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Abstract Objective: To evaluate and
compare the efficacy, infusion rate
and recovery profile of vecuronium
and cisatracurium continuous infu-
sion in critically ill children requiring
mechanical ventilation. Design and
setting: Prospective, randomised,
double-blind, single-centre study in
critically ill children in a paediatric
intensive care unit in a tertiary chil-
dren’s hospital. Methods: Thirty-
seven children from 3 months to
16 years old (median 4.1 year) were
randomised to receive either drug;
those already receiving more than 6 h
of neuromuscular blocking drugs
were excluded. The Train-of-Four
(TOF) Watch maintained neuromus-
cular blockade to at least one twitch
in the TOF response. Recovery
time was measured from cessation
of infusion until spontaneous TOF
ratio recovery of 70%. Results:
The cisatracurium infusion rate in
nineteen children averaged 3.9€
1.3 �g kg�1 min�1 with a median

duration of 63 h (IQR 23–88). The
vecuronium infusion rate in 18 chil-
dren averaged mean
2.6€1.3 �g kg�1 min�1 with a median
duration of 40 h (IQR 27–72). Me-
dian time to recovery was signifi-
cantly shorter with cisatracurium
(52 min, 35–73) than with vecuroni-
um (123 min, 80–480). Prolonged
recovery of neuromuscular function
(>24 h) occurred in one child (6%) on
vecuronium. Conclusions: Recovery
of neuromuscular function after dis-
continuation of neuromuscular
blocking drug infusion in children is
significantly faster with cisatracuri-
um than vecuronium. Neuromuscular
monitoring was not sufficient to
eliminate prolonged recovery in
children on vecuronium infusions.
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Introduction

Neuromuscular blocking (NMB) drugs are used in criti-
cally ill children to facilitate mechanical ventilation, re-
duce oxygen consumption and barotrauma, stabilise in-
tracranial pressure and provide haemodynamic control.
Blockade is caused by competing with acetylcholine at
the receptor site at the neuromuscular junction. Vecuro-
nium and atracurium infusions have been used in paedi-
atric intensive care units (PICUs), the former because of
its fewer cardiovascular side effects and the latter because

of its non-enzymatic elimination. Use of the intermediate
acting NMB drug vecuronium may be complicated by
prolonged weakness [1] and prolonged NMB [2], espe-
cially in renal failure due to accumulation of the metab-
olite 3-desacetylvecuronium (which has 50–70% activity
of the parent compound). Administration of atracurium
can result in histamine release [3], and its metabolite
laudanosine, which is cleared by the liver, has been shown
to cause convulsions in animals [4]. However, patients
with fulminant hepatic failure have not experienced
measurable central neurological effects [5], and there has
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only been one report of a surgical patient who had a
seizure while receiving atracurium [6].

Cisatracurium was introduced into clinical practice in
1996 and is one of one stereoisomers of atracurium, the
R-cis, R0-cis isomer. Dose-response studies in adults have
established that cisatracurium has a similar NMB profile
to atracurium, with no vagolytic or sympatholytic prop-
erties. Onset of action is slower [7], and cisatracurium is
approx. three times more potent than atracurium [4, 7].
Cisatracurium therefore has less propensity to release
histamine [7, 8, 9], providing increased cardiovascular
stability and less production of laudanosine, making it
safer for use in hepatic disease. Cisatracurium is non-
cumulative, undergoing degradation predominantly by
non-enzymatic Hofmann elimination [8], and has been
shown to have a lower incidence of prolonged paralysis
than vecuronium [10]. Recent clinical practice guidelines
for sustained NMB in adults recommend cisatracurium or
atracurium for patients with significant renal or hepatic
disease [11]. Cisatracurium has been used safely in chil-
dren undergoing general anaesthesia [12, 13, 14, 15] and
in PICUs [16, 17] and may be the NMB drug of choice in
the PICU.

This study was designed to establish infusion rates and
to compare efficacy and recovery profiles of vecuronium
and cisatracurium infusions in critically ill children un-
dergoing mechanical ventilation.

Methods

The study was conducted on a 15-bed PICU (no cardiac or neonatal
patients) of a tertiary referral centre from February 1999 to De-
cember 2000. Children between 3 months and 16 years old re-
quiring NMB as part of their management were eligible. The at-
tending intensivist decided on the indication for NMB which in-
cluded children who had undergone gastric transposition or tracheal
surgery repair and failure to achieve synchronous ventilation with
adequate sedation. Children were excluded if there was a history of
malignant hyperthermia or allergy to non-depolarising drugs, or if
they had received more than 6 h of NMB drug. Forty-six children
were originally enrolled and randomised to study drug; nine were
subsequently excluded from analysis (Fig. 1). A random allocation
sequence was set up in blocks of four by the principle investigator.
Children were randomised to receive either cisatracurium or ve-
curonium by cards inside serially numbered, opaque, sealed en-
velopes. There was no significant difference in weight, age or
gender between the cisatracurium group (n=19) and the vecuronium
group (n=18) children, and PICU admission diagnoses were similar
in the two groups (Table 1). Two members of PICU nursing staff
not involved in the child’s management reconstituted drug infusion
according to card instructions in a side room. Both investigators
and bedside nurse were kept blinded to drug identity until study
completion. Demographic data and reason for admission were
recorded. Vital signs, daily liver and renal function tests and current
medications were available from the computerised database.

