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INTRODUCTION

General anesthesia is the state produced when a patient 
receives medications to produce amnesia and analgesia with or 
without reversible muscle paralysis. The ideal neuromuscular 
blocking agent for intubation should have a rapid onset, 
a brief  duration of  action, be free from hemodynamic 
effects, devoid of  residual paralysis, and provide excellent 
intubating conditions without any side effects.1 Although the 
depolarizing neuromuscular blocker (NMB) succinylcholine 
has an early onset and short duration of  action, it must be 

used cautiously in pediatric patients due to its side effects, 
such as hyperkalemia, myoglobinuria, rhabdomyolysis, cardiac 
arrhythmias, masseter spasm, and malignant hyperthermia.2

Cisatracurium besylate is a cis-cis isomer (51W89:1R-cis 
1”R-cis atracurium), one of  the ten stereoisomers of  
atracurium that constitutes 15% of  the atracurium mixture 
and is about 3–4 times more potent than atracurium and 
devoid of  any cardiovascular side effects in doses up to 
8×ED95 in adults and 3×ED95 in childrens.2 The ED95 
of  cisatracurium is 0.05 mg/kg. In children, up to 4×ED95 
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has been safely used in previous studies.3 It undergoes 
Hofmann’s degradation to produce laudanosine and 
monoquaternary alcohol. It does not lead to histamine 
release in humans.4,5

Rocuronium is a 2-morpholino, 3-desacetyl, 16-n-allyl 
pyrrolidino derivative of  vecuronium with no histamine 
production, a short onset time, an intermediate duration 
of  action, cardiovascular stability, and rapid recovery 
properties.5,6 The ED95 value of  rocuronium is 
0.3 mg/kg IV, and the dose for intubation is 0.6 mg/kg 
(2×ED95). Doses up to 1.2  mg/kg have been safely 
used in adult and pediatric patients.6 Rocuronium is 
metabolized to 17-desacetyl rocuronium. Rocuronium 
is largely excreted unchanged in bile (50–70%) and in 
urine (10–30%).4

Few studies comparing cisatracurium and rocuronium 
for intubation in pediatric patients have been conducted 
so far. Thus, the objective of  the current study is to 
compare the effects of  2×ED95 rocuronium and 3×ED95 
cisatracurium on pediatric patients undergoing general 
surgical procedures in terms of  intubating conditions, 
clinical duration, hemodynamic profile, and side effects. 
We also evaluated the neuromuscular blockage using TOF 
count at 3 min.

Aims and objectives
•	 To compare the efficacy of  Cisatracurium 0.15 mg/kg 

and Rocuronium 0.6 mg/kg regarding intubating 
conditions and recovery of  the NMB in paediatric 
patients.

•	 To observe the haemodynamic changes and side effects 
of  Cisatracurium and Rocuronium, if  any.

MATERIALS AND METHODS

After obtaining approval from the hospital ethics committee 
and written informed consent, the present prospective 
randomized study was conducted on 50 pediatric patients 
of  either sex scheduled for surgeries under general 
anesthesia in the Department of  Anaesthesiology, Gajra 
Raja Medical College and J.A. Group of  Hospitals, Gwalior 
(Madhya Pradesh).

Sample size was calculated using the formula from the 
previous study7 as
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So we have taken 25 samples in each group.

Inclusion criteria
Patient’s parents giving consent to participate in the study, 
age between 2 and 12 years, weight between 10 and 0 kg, 
American Society of  Anesthesiologists (ASA) Grade  I 
and II.

Exclusion criteria
ASA grade  III and IV, age below 2  years and above 
12 years, weight below 10 kg and above 40 kg, patients 
with known disorders of  the cardiovascular, hepatic, renal, 
or neuromuscular systems, Patients with airway problems 
and suspected difficult intubation.

Fifty patients of  ASA Grades I and II scheduled for 
surgeries under general anesthesia were divided into two 
groups by randomization technique using a computer.

Group I (n=25) Patient received injection 
cisatracurium−0.15 mg/kg i.v

Group II (n=25) Patient received injection 
rocuronium−0.6 mg/kg i.v

All the patients were examined on the day before surgery, 
and all the required routine investigations, including 
complete blood count, random blood sugar, blood urea, 
serum creatinine, and chest X-ray as per hospital protocol, 
were carried out. The purpose and protocols of  the study 
were explained to the patients’ parents/guardians, and 
informed written consent was obtained.

