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Abstract

Purpose The main aim of this study was to compare the
onset times of rocuronium evaluated subjectively and by
acceleromyography at the masseter muscle (MM).
Methods Forty female patients were sequentially enrolled
in this study. In the first 20 patients, neuromuscular block
was evaluated subjectively. After induction of anesthesia
with fentanyl and propofol, both the left masseter and ulnar
nerves were stimulated in 2-Hz train-of-four (TOF) mode
using peripheral nerve stimulators. Contractions of the MM
were felt with an anesthesiologist’s left hand holding an
anesthesia facemask; those of the adductor pollicis (APM)
were visually observed. All the patients received a bolus of
rocuronium, 0.6 mg/kg. Onset times after rocuronium were
defined as the duration until the contractions became
impalpable at the MM or invisible at the APM. At the time
contraction of the MM had not been felt, intubating con-
ditions were assessed. In the next 20 patients, contractions
of the MM and the APM were concurrently quantified
using acceleromyography after induction of anesthesia and
laryngeal mask insertion. Following 0.6 mg/kg rocuroni-
um, onset of the action was recorded.

Results Onset of the action of rocuronium at the MM
evaluated subjectively [mean (SD), 70.3 (17.7) s] was
similar to that monitored acceleromyographically [73.3
(27.6) s, P > 0.05], and significantly shorter than that at
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the APM acceleromyographically [111.0 (34.8) s, P =
0.016]. Intubating conditions of 20 patients were graded
either excellent or good.

Conclusion Subjective evaluation of contractions of the
MM by an anesthesiologist’s hand may be reliable to
determine faster timing for safe tracheal intubation.

Keywords Masseter muscle - Rocuronium -
Neuromuscular block - Tracheal intubation

Introduction

The time course of neuromuscular block is generally
evaluated at the adductor pollicis muscle (APM). However,
the onset of neuromuscular block is much slower at the
APM than at the larynx [1], diaphragm [2], and masseter
muscle (MM) [3-5]. It is therefore suggested that neuro-
muscular block at the APM cannot ensure faster timing of
tracheal intubation during rapid sequence induction. Intu-
bating conditions should be evaluated by relaxation of the
respiratory muscles, specifically by ease of laryngoscopy,
vocal cord position, and patient’s reaction to intubation [6].
However, direct measurements of neuromuscular block
in the larynx and diaphragm are not easy in clinical anes-
thesia. We previously reported that disappearance of con-
tractions of the MM could be felt subjectively and easily
with an anesthesiologist’s hand following an injection
of vecuronium and could ensure safe and faster timing of
tracheal intubation [5]. However, because the MM con-
tractions were only sensed by an anesthesiologist’s hand, it
was undeniable that the results of the previous study might
include some evaluator bias. A further objective study was
warranted to establish reliability of the previous results.
The main purpose of this study was to compare onset times
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Table 1 Evaluation of intubating conditions [7]

Variable assessed Excellent Good Poor
Laryngoscopy Easy Fair Difficult

Vocal cord position Abducted Intermediate/moving Closed
Diaphragmatic movement or cough after tracheal intubation None Slight Vigorous/sustained

Excellent all qualities are excellent, good all qualities are either excellent or good, poor the presence of a single quality listed under poor

of rocuronium at the MM evaluated by tactile means and
acceleromyography and to determine whether subjective
monitoring was useful to determine onset of rocuronium-
induced neuromuscular block and allow faster tracheal
intubation.