Children received continuous intravenous infusion of NMB
drug by syringe pump at an initial rate of 4 �g kg�1 min�1. If
clinically indicated patients received an initial bolus dose of
0.1 mg kg�1. Patients already receiving NMB drugs (duration <6 h)
were allowed partial recovery (>one twitch) in Train-of-Four (TOF)

response prior to initiation of study drug. All children were sedated
and analgesed throughout the study using intravenous infusions of
midazolam (2–4 �g kg�1 min�1) and morphine (10–60 �g kg�1 h�1).

All children had a peripheral nerve stimulator (TOF-Watch,
Organon Teknika) placed using self-adhering cutaneous electrodes
on the forearm over the distal ulnar nerve and a miniature accel-
eration transducer taped to the volar surface of the thumb. Stimu-
lation pulses up to 60 mA are delivered four times at 1 Hz. Titration
of infusion dose helps prevent under [18] or over dosage [19] and
minimises prolonged paralysis. Standard optimal neuromuscular
paralysis for ICU is synonymous with maintaining a TOF at one
twitch [12, 18]. In this study infusion was titrated as such provided
the child did not exhibit clinical signs indicating the necessity for
deeper NMB (e.g. coughing, interbreathing, movement). Dosage
alterations were made by increments of 1 �g kg�1 min�1; increases
were accompanied by a bolus equivalent to current hourly rate.
Additional boluses equivalent to current hourly rate were permitted
as clinically indicated at the discretion of the attending intensivist.

Peripheral nerve response to TOF stimulation was monitored
and recorded each minute for the first 10 min of the infusion and
thereafter every 30 min until a TOF at one twitch was maintained.
Once this was established these measurements were repeated at a
minimum of 4-h intervals during continuous study drug infusion.
Additional measurements were recorded at 30 min after any boluses
or alterations in infusion rate.

Recovery time was measured from drug cessation when moni-
toring was carried out at 5-min intervals until spontaneous TOF
ratio recovery of more than 70%. Prolonged recovery time was
defined as longer than 24 h to reach a TOF of 70% (or clinical
criteria such as head movement) [2], associated risk factors were
defined as renal insufficiency (peak creatinine � 60 �mol/l), renal
failure (requiring haemofiltration) and steroid therapy. Any child
who did not receive more than 6 h of NMB drug infusion, or in
whom it was not possible to monitor the degree of NMB was
excluded from analysis. The study protocol was approved by the
hospital ethics committee and informed, written consent obtained
from parents of all children studied.

A sample size of 20 in each group was estimated to give 90%
power in order to detect a 10% reduction from reported incidence
of prolonged recovery of more than 6 h from 43% to 4% at the 5%
significance level [2]. Continuous variables are summarised as
median and interquartile range (IQR) where normality cannot be
assumed and mean €standard deviation if normally distributed.
Infusion rates were defined as average infusion rate referring to
total dose (including any bolus doses) received by infusion for an
individual child divided by infusion duration; mean infusion rate
refers to the mean of average infusion rates from all children [20].
Data were compared using the Mann-Whitney U test (demo-
graphics, Table 1; pharmacodynamics, Table 2), linear regression
analysis (average infusion rates and recovery times) and two-tailed
Fisher’s exact test with exact confidence intervals for the difference
in percentages (prolonged recovery times). In order to assess im-
precision arising from the relatively small sample size 95% con-
fidence intervals (CI) around the difference in medians or means
were expressed for pharmacodynamic data. Statistical analysis was
performed with StatXact (version 4.0.1) and Statistica (version 5.5).
The significance level for all statistical hypothesis tests was set at
5%.

Results

Median duration of cisatracurium infusion (63 h, IQR 23–
88) did not differ significantly from that of vecuronium
(40 h, 27–72), p=0.65 (Table 2). Mean infusion rates
for vecuronium (n=18) and cisatracurium (n=19) were
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2.6€1.3 and 3.9€1.3 �g kg�1 min�1. All children experi-
enced at least four changes in infusion rate. Linear re-
gression analysis showed no relationship of age with av-
erage infusion rate for children receiving cisatracurium
(r2=0.0008, p=0.91) or vecuronium (r2=0.10, p=0.19).

