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Background: The aim of this study was to determine the dose
or doses of the new rapid-onset, short-acting, neuromuscular
blocking drug rapacuronium that would provide satisfactory
conditions for tracheal intubation at 60 s in infants and chil-
dren.

Methods: Sixty-five infants (< 1 yr), 51 younger children (1-6
yr), and 49 older children (7-12 yr) were studied. Anesthesia
was induced with thiopental-nitrous oxide-oxygen. Tracheal
intubation was attempted 60 s after administration of one of
five doses of rapacuronium (0.5, 1.0, 1.5, 2.0, or 2.5 mg/kg) and
intubating conditions were assessed using a four-point scale.
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Following tracheal intubation, anesthesia was maintained with
nitrous oxide-oxygen and alfentanil (12.5-50 ug/kg) as neces-
sary. Neuromuscular transmission was monitored in an uncali-
brated fashion using an acceleromyograph.

Results: Intubating conditions were good or excellent at 60 s
in all infants after doses of 1.5 mg/kg or more and in all
younger and older children after doses of 2.0 mg/kg or more.
The duration of action of rapacuronium was dose- and age-
dependent. Mean times to reappearance of the third twitch of
the train-of-four (TOF; T;) were less than 10 min in infants at
doses of 1.5 mg/kg or less and in younger and older children at
doses of 2.0 mg/kg or less. Recovery of T; after 1.0-2.0 mg/kg
rapacuroniuvm was significantly slower in infants compared
with younger (P = 0.001) and older (P = 0.02) children. Five
adverse experiences were related to rapacuronium administra-
tion: Bronchospasm (two instances), tachycardia (one in-
stance), and increased salivation (two instances). None were
serious.

Conclusions: Doses of 1.5 and 2.0 mg/kg rapacuronium can
produce satisfactory intubating conditions at 60 s in anesthe-
tized infants and children, respectively, and are associated with
a short duration of action. (Key words: Muscle relaxants; pedi-
atric anesthesia; tracheal intubation.)

RAPACURONIUM (ORG 9487; Organon Teknika, Boxtel,
The Netherlands) is a rapid-onset, short-acting, nonde-
polarizing neuromuscular blocking drug undergoing in-
vestigation as a possible alternative to succinylcholine
for rapid tracheal intubation.'”* Succinylcholine is char-
acterized by many side effects relating to its depolarizing
action including cardiac dysrhythmias, hyperkalemia, in-
creased intraocular or intragastric pressure, muscle fas-
ciculations, and postoperative muscle pain. Conse-
quently, the use of succinylcholine may be undesirable
in some cases in which rapid tracheal intubation is nec-
essary.

In a recent study, doses of 1.5-2.0 mg/kg rapacuro-
nium provided good or excellent tracheal intubation
conditions in most young-adult subjects at 60 s, with
mean clinical durations of 14 -18 min.# The main aim of
the current study was to determine the doses of rapacu-
ronium that would provide good or excellent tracheal
intubation conditions 60 s after administration in three
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groups of pediatric patients. One of five doses of rapa-
curonium was administered in a randomized manner
during general anesthesia, and tracheal intubation con-
ditions were assessed by a blinded observer. We also
determined the time course of action of these various
doses using an acceleromyograph. The studies were per-
formed in infants (< 1 yr), younger children (1-6 yr),
and older children (7-12 yr) because the potency and
time course of action of the other aminosteroidal neuro-
muscular blocking drugs vecuronium®~’ and rocuro-
nium®™!' have been shown to vary among these age
groups.

Methods

This was a prospective, randomized, assessor-blinded,
multicenter, descriptive study. After approval by the
local institutional review board and after obtaining writ-
ten informed consent of a parent, 165 pediatric patients
consisting of 65 infants (< 1 yr), 51 younger children
(1-6 yr), and 49 older children (7-12 yr) were enrolled.
All children were American Society of Anesthesiologists
physical status 1 or 2 and were free of drugs or diseases
known to interfere with neuromuscular transmission.
Patients with clinical signs suggesting possible difficult
tracheal intubation or whose body weight deviated more
than 20% from the ideal for their age were excluded.'?
All were scheduled for elective surgery not requiring
rapid sequence tracheal intubation.