After confirming nil by mouth according to the standard 
starvation protocol, patients were taken into the operating 
theater, and all routine monitors, including a pulse 
oximeter, blood pressure cuff, electrocardiogram leads, 
and neuromuscular monitor, were connected, and baseline 
hemodynamic parameters and TOF count were recorded 
on CARSCAPE B650 monitor. The neuromuscular 
monitor was attached to the patient’s thumb and index 
finger. The negative electrode was placed 1 cm proximal to 
the proximal crease of  the wrist, and the positive electrode 
was placed about 2–5 cm proximal to the negative electrode. 
The test hand was immobilized in a supine position on an 
arm board. Pre-oxygenation was done with 100% oxygen 
for 3 min. All patients were premedicated with injection 
midazolam 0.01 mg/kg IV, glycopyrrolate 0.001 mg/kg IV, 
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and injection fentany l 2 mg/kg IV for analgesia. Anesthesia 
was induced with injection ketamine 2 mg/kg, and injection 
cisatracurium 0.15  mg/kg in Group  I or rocuronium 
0.6 mg/kg in Group II was used for muscle relaxation. 
After 3 min of  ventilation, an experienced anesthetist who 
was unaware of  the type of  muscle relaxant used intubated 
the patient with an appropriate size endotracheal tube, and 
intubating conditions were noted clinically according to 
Cooper et al., score8 criteria as excellent (8–9), good (6–7), 
fair (3–5), and poor (0–2).

The TOF count was noted at 3 min to assess the depth of  
neuromuscular blockage and was correlated with clinical 
criteria by the Cooper et al., score. The endotracheal tube 
was secured after checking for bilateral air entry. The 
hemodynamic response was noted before induction, just 
after intubation, and at 5 min, 30 min, and 60 min after 
intubation.

Further anesthesia was maintained with 66.7% nitrous 
oxide and 33.3% oxygen, and sevoflurane using a closed-
circuit system with controlled ventilation. The patient 
was closely monitored for any clinical signs indicating 
the need for muscle relaxation, such as a TOF count of  
4, the appearance of  spontaneous breathing, or a curare 
notch in the capnogram. After this, a maintenance dose 
of  0.1  mg/kg atracurium IV was given to the patient 
as required. The clinical duration for the requirement 
of  the first maintenance dose was noted. Any adverse 
reactions to the administered drugs and signs of  histamine 
release, such as bradycardia, tachycardia, hypertension, 
hypotension, erythema, flushing, itching, urticaria, 
wheezing, bronchospasm, and injection reactions,9 were 
noted until the first maintenance dose was given. At the end 
of  the surgical procedure, all anesthetics were stopped, and 
100% oxygen was given. Reversal was done with injection 
neostigmine 0.08  mg/kg and injection glycopyrrolate 
0.05 mg/kg IV.

Data were statistically analyzed using the Statistical Package 
for the Social Sciences 20 statistical software. Quantitative 
data were expressed as mean±SD. Qualitative data were 
expressed in terms of  percentages and numbers. For 
comparison of  qualitative data between two groups, the 
Chi-square or Fisher’s exact test was used. Quantitative data 
were compared using Student’s t-test. P>0.05 is considered 
statistically insignificant, P<0.05 *statistically significant, 
P<0.001** highly significant.

RESULTS

In our study, as shown in Table 1, it was found thatdemographic 
profiles in terms of  age, sex, weight, and ASA grade were 

comparable between the two groups and statistically 
insignificant (P>0.05).

Tables 2 shows that intubating conditions assessed clinically 
by Cooper et al., score were better in the rocuronium group 
compared to the cisatracurium group, which was statistically 
significant (P<0.05).

Table  3 depicts that the TOF count at the time of  
intubation was lower in Group II compared to Group I, 
which was statistically significant (P<0.05).

Graph 1 shows that the time required for the first dose 
of  neuromuscular blocking agent (maintenance dose) 

Table 3: TOF count at the time of intubation
Groups n Mean±SD P‑value
Group I 25 1.36±0.74 0.005*
Group II 25 0.76±0.72

P>0.05 statistically insignificant, P<0.05 *statistically significant, P<0.001** highly 
significant, TOF: Total organic fluorine, SD: Standard deviation

Table 2: Cooper et al., score
Cooper et al., score Group I Group II P‑value

n % n %
Excellent 21 84 25 100 0.037*
Good 4 16 0 0
Fair 0 0 0 0
Poor 0 0 0 0

P>0.05 statistically insignificant, P<0.05 *statistically significant, P<0.001** highly 
significant

Table 1: Demographic data
Demographic data Group 

I (n=25)
Group 

II (n=25)
P‑value

Age (years) 6.79±3.29 7.78±3.29 0.27
Sex (Male/Female) 20/5 19/6 0.73
Weight (Kg) 20.28±8.61 21.1±6.81 0.71
ASA grade (1/2) 10/15 11/14 0.66

P>0.05 statistically insignificant, P<0.05 *statistically significant, P<0.001** highly 
significant, ASA: American society of Anesthesiologists

Graph 1: Intergroup analysis of the time requirement for the first dose 
of neuromuscular blocking agent
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was shorter in Group II (14.04±2.95 minutes) compared 
to Group I (20.08±3.68 minutes), which was statistically 
highly significant (p<0.001).