Maximum infusion rates reached 10 �g kg�1 min�1 in
both groups; one child on vecuronium received increased
doses in a mistaken effort to reduce hypertension, one
child receiving cisatracurium required successive in-
creases in dose to maintain a TOF at one. Linear regres-
sion analysis was performed on infusion rates of 30
children completing 24 h of infusion time to examine the
likelihood of an increase or decrease in infusion re-

quirement over time. Of 16 children receiving vecuroni-
um 12 (75%) showed no significant change in infusion
rate; three (19%) showed a statistically significant de-
crease and one (6%) a statistically significant increase. Of
children receiving cisatracurium 14 (71%) showed no
significant change in infusion rate, and four (29%) had a
statistically significant increase.

All increases in dose infusion were accompanied by a
bolus dose as per protocol. Additional bolus doses ad-
ministered at the discretion of the clinician in charge
occurred in eight children receiving cisatracurium and
three receiving vecuronium; the greatest rate of 0.1 bolus/
h occurred in one child in each group; there was no sta-

Fig. 1 Consort diagram showing the flow of children through each stage of the study
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tistical difference between groups (p=0.18). Mean TOF
response throughout the period of drug infusion was 0.5
(0.3–0.84) in children receiving cisatracurium and 0.2 (0–
0.83) in children receiving vecuronium (p=0.13; Table 2).

Recovery time to TOF ratio of more than 70% was
available for all children included in the analysis. TOF
counts at discontinuation of study drug did not differ
significantly between groups; 27 children had a TOF of 0,

all of whom had TOF counts of 1 or more at other points
in the study (Table 2). Median recovery time with ve-
curonium was 123 min (IQR 80–480) and that with
cisatracurium 52 min (35–73; p=0.001, 95% CI 24.1–
305.1). There was no relationship between recovery time
and NMB drug infusion duration (Fig. 2), age, gender,
mean infusion rate, or total dose administered. Six chil-
dren receiving vecuronium had recovery times longer
than 6 h (p=0.0498, 95% CI 1.1–64.3%), one of whom
required 27 h to recover (p=0.73). This was a boy who
had suffered a head injury and had no renal impairment.
No child received intravenous magnesium, and all re-
ceived antibiotics (aminoglycoside choice at this institu-
tion is amikacin).

Haemodynamic variables and vital signs were mea-
sured continuously during the study, and no clinically
important changes were attributed to either drug. No child
showed signs of myopathy following recovery of NMB,
and no deaths occurred as a result of the study.

Costs over the 22-month period in 37 studied patients
were estimated. The cost of 25 mg cisatracurium was £10
and that of 25 mg vecuronium £10.40. Mean
cisatracurium infusion rate was 1.5 times that of vecuro-
nium, using median infusion time (48 h) and median
weight (17 kg) an estimation of additional cost of
cisatracurium was calculated as £1,054.87. The prolonged
recovery time of 27 h for the child receiving vecuronium
equates to an extra £1237.50 (cost of 24 h on PICU at the
time of the study was £1,100). Therefore additional costs

Table 1 Patient characteristics (n=37)

Cisatracurium
(n=19)

Vecuronium
(n=18)

pa

Age, median
(years; IQR)

4.1
(2.5–5.6)b

4.8
(1.2–10.1)b

0.67

Weight, median
(kg; IQR)

17 (12–22)b 18.1 (10–30)b 0.92

Gender: M/F 11/8 14/4 0.3
Indications
for relaxation

Gastric transposition 4 6
Acute respiratory
distress syndrome

3 4

Head injury 2 4
Asthma 3 2
Upper airway
obstruction

2 0

Facial, tracheal surgery 3 1
Sepsis 1 2

a Mann-Whitney U test
b Parentheses: interquartile range

Table 2 Pharmacodynamic
data (TOF train-of-four, CI
confidence interval) (n=37)

Cisatracurium
(n=19)

Vecuronium
(n=18)

Difference
(95% CI)a

pb

Mean infusion rate (�g kg�1 min�1) 3.9€1.3 2.6€1.3 – –
Maximum infusion rate
(�g kg�1 min�1)

10 10 – –

Infusion time (h) 63 (23–88)c 40 (27–72)c �23 (�34, 13.71) 0.65
Number of patients receiving
additional drug boluses
(not associated with dose increase)

8 3 – –

Maximum additional drug bolus
rate/hour

0.1 0.1 – –

Mean TOF response during
drug infusion

0.5
(0.3–0.84)c

0.2
(0–0.83)c

�0.3 (�0.1, 0.47) 0.13

TOF count at discontinuation
of drug (n)

0.67

0 15 12 – –
1 2 6 – –
2 2 0 – –

Recovery time (min) 52 (35–73)c 123 (80–480)c 71 (24.1, 305.1) 0.001
Recovery >6 h (n) 0 6 33%

(1.1%, 64.3%)
0.0498

Recovery >24 h; (n) 0 1 5.56%
(�21.97%, 41.37%)

0.73

a 95% CIs around difference in medians except for prolonged recovery which is around the difference
in percentages
b Mann-Whitney U test for all p values except for prolonged recovery where Fisher’s exact test is
applied
c Parentheses: interquartile range
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are fully recovered from one single vecuronium patient
with prolonged recovery.

