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Clinical reports

Comparison of the effects of neuroleptanesthesia and enflurane or
sevoflurane anesthesia on neuromuscular blockade by rocuronium
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Materials and methods

Forty-five unpremedicated ASA class I or II patients
scheduled to undergo either orthopedic or ear, nose,
and throat surgery under general anesthesia with an
anticipated duration of approximately 1.5–3 h were en-
rolled in this study after approval of the hospital ethics
committee and written informed consent from the pa-
tients had been obtained. All patients were free from
neuromuscular, endocrine, liver, or renal diseases and
were not receiving drugs known to interact with neuro-
muscular blocking agents. They required muscle relax-
ation only for endotracheal intubation.

An intravenous infusion of 0.9% sodium chloride so-
lution was given initially via the basilic vein on one of
the arms, while the other arm was kept for monitoring
neuromuscular block. The heart rate (HR), mean arte-
rial pressure (MAP), peripheral oxygen saturation
(SpO2) (Odam Physiogard SM 785, Wissenbourg,
France), and end-tidal concentrations of CO2 and
volatile anesthetics (Artema MM 256, Sundbyberg,
Sweden) were monitored. Each patient was allocated
to one of three groups: enflurane (group E, n � 15),
sevoflurane (group S, n � 15), and neuroleptanesthesia
(group NA, n � 15). The induction of anesthesia was
performed with i.v. fentanyl 2 µg · kg�1 and thiopentone
5–7 mg·kg�1, followed by a volatile anesthetic, either
enflurane or sevoflurane, with assisted ventilation by
mask in groups E and S, respectively. The volatile
anesthetics (enflurane or sevoflurane) were admini-
stered in 66%/33% : nitrous oxide/oxygen at the end-
tidal concentration corresponding to 1 minimum
alveolar concentration (MAC) in the present study.
One MAC of enflurane and sevoflurane was assumed to
be 0.57% and 0.66% in approximately 66% nitrous
oxide, respectively [13]. In group NA, anesthesia was
induced with i.v. droperidol 0.2mg · kg�1, fentanyl 5µg ·
kg�1, and thiopentone 1–2mg · kg�1 during inhalation of
66%/33% : N2O/O2. Stable end-tidal anesthetic concen-
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Introduction

Neuromuscular blocking agents are administered to fa-
cilitate endotracheal intubation for a variety of surgical
procedures. The durations of their relaxing effects
can be altered with different anesthesia regimens, such
as inhalational anesthesia (halothane, enflurane, iso-
flurane, or sevoflurane), total intravenous anesthesia
(TIVA), or neuroleptanesthesia [1–3].

Rocuronium is a steroidal, nondepolarizing muscle
relaxant with an intermediate onset of action lacking
histamine-releasing and cardiovascular effects [4,5]. It
has been reported that muscle paralysis by rocuronium
(Org 9426) is potentiated during enflurane anesthesia as
compared with TIVA or balanced anesthesia [6,7].
Sevoflurane, a widely used volatile anesthetic agent
possessing rapid and smooth induction and recovery
characteristics, has been demonstrated to potentiate
vecuronium- and rocuronium-induced neuromuscular
blockade compared with balanced anesthesia using
propofol or midazolam [8–11]. Not only was the neuro-
muscular blocking action of rocuronium significantly
potentiated, but also the duration of action of, and the
recovery from, rocuronium were significantly prolonged
by sevoflurane [12]. In the present study, we compared
the effect of enflurane or sevoflurane on neuromuscular
blockade by a single bolus dose of rocuronium
0.6 mg·kg�1 in comparison with the effect of
neuroleptanesthesia.
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trations were maintained for at least 10min before
administration of i.v. rocuronium 0.6mg · kg�1 (2�ED95)
[14]. End-tidal CO2 was kept between 35 and 40mmHg
throughout the operation.

Neuromuscular blockade was monitored by an elec-
tromyograph (Datex Relaxograph NMT 100, Helsinki,
Finland) following immobilization of the hand and fore-
arm in abduction on a splint with the fingers fixed in
extension. The arm was wrapped with cotton to prevent
the temperature of the thenar muscle from decreasing
to below 32°C. Following calibration, the electromyo-
graphic response of the thenar muscle to stimulation
of 70mA every 10 s was recorded. Then, the ulnar nerve
was stimulated transcutaneously at the wrist via surface
electrodes. Supramaximal stimuli of 2ms duration at
2Hz were delivered every 10 s in a train-of-four (TOF)
mode until the end of the study. The first twitch of
the TOF was considered as the twitch height (T1). En-
dotracheal intubation was performed when a T1 value
of 0% was achieved. T1 (0%, 5%, 25%, 75%, and 95%)
and TOF (25%, 50%, and 75%) values were displayed
and recorded. Spontaneous recovery of TOF to 75%
(TOF75) and 95% (TOF95) was evaluated. The onset
time (time from administration of the intubating dose to
the development of maximum depression of the T1
value to 0%) and clinical duration (time from adminis-
tration of the intubating dose to 25% recovery of T1)
were assessed as previously described [15]. The total
duration (time from administration of the intubating
dose to 95% recovery of T1) and recovery index (time
from 25% to 75% recovery of T1) were determined.

The results were expressed as means � SD. Statistical
analysis of the data was performed by the Friedman test
within groups, and the �2 and Kruskall–Wallis tests were
used among groups. To detect significance for the Fried-
man test, all treatments compared to control were ex-
amined by the post hoc test suggested by Wolson [16]. P
values less than 0.05 were considered to indicate statis-
tical significance.

Results and discussion

The three groups of patients were comparable with re-
spect to sex, age, weight, and height (Table 1).

