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We evaluated the neuromuscular effects of pipecuronium during
anesthesia with equipotent concentrations of either sevoflurane, isoflu-
rane or enflurane.

Twenty-seven patients scheduled for minor elective otolaryngeal or
plastic surgery were studied and randomly assigned to 3 groups, one
group per anesthetic agent. Anesthesia was induced with thiamylal 5
mg-kg J ' and the trachea was intubated with succinylcholine 1 mg·kg- 1 ,

then anesthesia was maintained with 60% nitrous oxide in oxygen and
sevolfurane, isoflurane or enflurane, depending on the group. Neu-
romuscular blocking effects were monitored by recording the elec-
tromyographic activity of the adductor pollicis muscle from supramax-
imal stimulation of the ulnar nerve at 10-s intervals. Pipecuronium 40
p,g.kg- 1 was administered when electromyographic activity had reached
a stable state, 30 min after succinylcholine administration. The maxi-
mum effect (% block of control) and clinical duration (time to 25% re-
covery) of pipecuronium were 99.1 ± 1.4% and 63.7 ± 14.7 min (mean
± S.D.) for sevoflurane, 99.0 ± 2.0% and 60.9 ± 20.5 min for isoflurane,
and 98.0 ± 2.5% and 62.8 ± 28.7 min for enflurane, respectively. There
were no significant differences in these values between the anesthet-
ics. Cardiovascular stimulant effects were not observed in any of the
groups.

We conclude that the effect of pipecuronium under seveflurane
anesthesia is similar to that under isoflurane and enflurane anesthesia.
(Key words: pipecuronium, nondepolarizing neuromuscular blockade,
twitch response, sevoflurane, isoflurane, enflurane).

(Nakao Y, Ohno M, Imai M, et al.: Neuromuscular effects of
pipecuronium during sevoflurane anesthesia compared with isoflurane
and enflurane anesthesia. J Anesth 7: 405-410, 1993)

Pipecuronium is a bisquaternary de-
rivative of pancuronium and a long-
acting nondepolarizing steroidal mus-
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cle relaxant similar to pancruonium-r'.
It has little or no cardiovascular and
histamine releasing effects", Enflurane
and isoflurane anesthesia prolong the
clinical duration of the neuromuscu-
lar blocking effects of pipecuroniumv " ,
while sevoflurane has a stronger po-
tentiation of the neuromuscular ef-
fects of vecuronium and pancuronium
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than halothane and enflurane". How-
ever, the effect of pipecuronium under
sevoflurane anesthesia has not been re-
ported. In this study, we examined the
effect of pipecuroriium under sevoflu-
rane anesthesia and compared it with
those under isoflurane and enflurane
anesthesia.

Methods

Institutional Human Ethics Com-
mittee approval was obtained for the
study protocol. Twenty-seven ASA
physical status 1 or 2 adult patients
(18 females and 9 males, 22-60 yr-old)
scheduled for elective otolaryngeal or
plastic minor surgery gave informed
written consent, and were admitted
to the study. Patients were excluded
from the study if they had known kid-
ney, liver, or neuromuscular disorders
or if they were taking any medication
known to interfere with the action of
neuromuscular blocking agents.
All patients were premedicated with

oral diazepam 0.15 mg-kg"! 90 min
before induction of anesthesia. The
patients wre randomly assigned into
three groups: sevoflurane (n=9); isoflu-
rane (n=9); and enflurane (n=9).
Anesthesia was induced with thiamylal
5 mg-kg"! IV and the trachea was in-
tubated with succinylcholine 1 mg-kg"!
IV, then anesthesia was maintained
with 60% nitrous oxide in oxygen and
inspired 1-4% sevoflurane, 1-3% isoflu-
rane or 1-3% enflurane, according to
the need of the patient until the end of
the surgical procedure.
In all patients electrocardiography,

blood pressure, heart rate were mon-
itored wtih Sirecust 1281 patients
monitoring system (Siemens, ErIan-
gen, Germany), and Sa02 by pulse-
oximetry, end-tidal CO2 and end-tidal
anesthetic concentration were moni-
tored with 5250 Respiratory Gas Mon-
itor (Ohmeda, Louis Ville, USA). Ven-
tilation was controlled to maintain
the end-tidal CO2 at 35-40 mmHg,

and body temperature were monitored
during anesthesia and was maintained
at 36-37°C with a warmer blanket.
After intubation, the eleetromyo-

graphic activity of the adductor pol-
licis muscle was monitored using
a Relaxograph™ (Datex, Helsinki,
Finland) neuromuscular transmission
monitor. Surface stimulation electrodes
were placed adjacent to the ulnar
nerve at the wrist and recording elec-
trodes were placed on the radial sur-
face of the palm. Supramaximal pulses
at the rate of 0.1 Hz were continuously
delivered through the stimulation elec-
trodes, and the twitch response was
monitored until the end of anesthesia.
After induction of anesthesia and

administration of succinylcholine, 30
min were allowed for stabilization of
anesthesia and of the twitch response
before pipecuronium (0.04 mg-kg"'
administration. Control eleetromyo-
graphic activity was established and
recorded just before pipecuronium ad-
rrrirrist.ranion. The maximum effect (%
block of control), onset t ime [from the
administration of pipecuronium to the
maximum effect) and clinical duration
(time to 25% recovery) were recorded
in all patients. In SOIIle cases, when
twitch response indicated 25% re-
covery, additional pipecuronium (0.01
mg-kg""] was administered. In most
patients, residual neuromuscular block
was antagonized with edrophonium 0.5
mgkg"! and atropine 8 Jig-kg -1, and
the mixture of neostigmine 40 flg-kg-1
and atropine 15 JJ,g-kg- 1 were added for
antagonization if needed.
All values are expressed as mean