Materials and methods

After approval of the protocol by the Hospital Ethics
Committee on Human Rights in Research, 40 adult female
patients consented to participate in this study. Patients were
ASA physical status I or II, 23-47 years of age, undergoing
elective gynecological surgery. None of the patients had
neuromuscular, hepatic, or renal disorders or were taking
any drug known to interact with neuromuscular blocking
agents. Patients whose body mass index (BMI) was >25 or
<18.5 were also excluded from the study. Premedication
consisted of orally administered ranitidine 150 mg before
going to bed on the day before surgery and in the morning
of the day of surgery. On arrival at the operating room, all
patients were monitored with ECG, noninvasive blood
pressure, and pulse oximetry. The first 20 patients were
assigned to evaluate the onset of rocuronium-induced
neuromuscular block at the MM and APM subjectively
using peripheral nerve stimulators. Surface-stimulating
electrodes were attached percutaneously on the left ulnar
nerve at the wrist and the left masseter nerve at the space
formed by the zygomatic arch superiorly the mandibular
notch inferiorly, and two peripheral nerve stimulators
(Innervator NS-252; Fisher & Paykel Electronics, Auck-
land, New Zealand) were used to separately stimulate the
ulnar and masseter nerves [5]. General anesthesia was
induced with fentanyl 2 pg/kg and propofol 2 mg/kg while
patients received 100% oxygen through an anesthesia
facemask. After loss of consciousness, the nerves were
concurrently stimulated with square-wave stimuli of
0.2-ms duration, delivered in a train-of-four (TOF) mode at
2 Hz every 12 s. For the ulnar nerve, output current of
50 mA was applied; however, 30 mA was used to stimu-
late the masseter nerve to avoid stimulation of other facial
muscles and direct stimulation of the MM [6]. Contractions
of the MM were palpated with an anesthesiologist’s left
palm lifting the patient’s jaw and holding an anesthesia
facemask [5], and contractions of the APM was visually

observed by another evaluator. Then, the patients received
an i.v. bolus dose of rocuronium, 0.6 mg/kg. The onset
time at the MM was defined as the duration until the
contracting response of the MM was become impalpable,
and that at the APM was defined as the duration until
adduction of the thumb could not be visually observed.
Immediately after the onset at the MM was confirmed, the
patient’s trachea was intubated with a 7.0-mm-ID endo-
tracheal tube (Portex Tracheal Tube; Smiths Medical
International, Kent, UK) and the intubating conditions
(Table 1) [7] were assessed.

The next 20 patients were allocated to monitor rocuro-
nium-induced neuromuscular block acceleromyographi-
cally. Anesthesia was induced with fentanyl 2 pg/kg and
propofol 2 mg/kg, and laryngeal mask insertion was
accomplished without aid of neuromuscular blocking
agents. Anesthesia was maintained by a continuous infu-
sion of propofol 4-5 mg/kg/h and intermittent administra-
tions of fentanyl as required. After a stable depth of
anesthesia was obtained, the left ulnar and masseter nerves
were stimulated with square-wave stimuli of 0.2-ms dura-
tion, which was delivered in a TOF mode at 2 Hz every
15 s. The left ulnar nerve was stimulated at the supra-
maximal current (range, 40-50 mA); the unilateral facial
nerve was stimulated at a current of 30 mA. Contraction of
the ipsilateral MM (Fig. 1) or APM was measured using an
acceleromyograph (TOF-Watch SX; Organon, Dublin,
Ireland). A transducer was attached percutaneously on the
masseter adherent to the mandible and the volar aspect of
the thumb at the interpharyngeal joint. After the control
TOF stimuli were administered for a minimum of 10 min
to stabilize the TOF responses [8], all the patients received
rocuronium 0.6 mg/kg i.v., and onset of the action was
recorded. Onset time was defined from the administration
of rocuronium to maximum depression of the first twitch
(Ty) of the TOF. Times from administration of rocuronium
to spontaneous recovery of T; to 10% of the control value
were observed.

The sample size was calculated based on the preliminary
data on an averaged onset time of rocuronium 0.6 mg/kg
observed at the MM (75 & 12 s). We considered a 20%
difference (>15 s) in the onset times measured by tactile
and acceleromyographical means at the MM to be clini-
cally different. To obtain statistically significant results
with o = 0.05 and a power of 0.9, it was necessary that
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Fig. 1 Placement of surface electrodes stimulating the masseter
nerve and an acceleration transducer measuring the contraction of the
masseter muscle

15 patients should be included in this study. Allowing for
dropouts from the study, we finally enrolled 20 patients.
Data are presented as mean (SD). Statistical analysis was
performed using StatView software for Windows (SAS
Institute, Cary, NC, USA). The unpaired Student ¢ test was
used for two group comparisons. A P value <0.05 was
considered statistically significant.