Discussion

Current information to guide administration of NMB
drugs in the PICU is limited. Factors such as cardiovas-
cular and autonomic interactions, drug toxicity, metabo-
lism and excretion, cost and predictability of onset and
offset may be considered. In this study recovery of neu-
romuscular function (from approximately equivalent
depth of NMB) was significantly longer after vecuronium
than cisatracurium, and was not correlated with age, renal
function, infusion rate or duration of infusion. Hodges et
al. [21] found that children less than 1 year old had sig-
nificantly reduced vecuronium requirements, at
0.9 �g kg�1 min�1 as opposed to 1.64 �g kg�1 min�1 in
children over 1 year old. In this study mean infusion rates
of vecuronium were higher at 2.6€1.3 �g kg�1 min�1.
There was no age association with either drug, although
only three children were less than 1 year of age. This was
partly due to study protocol excluding infants under
3 months old, and exclusion of three infants in whom it
was not possible to monitor neuromuscular transmission.
Therefore the higher dose of vecuronium in this study
may reflect the higher median age of the children studied.
Of those children who received more than 24 h vecuro-
nium infusion one child had a significant increase in av-
erage infusion rate and three (19%) a significant reduc-
tion, suggesting cumulation which may reflect the change
in clearance of vecuronium during prolonged adminis-
tration [22]. Median recovery time after discontinuation
of vecuronium of 123 min (IQR 80–480) was longer than
that reported in children by Hodges [21] (65 min, 55–103)
and shorter than that reported in adults by Prielipp et al.
[10] (median 178 min), who also reported 13 of 58 adult

patients (22%) with prolonged recovery (defined as lon-
ger than 2 h).

Segredo et al. [2] have reported prolonged recovery
(defined as longer than 6 h) in 7 of 16 adult patients
(43%) receiving vecuronium. In this study despite neu-
romuscular monitoring similar significant prolonged re-
covery occurred in 6 of 18 children (33%). Assessment of
prolonged recovery longer than 24 h (occurring in one
vecuronium child, 6%) would have more accurately em-
phasised the effect of prolongation of mechanical support.
However, this study was not designed to assess time to
weaning from the ventilator and was not appropriately
powered to evaluate this, as a sample 25 times greater
would have been required. There was no evidence of a
relationship between prolonged recovery of 6 or 24 h and
previously described associations (metabolic acidosis,
elevated magnesium concentrations, female sex and renal
failure) [2].

Clinical practice guidelines for adult patients recom-
mend TOF monitoring with a goal of adjusting degree of
NMB to achieve one or two twitches [11], which is not
standard practice on PICUs. TOF monitoring over the
ulnar nerve in infants and small children was difficult,
required careful attention for correct functioning, and was
impossible in three of six children under 1 year old. This
study could not assess whether neuromuscular monitoring
reduced recovery times, but this did result in a reduction
in vecuronium dosing.

Cisatracurium dose in this study averaged 3.9€
1.3 �g kg�1 min�1 which is within the range quoted by
others for children on PICU (1.4–22.7 �g kg�1 min�1 [18]
and 5.4€3 �g kg�1 min�1 [17]). Cisatracurium doses in
children undergoing anaesthesia have been 1.9€
0.4 �g kg�1 min�1 in those aged under 1 year and 2€
0.5 �g kg�1 min�1 in those aged over 3 years [15], pos-
sibly reflecting shorter duration of infusion. In this study
29% of children receiving cisatracurium longer than 24 h
required significant increases in dose, suggesting tachy-

Fig. 2 The duration of neuro-
muscular blocking (NMB) drug
infusion (hours) is compared to
the neuromuscular recovery
time (minutes) denoted as the
time to achieve a train-of-four
ratio greater or equal to 70% for
cisatracurium (n=19) and ve-
curonium children (n=18)
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difficult to maintain a fixed level of NMB, perhaps due to
changing body temperature and alterations in muscle
blood flow and electrolytes [24]. In some children a TOF
ratio of 1 was not correlated with a level of NMB suffi-
cient adequately to manage clinical endpoints such as
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between muscle movement and peripheral nerve stimu-
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methods of administration of NMB drugs need to be
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Conclusion

Cisatracurium infusion in the PICU was characterised by
a significantly more rapid recovery than vecuronium and
was not associated with prolonged NMB. Neuromuscular
twitch monitoring assists in titration of NMB drugs but
may be unreliable particularly in children aged less than
18 months and was not sufficient to eliminate prolonged
recovery in patients receiving vecuronium.
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