Infants younger than 1 month of age received no pre-
medication; infants aged 1-11 months and children older
than 1 yr of age were given midazolam 0.2 mg/kg intra-
nasally or 0.5 mg/kg orally 15-45 min preoperatively.
Routine monitoring consisted of electrocardiography
(ECG), noninvasive blood pressure, and pulse oximetry.
Anesthesia was induced with 5-8 mg/kg thiopental fol-
lowed by inhalation of a mixture of 66% N,O in oxygen.
After tracheal intubation, anesthesia was maintained
with nitrous oxide in oxygen and 12.5- to 50-ug/kg doses
of alfentanil as clinically indicated.

Neuromuscular transmission was monitored in an un-
calibrated fashion using a TOF-Guard acceleromyograph
(Organon Teknika) to record the acceleration of the
adductor pollicis in response to train-of-four (TOF) su-
pramaximal stimulation of the ulnar nerve at 15-s inter-
vals.'* The acceleromyograph apparatus was attached to
the patients before induction of anesthesia, and TOF
stimulation of the ulnar nerve was begun as soon as the
patient was asleep. Immediately after the first TOF re-
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Table 1. Grading Scheme for Intubating Conditions

Jaw relaxed, vocal cords immobile, no
diaphragmatic movement

Jaw relaxed, vocal cords moving but not
closing, minor diaphragmatic movement

Jaw relaxed, vocal cords closing, marked
coughing/“bucking”; or jaw not relaxed,
vocal cords immobile, no or minor
diaphragmatic movement

Jaw not relaxed, vocal cords not visualized,
or jaw relaxed or not relaxed and vocal
cords closed

| Excellent
] Good

I} Poor

i\ Impossible

sponse was recorded, one of five doses of rapacuronium
(0.5, 1.0, 1.5, 2.0, or 2.5 mg/kg) was administered by
rapid intravenous injection according to a predeter-
mined randomization schedule. Laryngoscopy was
started 45-50 s later, followed by tracheal intubation at
60 s. Intubating conditions were graded according to a
four-point scale by a blinded observer (table 1). Neuro-
muscular transmission was monitored until recovery of
the TOF ratio to 0.7, during which period the tempera-
ture over the adductor pollicis was maintained above
32°C. Digitized data were recorded onto a memory card
supplied with the acceleromyograph and subsequently
transferred to a 486 series personal computer. Recovery
times were measured from injection of rapacuronium to
reappearance of the third twitch of TOF (T;) and until
the TOF ratio was 0.7.

After a planned interim analysis of tracheal intubation
data from 35 patients, it was decided to discontinue the
2.5 mg/kg dose of rapacuronium for infants and the 0.5
mg/kg dose for younger and older children. New ran-
domization schedules were constructed for the remain-
ing 130 patients.

An adverse experience was defined as any complaint
or symptom emerging or increasing in frequency or
intensity during the study period, whether or not it was
related to the study drug. A serious adverse event was
any experience that was fatal, life-threatening, perma-
nently disabling, necessitating hospital admission, or an
overdose. Investigators were required to state whether
they considered the adverse experience to be related to
the administration of rapacuronium.

Statistical Analysis

Demographic data were summarized as the mean = SD
and compared using analysis of variance (ANOVA). Tra-
cheal intubation data were summarized as frequency
distributions with corresponding 95% confidence inter-
vals. Mean times to appearance of T; and recovery of
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Table 2. Demographic Data for Infants, Younger Children, and Older Children

Dose (mg/kg)
0.5 1.0 1.5 2.0 2.5
Infants (aged <1 yr)
No. 18 18 16 11 2
Age (months) 4+4 3+3 4x4 4+2 65
Weight (kg) 6.1 £ 2.6 59=x2383 6.4+29 7.0x19 80+29
Height (cm) 62 + 10 60 = 8 64 = 11 657 78 6
Sex (M/F) 15/3 18/0 151 10/1 2/0
ASA physical status (l/ll) 16/2 16/2 16/0 7/4 2/0
Younger children (aged 1-6 yr)
No. 2 12 13 12 12
Age (yr) 4+3 4+2 3+2 32 3x2
Weight (kg) 18.4 £ 6.5 15.7 £ 2.8 16.0 + 4.7 15.7 = 41 165 *53
Height (cm) 110 + 22 102 £ 13 99 = 14 96 + 14 98 + 16
Sex {(M/F} 072 8/4 1172 8/4 8/4
ASA physical status {I/11) ifal 7/5 13/0 8/4 9/3
Older children (aged 7-12 yr)
No. 3 12 11 11 12
Age (yr) 8+2 9x2 10=x2 9x2 102
Weight (kg) 241 +0.8 358 9.7 36.3 = 10.7 33675 334 £95
Height (cm) 129+ 6 143 = 13 142 £ 13 142 = 10 141 =13
Sex (M/F) 1/2 9/3 6/5 10/1 8/4
ASA physical status (I/1l) 3/0 9/3 8/3 11/0 12/0

Where appropriate, values are mean = SD.
ASA = American Society of Anesthesioiogists.