The hemodynamic parameters (HR and MAP)
showed significant changes during anesthesia, possibly

resulting from the type of anesthesia, which were within
the acceptable clinical limits in all groups.

The onset times in groups NA, E, and S were 96.47 �
16.15, 102.53 � 25.44, and 90.67 � 21.07 s, respectively,
which were indicated in terms of minutes as T1 0% in
Fig. 1A. There were no significant differences among
them.

Many studies have demonstrated that with different
muscle relaxants, volatile anesthetics do not alter the
dose requirements for endotracheal intubation and an-
esthesia induction and the resulting onset time, but
may prolong the clinical duration and recovery times
[1,2,6,11,17–19]. In daily practice, muscle relaxants are
administered before or simultaneously with the start of
inhalation anesthetics. Therefore, equilibration of the
inhalation anesthetic is not present at this point and the
onset time is unaffected, but potentiation is apparent
during 25% recovery of twitch height by most of the
volatile anaesthetics. In the present study, the onset
time of rocuronium was unaffected by inhalation of
enflurane or sevoflurane compared with neurolep-
tanesthesia, even if the muscle relaxants were given
under the stable end-tidal concentration.

These resuts are in accordance with those of other
recent studies [5,12,20–22], which showed no significant
differences in the onset times of rocuronium under vola-
tile anesthetics. In our study, the shortest onset time
(90.67s) was observed in the sevoflurane group. Lowry
et al. [23] reported that the average time for the onset of
block following rocuronium 0.6mg · kg�1 under sevo-
flurane anesthesia was 89s. We performed endotracheal
intubation when the T1 value reached 0%, and this time
was found to be longer than the recommended intuba-
tion times for rocuronium in all groups. Therefore, the
intubation conditions of the present study were evalu-
ated as excellent according to Fahey scoring in all
groups [15].

In the present study, the prolonging effect of sevo-
flurane on rocuronium started from 5% of twitch height
recovery, whereas it became evident at 25% recovery of
twitch height with enflurane. In group S, the spontane-
ous recovery time of the first twitch response to 5% was
significantly longer (40.73 � 11.20 min) than in groups E
and NA (29.20 � 5.66 and 23.33 � 4.65 min, respec-
tively). This might be due to its smaller muscle–gas
partition coefficient as compared with enflurane, which
allows earlier uptake into the muscle compartment.

Table 1. Demographic data on the patients (means � SD)

Characteristic Group NA (n � 15) Group E (n � 15) Group S (n � 15)

Sex (Male/Female) 4/11 4/11 4/11
Age (yr) 53 � 9 52 � 11 50 � 17
Weight (kg) 70 � 7 69 � 10 71 � 8
Height (cm) 168 � 6 165 � 8 167 � 6
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Potentiation of neuromuscular block by volatile anes-
thetics is a well-known phenomenon, which is usually
not evident on induction but becomes significant as
anesthesia becomes more prolonged [5]. Interaction
of rocuronium with volatile anesthetics (desflurane,
isoflurane, and sevoflurane) resulted in augmentation of
the intensity of neuromuscular blockade but did not
result in a significant effect on duration or recovery
from the block, and this effect was seen in only one
study that compared the interaction of rocuronium with
volatile anesthetics [12]. Bock et al. [24] found that the
infusion rate of rocuronium was reduced by 30%–40%

during isoflurane, desflurane, and sevoflurane anesthe-
sia compared with propofol, and that the recovery index
was longest (28 � 13 min) with sevoflurane.

In the present study, recovery times of 25%, 75%,
and 95% of control twitch height (T1) were prolonged
by either enflurane or sevoflurane anesthesia. The re-
covery indexes (the time in minutes required for 25%–
75% recovery of T1) in groups E and S (23.93 � 4.79
and 26.87 � 6.39min, respectively) were significantly
longer than that in group NA (15.53 � 1.92min) (Fig.
1A). The longest recovery index for sevoflurane was
consistent with the results of Bock et al. [24]. Similarly,

Fig. 1. A 0% (onset time), 5%,
25% (clinical duration), 75%,
and 95% (total duration) reco-
very of T1 of the groups (*P �
0.05 vs group NA). B Distribu-
tion of 25%, 50%, and 75%
recovery of train-of-form (TOF)
values with respect to groups
(*P � 0.05 vs group NA)

A

B
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25% and 75% recovery times of TOF were significantly
longer in groups E and S than in group NA (45.07% �
8.96% and 61.93% � 9.69%), as shown in Fig. 1B. In
this regard, the results with enflurane and sevoflurane
were not significantly different.

The neuromuscular blocking action and pharmacody-
namic profile of rocuronium were significantly altered
during inhalation anesthesia. Shanks et al. [7] found that
there was a 40% reduction in the dose requirements of
rocuronium during enflurane and isoflurane anesthesia,
and Xue et al. [11] concluded that there were significant
increases in the duration of the peak effect (recovery of
T1 to 5%), clinical and total duration, and recovery
index during sevoflurane anesthesia. We found similar
results by comparing both enflurne and sevoflurane in
the present study. In parallel with our study, the
rocuronium infusion rate required to maintain stable
90%–99% T1 depression was reduced by approximately
20% with halothane and isoflurane anesthesia, and by
50% with sevoflurane anesthesia, when compared with
fentanyl–nitrous oxide anesthesia [25].

In conclusion, the clinical and total duration times of
rocuronium were prolonged by both sevoflurane and
enflurane as compared with neuroleptanesthesia, but
the potentiating effect of sevoflurane on rocuronium-
induced neuromuscular blockade started from the 5%
recovery of T1 when compared with either neurolep-
tanesthesia or enflurane. Therefore, meticulous atten-
tion should be paid to the monitoring of neuromuscular
transmission during sevoflurane inhalation to avoid
rocuronium overdose.
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