± S.D. Statistical analyses were per~

formed by ANOVA, and P < 0.05 was
considered statistically significant.

Results

The average age, body weight and
height of the patients in the three
groups did not differ as shown in ta-
ble 1. Blood pressure and heart rate
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Table 1. Patients characteristics

scvoflurane isoflurane enflurane

n 9 9 9
Sex (I\I/F) 4/5 2/7 3/6
Age (yr ) 1.3,4 ± 12.3 38.7 ± 10.7 39.3 ± 12.7
'Weight (kg) 63.8 ± 9.9 56.0 ± 10.0 62.4 ± 11.6
Height (cm) 102.0 :t 6.7 157.7 ± 10.4 162.6 ± 8.8

mean ± SD

Table 2. Changes of blood pressure and heart rate before
and 5 min after administration of pipecuronium

Before 5 min

Sevoflurane
Systolic blood pressure (mmHg) 103 ± 9 104 ± 13
Diastolic blood pressure (mmHg) 62 ± 11 62 ± 12
Heart rate (beat-min-1) 74 ± 14 74 ± 15

Isofturane
Systolic blood pressure (mmIIg) 110 ± 16 123 ± 30
Diastolic blood pressure (mmHg) 63 + 13 72 ± 16
Heart rate (beat-min .1) 80 ± 19 91 ± 26

Enfturane
Systolic blood pressure (mmHg) 102 ± 15 98 ± 13
Diastolic blood pressure (mmHg) 60 + 14 59 ± 13
Heart rate (beat.Utin -1) 71 ± 6 68 ± 6

mean ± SD

Table 3. The maximum effect, time to maximum effect and clinical duration
of pipecuronium under sevoflurane, isoflurane and enfiurane anesthesia

407

Maximum effect
Onset time
Clinical duration

(%)
(min)
(min)

sevofluraue

99.1 ± 1.4
3.4 :t 1.6
63.7 ± 14.7

isoflurane

99.0 ± 2.0
2.8 ~ 1.2
60.9 .r 20.5

enflurane

98.0 ± 2.5
3.5 ± 1.1
62.8 ± 28.7

mean ± SD

before and 5 min after administration
of pipecuronium 40 fLg·kg-1 are sum-
marized in table 2. There were no
significant differences in hemodynamic
variables between the three groups.
The end-tidal concentration anes-

thetic agents were 2.5 ± 0.5% for
sevoflurane, 1.6 ± 0.4% for isoflurane,
and 1.7 ± 0.3% for enflurane.
The maximum effect, onset time and

clinical duration of pipecuronium were
99.1 ± 1.4% 3.4 ± 1.6 min and 63.7 ±
14.7 min under sevoflurane anesthesia,
99.0 ± 2.0%, 2.8 ± 1.2 min and 60.9
± 20.5 min under isoflurane anesthesia
and 98.0 ± 2.5%, 3.5 ± 1.1 min and 62.8
± 28.7 min under enflurane anesthesia
respectively, and summarized in table
3. And these data were not signif-
icantly different between inhalational
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t Clinical duration

70 min
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o 60

B

120

Time (min)

180 240

Pipecuronium
40fi9'kg-1

'" Clinical duration
66 min

o 60

Atropine 8 fi9'kg -1

Edrophnium 0.5 mg'kg -1
t

Time (min)

Fig. 1. Time course of the neuromuscular blocking effect of pipecuronium 40 /-I-g. kg -1 under
sevofiurane anesthesia.
A: additional pipecuroniurn 10 fl'9 . kg- 1 was administered after 25% recovery of twitch re-

sponse and recovery index was obtained.
B: Atropine 8 ttg . kg- 1 and cdrophonium 0.5 mg antagonized residual pipecuronium neuro-

muscular blocking effects at. the 40% twitch response.

anesthetics. Figure lA shows a typical
example of the data under sevoflurane
anesthesia in this study protocol. Two
additional doses were administered and
no reversal of neuromuscular blockade
was needed for this patient. In 6 pa-
tients in the sevoflurane group, 7 in
the isoflurane group and 5 in the enflu-
rane group, pipecuronium 40 /.tg·kg-1

completely suppressed the electromyo-
graphic activity of the adductor pollicis
muscle, in other patients pipecuronium
suppressed activity to more than 93%
of the control. Recovery index (time
from 25% recovery to 75% recovery)
was measured in 8 patients, and the
values were 40 and 45 min in sevoflu-
rane, 44 and 45 min in isoHurane
and 20, 25, 25 and 35 min in enflu-
rane. In most patients, edrophonium
0.5 rng-kg"! successfully reversed the

residual pipecuronium block as shown
in figure lB. Neostigmine 40 t.tg-kg-1
was administered to only two patients,
one in the sevoflurane group and the
other in the enHurane group, for addi-
tional pipecuronium reversal.