TOF ratio to 0.7 after various doses of rapacuronium
were presented graphically and analyzed by analysis of
covariance (ANCOVA). All statistical calculations were
performed using SAS statistical software version 6.12
(SAS Inc., Cary, NC), under Windows NT, version 4
(Microsoft, Redmond, WA). Statistical significance was
defined as P < 0.05.

Results

One hundred and sixty-five patients were enrolled in
the study (table 2). There were no differences in age,
weight, or height among the various dose groups within
each of the three age groups. Protocol violations oc-
curred in 37 patients, 35 of which were considered
minor violations. The two major violations were admin-

Table 3. Frequency Distribution of Intubation Scores 60 s after Various Doses of Rapacuronium

Dose (mg/kg)

0.5 1.0 15 2.0 2.5
Intubation
Age Group Conditions No % No % No. Y% No. % No %
Infants Exceltent 3 16 6 38 13 81 11 100 2 100
Good 5 26 8 50 3 19 0 0 0 0
Poor 11 58 2 12 0 0 0 0 0 0
Impossible 0 0 0 0 0 0 0 0 0 0]
Younger children Excellent 0 0 4 33 6 50 8 67 10 83
Good 0 0 2 17 3 25 4 33 2 17
Poor 2 100 6 50 3 25 0 0 0 0
Impossible 0 0 0 0 0 0 0 0 0 0]
Older children Excellent 0 0 1 8 3 25 8 73 7 58
Good 0 0] 6 50 8 67 3 27 5 42
Poor 2 67 4 34 1 8 0 0 0 0
Impossible 1 33 1 8 0 0 ¢} 0 0 6]
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Intubating score:
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0.5 (n=19) 1.0 (n= 16) 15 (n=16) 2.0 (n= 1)
Dose (mg/kg)

Fig. 1. Intubating scores at 60 s for dose groups of infants. Data
in boxes are percentages; the total number in each group is
given in parentheses after the dose.

istration of an incorrect dose of rapacuronium (n = 1)
and allocation to the wrong age group (n = 1). The
minor violations were introduction of a volatile anes-
thetic agent prior to recovery of the TOF ratio to 0.7
(n = 3), technical difficulties with the acceleromyo-
graph, resulting in nonevaluability of recovery data (n =
2), and administration of a dose of thiopental above the
upper protocol limit (n = 30). Despite the violations,
analysis of the results showed no differences between
the “per-protocol” group (all violators excluded) and the
“intent-to-treat” group (all patients who received a dose
of rapacuronium and had at least one postbaseline effi-
cacy assessment). Accordingly, in the tables and figures,
efficacy data (tracheal intubation conditions and time
course of action) are based on the “intent-to-treat”
group. Time to reappearance of T, could not be evalu-
ated in 30 patients because the dose of rapacuronium
administered was insufficient to abolish the response.
Tracheal intubation scores were evaluated in 164 pa-
tients (table 3 and figs. 1-3) Tracheal intubation condi-
tions were good or excellent at 60 s in all infants after
doses of 1.5 mg/kg and 2 mg/kg rapacuronium. Similarly,
good or excellent tracheal intubation conditions were
found in all younger and older children after doses of 2.0
mg/kg and 2.5 mg/kg. The percentage and 95% confidence
interval of patients in each dose group with excellent or
good intubating conditions are summarized in table 4.
Dose-related increases in mean times to reappearance
of T; and recovery of TOF ratio to 0.7 were observed in
all age groups (figs. 4 and 5). Mean times to T, recovery
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Fig. 2. Intubating scores at 60 s for dose groups of younger
children. Data in boxes are percentages; the total number in
each group is given in parenthesis after the dose.