Results

Data from all 40 patients could be included in the analyses.
No differences were found in patient characteristics
between the groups (Table 2). There was no difference
between the onset times of rocuronium observed subjec-
tively and acceleromyographically at both MM and APM
(Table 3). Onset of the action of rocuronium obtained at
the MM was significantly faster than those at the APM
(Table 3). When evaluating the rocuronium-induced neu-
romuscular block subjectively, the intubating condition
was graded excellent in 12 patients and good in 8§ patients;
none of the patients had poor intubating condition. In the
group AMG, the time from an administration of rocuroni-
um to spontaneously recover to 10% of control of T was

Table 2 Patient characteristics

Characteristic Subjective evaluation Acceleromyography
Age (years) 39.2 (7.1) 41.1 (8.4)
Weight (kg) 51.0 (7.3) 53.4 (6.0
Height (cm) 156.0 (4.7) 156.9 (5.4)

Data are presented as mean (SD); no significant differences were seen
between the groups

@ Springer

Table 3 Onset of the action of rocuronium 0.6 mg/kg

Location Subjective evaluation Acceleromyography
Masseter 70.3 (17.7)* 73.3 (27.6)*
Adductor pollicis 143.3 (29.5) 111.0 (34.8)

Data are presented as mean (SD); no significant differences were seen
between the groups

* P < 0.0001 when compared between the muscles

# P = 0.016 when compared between the muscles

significantly shorter in the MM [25.4 (8.2) min, P = 0.045]
than the APM [34.6 (10.8)].

Discussion

This study demonstrated that the onset time of rocuronium-
induced neuromuscular block evaluated subjectively did
not differ from that monitored acceleromyographically at
the MM. Intubating conditions when contractions of the
MM had not been felt by an evaluator’s hand were all
graded as clinically acceptable conditions. Based on the
results of this studys, it is likely that subjective evaluation of
contractions of the MM during the masseter nerve stimu-
lation is a reliable method to know the onset of rocuroni-
um-induced neuromuscular block and enable faster and
safe tracheal intubation. Particularly in a patient with a full
stomach, monitoring of the MM contraction during rapid
sequence induction may be useful to hasten the timing of
tracheal intubation and decrease the risk of pulmonary
aspiration.

Previous studies [3, 4] revealed that the onset of rocu-
ronium-induced neuromuscular block occurred signifi-
cantly faster at the MM than at the APM. Unfortunately,
the acceleromyographic monitoring was performed in such
studies during a steady state of general anesthesia after
laryngeal mask insertion [3] or tracheal intubation [4]. It
was true that the results of the previous studies could
provide some meaningful information about pharmacody-
namic differences of rocuronium between the MM and
APM. However, the studies were not really sufficient to
apply the acceleromyography at the MM in the clinical
setting. The important characteristic of rapid onset of
paralysis at the MM should be utilized during induction of
general anesthesia to assess the optimal timing for tracheal
intubation; however, it is hard to monitor the MM objec-
tively because an acceleration transducer cannot correctly
assess the jaw movement during mask-to-face ventilation.
Consequently, to perform MM monitoring in the clinical
setting, we palpated contractions of the MM evoked by a
simple peripheral nerve stimulator during mask ventilation,
and subjectively assessed the onset of paralysis based on
the disappearance of contractions [5]. Concern was greatest
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for some bias of the evaluator in the previous study, but it
is deniable because the onset times of rocuronium evalu-
ated subjectively and acceleromyographically were similar.
This procedure was proven to be of clinical use for deter-
mining the earliest suitable time at which laryngoscopy and
tracheal intubation could be performed.

Our study has a limitation that must be acknowledged.
Ideally, the TOF stimuli should be delivered in the same
stimulation frequency when the onset times of neuromus-
cular block would be compared because a faster stimula-
tion frequency greatly increases blood flow to the
monitored muscle and should produce a shorter equilibra-
tion of rocuronium [9]. Therefore, the onset of the action of
rocuronium observed subjectively might cause minor
delays if the nerves were stimulated every 15 s.

Paralysis of the MM was significantly faster than that of
the APM. The faster onset of the action of rocuronium at
the MM may be caused by the large volume of blood flow
to the centrally located muscles [3] and the faster transfer
rate of neuromuscular blocking drugs between the plasma
and the neuromuscular junction [10]. The shorter duration
of action of rocuronium measured at the MM may also
result from greater perfusion and more rapid washout of
rocuronium, when compared to the APM [11].

In the present study, we did not assign the patients
randomly, and at first evaluated the onset time of rocuro-
nium subjectively. If the acceleromyographical study were
to be done first, it is likely that the results might be prej-
udicial for an evaluator and influence the onset time
subjectively evaluated from diminishing contractions of the
MM.

In conclusion, tactile assessment of muscle paralysis of
the MM after administration of rocuronium enables faster
tracheal intubation and may improve patient safety.
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