Discussion

The results of this study show that,
the onset time, maximum effect and
clinical duration of pipecuronium dur-
ing anesthesia with nitrous oxide in
oxygen and sevoHurane, isoHurane or
enflurane were not influenced by these
three anesthetics.
Katz" reported prior administration

of succinylcholine potentiated the ef-
fects of pancuronium, although sub-
sequent studies'' failed to demon-
strate any interaction. Dubois et al. 10

demonstrated that prior adminis-
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tration of succinylcholine shortened
the onset time of pancuronium and
pipecuronium but did not modify the
clinical duration. In his study, the
nondepolarizing neuromuscular block-
ing agents pipecuronium and pan-
curonium were administrated before
full succinylcholine recovery, and the
twitch height was 75% of the con-
trol level. In our study, there was lit-
tle influence of succinylcholine, because
pipecuronium was administrated when
a steady state of twitch response was
obtained, 30 min after administration
of the succinylcholine. The onset time
to maximum effects of 2.8 to 3.5 min
in our study were similar to those of
previous reports6,1O-12, and we corrob-
orated the previous findings that the
anesthetic agents did not affect the
onset time of pipecuroniumt-". Onset
time of pipecuronium under sevoflu-
rane anesthesia was the same as those
under isoflurane and enflurane anes-
thesia.
Folder et al.12 reported that the

ED95 (the dose of 95% block) val-
ues of pipecuronium was 23.6 p,g·kg-1

during enflurane anesthesia and the
clinical duration of pipecuronium un-
der enflurane anesthesia was longer
than balanced anesthesia. Addition-
ally, the ED95 values of pipecuronium
under isoflurane anesthesia were 42.3
p,g·kg-1 from Pittet et al.5 and 44.6
{tg·kg-1 from Wierda et a1.4. In this
study, maximum effects of pipecuro-
nium ranged from 98.0 to 99.1% as
shown in table 3, thus suggesting that
the ED95 values of pipecuronium were
less than 40 p,g.kg-1 under sevoflurane,
isoflurane and enflurane anesthesia.
In this study, the clinical duration

of 60.9~63.7 min by pipecuronium 40
{tg.kg- 1 was similar to that of the
previous report by Wierda et al. of
pipecuronium 50 p,g·kg-1 under isoflu-
rane anest.hesia", The clinical dura-
tion of pipecuronium under sevoflurane
anesthesia did not differ from those

under isoflurane and enflurane anes-
thesia in our study.
Enflurane-potentiated neuromuscu-

lar blocking effects of pipecuro-
nium were compared with balanced
anesthesia12 and with halothane and
balanced anest.hesia", Isoflurane en-
hanced the neuromuscular blocking ef-
fects of pipecuronium compared with
balanced and halothane anestheslav".
Itagaki et al.7 reported that sevoflu-
rane had a strong potentiating effect
on neuromuscular block by pancuro-
nium and vecuronium. Previous papers
reported minimum alveolar concentra-
tion (MAC%) of sevoflurane, 1.71%13,
is higher than either that of isoflu-
rane at 1.15%14, or that of enflurane
at 1.68%15. In this study, the end-tidal
concentration of sevoflurane was signif-
icantly higher than that of isoflurane
and enflurane. However, the end-tidal
concentrations of anesthetics in this
study were 1.5 ± 0.3 MAC of sevoflu-
rane, 1.4 ± 0.4 MAC of isoflurane and
1.0 ± 0.2 MAC of enflurane, respec-
tively. There were significant differ-
ences between sevoflurane versus en-
flurane and isoflurane versus enflurane.
Thus it is suggested that the potenti-
ation of neuromuscular blocking effects
of pipecuronium by sevoflurane is sim-
ilar to or less than those by isoflurane
and enflurane.
Residual pipecuronium block rever-

sal was performed by edrophonium 0.5
mg-kg"! IV in this study. An addi-
tional reversal dose of neostigmine was
needed in only two patients. Abdulatif
et al. 16 reported that edrophoniurn 1
mg·kg- 1 did not consistently antago-
nize residual pipecuronium neuromus-
cular block at 20% recovery of T1. In
our study, however, edrophonium was
administered after 25% recovery, and
before extubation we checked routinely
that the train of four ratio was higher
than 80%. Thus, there were no prob-
lems caused by residual pipecuronium
blocking effects in this study.
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In conclusion, the neuromuscular
blocking effects with pipecuronium un-
der sevoflurane anesthesia with nitrous
oxide in oxygen are similar to those of
isoflurane and enflurane anesthesia.
(Received Nov. 24, 1992, accepted for

publication Jan. 7, 1993)
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