were less than 10 min in infants at doses of 1.5 mg/kg or
less and in younger and older children at doses of 2.0
mg/kg or less. Mean times to a TOF ratio of 0.7 were less
than 20 min in infants at doses of 1.5 mg/kg or less and
in younger and older children at doses of 2.0 mg/kg or
less. For doses between 1.0 and 2.0 mg/kg, the mean
times to reappearance of T, were significantly longer in
infants compared with both younger and older children
(P = 0.001 and P = 0.02, respectively; fig. 4), The
calculated difference in time to appearance of T; be-
tween infants and younger children was 2.2 min (95%
confidence interval, 0.9-3.5 min), and that between
infants and older children was 1.6 min (95% confidence
interval, 0.3-2.9 min). Similarly, the times to TOF ratio
recovery to 0.7 were significantly longer in infants com-
pared with younger children (P = 0.007; fig. 5); the
estimated difference was 2.9 min (95% confidence inter-
val, 0.8-5.0 min).

A total of 18 adverse experiences were reported in 14
patients, 5 of which were considered to be related to
rapacuronium. Two of these events occurred in one
8-yr-old child in whom tachycardia and bronchospasm
developed 60 s after administration of 2.5 mg/kg rapa-
curonium; the child was treated successfully by the ad-
ministration 20 ug/kg alfentanil and addition of halo-
thane to the inspired gas mixture. Bronchospasm
developed in another 8-yr-old child shortly after receiv-
ing 2.5 mg/kg rapacuronium, but in this case, the symp-
toms subsided without treatment. The last two adverse
events involved two children aged 4 and 5 yr in whom
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Fig. 3. Intubating scores at 60 s for dose groups of older chil-
dren. Data in boxes are percentages; the total number in each
group is given in parenthesis after the dose.

increased salivation developed after receiving 1.0 mg/kg
and 2.0 mg/kg rapacuronium, respectively. Treatment
consisted of removal of secretions by oral and pharyn-
geal suctioning. It is noteworthy that all five of these
adverse events were observed after tracheal intubation,
which could have contributed to the development of
symptoms (particularly bronchospasm). None of the ad-
verse events reported in the course of this study were
considered to be serious.

Discussion

The primary objective of the current study was to
determine the dose or doses of rapacuronium that would
provide good to excellent tracheal intubation conditions
at 60 s in pediatric patients so that the drug might be
considered as a potential replacement for succinylcho-
line when rapid intubation of the trachea is necessary.
Because doses of 1.0-1.5 mg/kg have been reported to
produce excellent tracheal intubation conditions in
adult patients,'”® we initially intended to evaluate five
doses in the range 0.5-2.5 mg/kg. However, a planned
preliminary analysis indicated that the dose of 0.5 mg/kg
was ineffective in younger and older children, and the
dose of 2.5 mg/kg in infants would not provide addi-
tional information. Accordingly, recruitment to these
groups was discontinued. Although the number of pa-
tients in each dose group was small, the results suggest
that satisfactory tracheal intubation conditions can be
achieved at 6O s after a dose of at least 1.5 mg/kg in

Anesthesiology, V 92, No 4, Apr 2000

infants and 2.0 mg/kg in younger and older children
(tables 3 and 4). The tracheal intubation scores achieved
with these doses are comparable to those obtained at
60 s in anesthetized adults and children given 1-1.5
mg/kg succinylcholine?'*~*> and those obtained at
60-90 s in anesthetized young-adult patients given 1.5-
2.0 mg/kg rapacuronium.*

The observation that the infant group required a
smaller dose of rapacuronium to produce satisfactory
tracheal intubation conditions at 60 s compared with the
two groups of children is in agreement with earlier
studies that suggested that infants are sensitive to the
effects of nondepolarizing muscle relaxants *®'¢ Evi-
dence from laboratory animals suggests that this sensi-
tivity may be caused by a reduction in the availability of
acetylcholine in developing motor nerves.'”'®

