.4 + 28.6
[-56.5-55.7] for the recovery time to TOF ratio > 90%, respectively.

4. Discussion

This comparative clinical trial found that AF-201P showed
significantly faster recovery than TetraGraph in all patients in
terms of the time to first PTC appearance, time to reappearance of
TOFC = 1, and time to TOFC = 2. A recent comparative study
between AF-201P and the conventional AMG-based monitor TOF-
Watch® SX demonstrated that AF-201P showed slightly faster
recovery than the TOF-Watch®™ SX during profound neuromuscu-
lar block [7]. On the other hand, comparative studies between
TetraGraph and TOF-Watch® SX demonstrated that the TOF-
Watch® SX overestimated recovery from neuromuscular block
compared with TetraGraph [4,8]. The results of these previous
studies are consistent with our results of faster recovery with AF-
201P than TetraGraph. However, the observed mean differences of
approximately 2.5 min in recovery time during profound and
moderate neuromuscular block between the two devices in our
study might not be clinically significant.

Although AF-201P and TetraGraph use the same electromyo-
graphic technologies, the devices have several differences. First,
TetraGraph has a fixed noise filter threshold of 1 mV [4], while AF-
201P has a default threshold of 0.7 mV. For AF-201P, the noise filter
threshold is configurable from 0.3 to 3.0 mV only when it is
connected to a specific display unit VA-201R (Nihon-Kohden, Inc.).
The lower detection threshold with AF-201P as compared to
TetraGraph might explain the significantly faster recovery during
profound and moderate neuromuscular block in our study.
However, management of noise is critical because if the noise
filter threshold is too low, the noise can be misinterpreted as a
correct muscle action potential. On the other hand, if the noise filter
reduction is too high, compound muscle action potentials might be
lost along with noise, causing the monitor to underestimate
twitches [13]. Therefore, we believe the noise filter should be set at
the threshold recommended by the manufacturer when using EMG.

Second, the calibration algorithm (setup of the supramaximal
stimulation current) is different between the devices. According to
manufacturer instructions of AF-201P, the calibration sequence starts
at 30 mA and increases or decreases the current by 3 mA until the
response does not show a more than 10% difference. It then sets the
supramaximal current 3 mA higher. In contrast, according to the
manufacturer instructions of TetraGraph, the calibration sequence
starts at 10 mA and increases the current in 5 mA increments. It then
sets the supramaximal current 20% higher than the current at which
the response does not increase by more than 10%. The difference in
the calibration sequence between the devices might explain the
significantly higher supramaximal current with TetraGraph than AF-
201P in our study. However, despite the difference in supramaximal
current between the two devices, there were no differences in
baseline compound muscle action potentials in our study.

Our study has several limitations. First, the two EMG monitors
used in our study have not been previously compared to MMG, which
is the “gold standard” of neuromuscular monitoring. Therefore, it is
impossible to know whether the differences in the results from the
two monitors are in the direction of being more correct or less correct.
Second, we only compared the two devices based on the time
required to reach a PTC = 1,a TOFC = 1, a TOFC = 2, and a TOF ratio >
0.9. We did not compare the devices at PTC > 1, at TOFC of 3 or 4, or at
TOF ratio less than 0.9. Therefore, our comparison of the performance
of the two devices is limited to specific points in time, rather than over
the full range of PTC, TOFC and TOF ratio. Third, the noise filter
threshold was different between the devices. Although the threshold
is configurable with AF-201P, we used the default threshold of
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0.7 mV, as clinicians typically do not change the threshold setting.
Further studies are required to confirm whether there is a difference
between the devices when the same noise filter threshold of 1 mV is
used. Forth, although we applied two monitors to the same patient,
the location of the devices was at the discretion of the attending
anesthesiologist and was not randomized to the dominant and non-
dominant arms. However, according to previous reports [14-16],
dominance/non-dominance and location of intravenous catheters and
non-invasive blood pressure cuffs do not affect measurements of
neuromuscular block. Finally, the two devices have different TOF
stimulation intervals. Although the repeat interval of AF-201P is
adjustable, we used the default setting of TOF stimulation interval
(AF-201P: 15 s and TetraGraph: 20 s), as clinicians are unlikely to
adjust the setting. This could potentially affect the results of onset and
reversal times. According to a previous study, longer TOF stimulation
intervals resulted in significantly slower onset times [17]. However,
since there were no significant differences in onset times between the
devices in our study, differences in TOF stimulation intervals might
have had little impact on our study outcomes.

5. Conclusions

In conclusion, AF-201P showed faster recovery of rocuronium-
induced neuromuscular block compared with TetraGraph in this
study. Although it is essential to understand the different
characteristics of these EMG-based monitors, the clinical signifi-
cance may be limited.
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