Graphs 2 and 3 show heart rate and mean arterial pressure 
which were noted down at baseline, before induction, just 
after intubation, 5 min, 30 min, 60 min, before reversal, just 
after extubation, and 5 min after extubation and compared 
between the two groups and the results were statistically 
insignificant (P>0.05).

None of  the patients in both groups had any significant 
signs of  histamine release, except for one patient in 
cisatracurium group who had tachycardia which was 
insignificant.

DISCUSSION

In our study, we compared two non-depolarizing muscle 
relaxants injection rocuronium 0.6 mg/kg (2ED95) and 
injection cisatracurium 0.15 mg/kg (3ED95) with respect 
to intubating conditions, duration of  action, hemodynamic 
parameters, and side effects in pediatric patients. 
Demographic profiles were statistically insignificant 
between the groups (P>0.05), and similar results were 

observed by Bansal et al.,10 Scheiber et al.,11 and Kumar 
et al.,7 in their studies.

The adequacy of  conditions for tracheal intubation is 
a function of  several factors, including the depth of  
anesthesia and the level of  neuromuscular blockade at the 
time of  the intubation attempt.12 In our study, intubating 
conditions were assessed clinically by the Cooper et al., 
score and correlated with the TOF count at the time of  
intubation. Intubation was attempted after a fixed interval 
of  3  min following the administration of  the muscle 
relaxant.

We found that rocuronium 0.6 mg/kg (2ED95) provided 
excellent intubating conditions and was better when 
compared to cisatracurium 0.15 mg/kg (3ED95), which 
was statistically significant (P<0.05). In a similar study, 
Scheiber et al.,10 also found that rocuronium 0.6 mg/kg 
provides excellent intubating conditions in the pediatric 
population. Bansal et al.,11 also found that rocuronium 
provides excellent intubating conditions with faster 
induction time and a high recovery index than atracurium 
in pediatric patients. Similarly, in a study by Kumar et al.,7 
they found that rocuronium has a rapid onset and produces 
excellent to good intubating conditions in 50–90 s with a 
dose of  0.6 mg/kg in adults with minimal hemodynamic 
changes and no adverse effects compared to cisatracurium.

In our study, the TOF count was correlated with clinical 
intubation conditions at 3 min after the dose of  muscle 
relaxants, and the results indicate that the TOF count 
was lower in Group II (0.76±0.72) compared to Group I 
(1.92±0.95), which was statistically highly significant 
(P<0.001).

In our study, the mean duration for the requirement of  the 
1st maintenance dose of  NMB was found to be shorter in 
the rocuronium group (14.04±2.95 min) when compared 
to the cisatracurium group (20.08±3.68 min), which was 
statistically highly significant (P<0.001).

Similar results were found by Kumar et al.,7 in which 
rocuronium (0.6 mg/kg) had a duration of  53±10.23 min, 
which was shorter when compared to cisatracurium 
0.15 mg/kg, which had a duration of  59.33±15.56 min.

Bansal et al.,11 found that recovery time after the 
intubation dose of  rocuronium (0.6  mg/kg) was 
shorter (35.86±4.2  min) when compared to atracurium 
(0.5 mg/kg), which had a duration of  47.28±7.26 min, 
which was comparable with our study.

In a study by Guo et al.,13 the clinical duration of  muscle 
relaxation for cisatracurium was 26.50±4.51  min in the 

Graph 2: Intergroup analysis of pulse rate

Graph 3: Intergroup analysis of mean arterial pressure
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adult group, 20.03±3.31  min in the child group, and 
34.63±5.13 min in the infant group, which was comparable 
with our study.

In our study, hemodynamic parameters measured at 
different intervals were found comparable and statistically 
insignificant (P>0.05) in both groups, which was similar to 
the findings of  the studies done by Kumar et al.,7 Bansal 
et al.,11 and Narasimha Gnani and Uma.14

None of  the patients in either group had any significant 
signs of  histamine release, except for one patient in 
the cisatracurium group who had tachycardia, which 
was insignificant. Shrey and Singam,15 found that 
cisatracurium at a dose of  0.2 mg/kg had no signs of  
histamine release in pediatric patients. Similarly, in a study 
by El-Kasaby et al.,16 no signs of  histamine release were 
found in any of  the doses (2ED95, 4ED95, 6ED95) of  
cisatracurium.

Limitations of the study
A notable limitation of  this study is the small sample 
size; the limited number of  participants restricts the 
generalizability of  our results.

CONCLUSION

In the present study, we conclude that rocuronium produced 
excellent intubating conditions and a shorter duration of  
action than cisatracurium. Both drugs produced minimal 
hemodynamic changes and side effects. Hence, they can be 
used as alternatives to succinylcholine in pediatric patients 
for endotracheal intubation.
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