In the current study, the duration of action of rapacu-
ronium was determined in an uncalibrated fashion so
that the study could reflect the normal clinical practice
of administering the muscle relaxant soon after induc-
tion of anesthesia. To calibrate the TOF-Guard, it would
have been necessary to delay the injection of rapacuro-
nium for at least 3 min to allow signal stabilization.'® The
times to reappearance of T, and recovery of TOF ratio to
0.7 are recovery indices that do not require the determi-
nation of a control twitch height. Furthermore, clinical
experience suggests that the reappearance of T; should
approximate the clinical duration of action of a nonde-
polarizing neuromuscular blocking drug (25% recovery
of T)). If the latter is accepted, our results indicate that
rapacuronium is a short-acting neuromusclar blocking
drug when used in doses suitable for tracheal intubation
in children (clinical duration, 8-20 min).*°

The finding that the duration of action of rapacuro-
nium was dose-dependent confirms the results of previ-
ous studies in pediatric and adult patients.**' Addition-
ally, the observation that the duration of action of
rapacuronjum was longer in infants compared with chil-
dren (figs. 4 and 5) agrees with the results of earlier
studies of the aminosteroidal drugs vecuronium and
rocuronium.>”®!° The longer duration of action of ve-
curonium and rocuronium in infants may be explained
by a larger volume of distribution (extracellular fluid
volume) with or without a lower plasma clearance ?>*?
The effect is most marked with vecuronium, which
changes from being an intermediate-acting relaxant in
children to being a long-acting drug in infants.” Although
the results of our study suggest that the duration of effect
of rapacuronium may be longer in infants compared
with children, the difference in recovery times was not
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Table 4. Numbers of Patients in Each Dose Group with Satisfactory Intubation Scores at 60 s

Dose (mg/kg)

0.5 1.0 15 2.0 2.5
Infants
Absolute numbers 8/19 14/16 16/16 11/11 2/2
% 42 88 100 100
95% confidence interval 20-67 62-98 79-100 72-100
Younger children
Absolute numbers 0/2 6/12 9/12 12/12 12/12
% 50 75 100 100
95% confidence interval 21-79 43-95 74-100 74-100
Older children
Absolute numbers 0/3 712 11/12 11/11 12/12
% 58 92 100 100
95% confidence interval 28-85 62-100 72-100 74-100

great, and the drug retained the characteristics of a
short-acting muscle relaxant in doses suitable for tra-
cheal intubation.

A comparison of the results of the current study with
those of a recent study in adults suggests that recovery
from the same dose of rapacuronium may be faster in
pediatric patients.® In adult patients (19 - 64 yr), doses of
1.5 mg/kg and 2.0 mg/kg rapacuronium resulted in clin-
ical durations of action of 14 and 18 min, respectively.
The mean times to TOF ratio recovery to 0.7 were 30
min after the 1.5 mg/kg dose and 45 min after the 2.0
mg/kg dose. These recovery times were 51-181% longer
than those observed after the same doses in infants,

]2_
Time
(min) ® Infants //
104 ¢ Younger children J
& Older children /’//
e
8 Pt
6-
4-
2— T T T T 1 L) T
0.0 0.5 10 15 2.0 2.5 3.0
Dose (mg/kg)

Fig. 4. Times to reappearance of T, after various doses of rapa-
curonium. Values are the mean + SEM. Statistical differences
obtained with analysis of covariance (ANCOVA): Three age
groups simultaneously, P = 0.003; infants versus younger chil-
dren, P = 0.001; infants versus older children, 0.02.
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younger children, and older children in the current study
(figs. 4 and 5). Faster recovery in pediatric patients
compared with adults is a feature of many neuromuscu-
lar blocking drugs and probably reflects the greater car-
diac output per kilogram of pediatric patients, which
should result in a more rapid redistribution of the drugs
from their site of action.?*

The current study can be criticized for the use of
acceleromyograph to monitor neuromuscular transmis-
sion, because this device does not meet the recommenda-
tions of the Copenhagen group for Good Clinical Research
Practice, which specifies that mechanomyography should
be used for phase I clinical trials.”® The main problems

254
Tm,le * Infants 7
(min) ¢ Younger children /
207 ¢ Older children %/f'
]5-
]D-
5- ¥ 1 T L} T T T
0.0 0.5 10 15 2.0 2.5 3.0

Dose (mg/kg)

Fig. 5. Times to recovery of TOF ratio to 0.7 after various doses
of rapacuronium. Values are the mean = SEM. Statistical differ-
ences obtained with analysis of covariance (ANCOVA): Three
age groups simultaneously, P = 0.026; infants versus younger
children, P = 0.007.
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with using acceleromyograph in place of the “gold stan-
dard” mechanomyography appear to be the relative under-
estimation of partial neuromuscular block and a greater
tendency to down drift.*>?® However, these problems
should be less likely to affect measurements such as the
reappearance of T, and the TOF ratio, which are not
referenced to a control twitch. This suggestion is sup-
ported by the observations that a close relation exists
between acceleromyograph and mechanomyography
TOF ratios in the range 0-70%>’ and average times to
TOF ratio recovery to 0.7 with the two monitors are
similar."?

In the current study, five adverse experiences were
reported to be possibly or probably related to adminis-
tration of rapacuronium. These five events included
bronchospasm and tachycardia in one patient, isolated
bronchospasm in one patient, and increased salivation in
two patients. None of the adverse experiences were
considered serious, and none were definitively related to
the study drug. Our finding of a low incidence of adverse
experiences related to rapacuronium (3%) confirms the
similar finding of a previous study in adult patients
(1.7%).4 Further studies are required to determine the
cardiovascular effects and histamine-releasing properties
of rapacuronium in children.

The results of our study indicate that rapacuronium
can produce satisfactory conditions for tracheal intuba-
tion at 60 s in infants and children when given in doses
of 1.5 and 2.0 mg/kg, respectively. It may therefore be a
suitable alternative for succinylcholine in situations in
which rapid tracheal intubation is required. At these
doses, rapacuronium appears to be an effective and
well-tolerated short-duration, nondepolarizing muscle re-
laxant for use in pediatric patients.

The authors thank Henk Rietbergen of Organon Teknika for his
assistance with statistical analysis and preparation of the graphs.

References

1. Wierda JMKH, Beaufort AM, Kleef UW, Smeulers NJ, Agoston S:
Preliminary investigations of the clinical pharmacology of three short-
acting non-depolarizing neuromuscular blocking agents, Org 9453, Org
9489 and Org 9487. Can J Anaesth 1994; 41:213-20

2. Wierda JMKH, Van den Broek L, Proost JH, Verbaan BW, Hennis
PJ: Time course of action and endotracheal intubating conditions of
Org 9487, a new short-acting steroidal muscle relaxant; a comparison
with succinylcholine. Anesth Analg 1993; 77:579 -84

3. Van den Broek L, Wierda JMKH, Smeulers NJ, Proost JH: Pharma-
codynamics and pharmacokinetics of an infusion of Org 9487, a new
short-acting steroidal neuromuscular blocking agent. Br J Anaesth
1994; 73:331-5

Anesthesiology, V 92, No 4, Apr 2000

4. Khawaji R, Bevan DR, Bikhazi G, Shanks CA, Fragen RJ, Dyck JB,
Angst MS, Matteo R: Dose-ranging study in younger adult and elderly
patients of ORG 9487, a new, rapid onset, short duration muscle
relaxant. Anesth Analg 1997; 84:1011-8

5. Fisher DM, Miller RD: Neuromuscular effects of vecuronium (Org
NC45) in infants and children during N,0:halothane anesthesia. ANEs-
THESIOLOGY 1983; 58:519-23

6. Meretoja OA, Wirtavuori K, Neuvonen PJ: Age-dependence of the
dose-response curve of vecuronium in pediatric patients during bal-
anced anesthesia. Anesth Analg 1988; 67:21-6

7. Meretoja OA: Is vecuronium a long-acting neuromuscular block-
ing agent in neonates and infants? Br J Anaesth 1989, 62:184-7

8. Meretoja OA, Taivainen T, Erkola O, Rautoma P, Juvakoski M:
Dose-response and time course of action of rocuronium bromide in
paediatric patients. Eur J Anaesthesiol 1995; 12(suppl 11):19-22

9. Woelfel SK, Brandom BW, Cook DR, Sarner JB: Effects of bolus
administration of ORG-9426 in children during nitrous oxide-halothane
anesthesia. ANESTHESIOLOGY 1992; 76:939 - 42

10. Woelfel SK, Brandom BW, McGowan FX, Gronert Bj, Cook DR:
Neuromuscular effects of 600 mg * kg™ ! of rocuronium in infants
during nitrous oxide-halothane anaesthesia. Paediatr Anaesth 1994;
4:173-7

11. Motsch M, Leuwer BW, Bottiger A, Bach R, Shonstedt R, Martin
E: Dose-response, time-course of action and recovery of rocuronium
bromide in children during halothane anaesthesia. Eur J Anaesthesiol
1995; 12(suppl 11):73-8 ’

12. Sorva R, Perheentupa J, Tolppanen EM: A novel format for a
growth chart. Acta Paediatr Scand 1984; 73:527-9

13. Loan PB, Paxton LD, Mirakhur RK, Connolly FM, McCoy EP: The
TOF-Guard neuromuscular monitor: A comparison with the Myograph
2000. Anaesthesia 1995; 50:699-702

14. Magorian T, Flannery KB, Miller RD: Comparison of rocuronium,
succinylcholine and vecuronium for rapid sequence induction of an-
esthesia in adult patients. ANESTHESIOLOGY 1993; 79:913-8

15. Naguib M, Samarkandi AH, Ammar A, Turkistani A: Comparison
of suxamethonium and different combinations of rocuronium and
mivacurium for rapid tracheal intubation in children. Br J Anaesth
1997; 79:450-5

16. Meakin G, Shaw AE, Baker RD, Morris P: Comparison of atra-
curium-induced neuromuscular blockade in neonates, infants and chil-
dren. Br J Anaesth 1988; 60:171-5

17. Meakin G, Morton RH, Wareham AC: Age-dependent variation in
response to tubocurarine in the isolated rat diaphragm. Br J Anaesth
1992; 68:161-3

18. Wareham AC, Morton RH, Meakin GH: Low quantal content of
the endplate potential reduces safety factor for neuromuscular trans-
mission in the diaphragm of the newborn rat. Br J Anaesth 1994;
72:205-9

19. Viby-Mogensen J, Enbaek J, Eriksson LI, Gramstad L, Jensen E,
Jensen FS, Koscielniak-Neisen Z, Skovgaard LT, Ostergaard D: Good
clinical research practice (GCRP) in pharmacodynamic studies of neu-
romuscular blocking agents. Acta Anaesthesiol Scand 1996; 40:59 -74

20. Bedford RE: From the FDA. ANESTHESIOLOGY 1995; 82:33A

21. Kenaan CA, Brandom BW, Bikhazi GB, Ginsberg B, Woefel SK,
Ross A, Fonseca JJ: Neuromuscular effects of ORG 9487 compared with
0.2 mg/kg of mivacurium in pediatric patients anesthetized with halo-
thane (abstract). ANESTHESIOLOGY 1997; 87:A1047

22. Fisher DM, Castagnoli K, Miller RD: Vecuronium kinetics and

20z Yyose €1 uo 3senb Aq ypd°21000-000¥00002-2¥S0000/6 L 0L0¥/200L//26/Pd-ajoie/ABojoisay)saue/Wwod JIeyoIaA|Is Zese//:diy woly papeojumod



1009

DOSE-RANGING STUDY OF RAPACURONIUM IN PEDIATRIC PATIENTS

dynamics in anesthetized infants and children. Clin Pharmacol Ther
1985; 37:402-6

23. Wierda JMKH, Meretoja OA, Taivainen T, Proost JH: Pharmaco-
kinetics and pharmacokinetic-dynamic modelling of rocuronium in
infants and children. Br J Anaesth 1997; 78:690 -5

24. Rudolph AM: Congenital diseases of the heart. Chicago, Year
Book Medical, 1974, p 28

25. Harper NJN, Martlew R, Strang T, Wallace M: Monitoring
neuromuscular block by acceleromyography: Comparison of the

Anesthesiology, V 92, No 4, Apr 2000

Mini-Accelograph with the Myograph 2000. Br J Anaesth 1994; 72:
411-4

26. McCluskey A, Meakin G, Hopkinson JM, Baker RD: Comparison
of acceleromyography and mechanomyography for determination of
the dose-response curve of rocuronium in children. Anaesthesia 1997,
52:345-9

27. Viby-Mogensen J, Jensen E, Werner M, Kirkegaard Nielsen H:
Measurement of acceleration: A new method of monitoring neuromus-
cular function. Acta Anaesthesiol Scand 1988; 32:45-8

¥20Z Yole €1 uo 3senb Aq jpd-21000-000700002-27S0000/61010/2001/¥/26/sPd-01on1e/AB0|0ISBUISBUE/WOD JIEUYDIDA|IS ZESE//:d}Y WOI) papeojumoq





