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Prevention of Agitation on Emergence in Children Undergoing Tonsillectomy 
under Sevoflurane Anesthesia: A Comparison of Ketamine and Propofol 

 

 Sana Iqbal1, Ammar Ali Shah2, Tassadaq Khurshid3, Zubair Tariq4, Farah Naz5 

 

ABSTRACT 
 

OBJECTIVE: To compare the efficacy of Ketamine with Propofol, in pediatric patients undergoing tonsillectomy with sevoflurane 
anesthesia, in terms of frequency of emergence agitation. 
STUDY DESIGN: A randomized control trial 
PLACE AND DURATION: At the Department of Anesthesia Holy Family Hospital, Rawalpindi from 20th April, 2015 to 19th October, 
2015. 
METHODOLOGY: The children between 2-7 years age and belonged to ASA class I or II undergoing tonsillectomy were pre-medicated 
with 0.3 mg/kg oral midazolam 30 min before induction. The children were randomly allocated to two equal groups i.e. to receive 
either intravenous Ketamine 0.5 mg/kg (Group A) or Propofol 1mg/kg (Group B) which is given 5 minutes before the end of surgery. 
The presence or absence of Emergence Agitation was assessed using Aono's four point scale upon admission to the post anesthesia 
care unit and every 5 minutes thereafter for the first 30 minutes, by an anesthesiologist blinded to the study groups.  
RESULTS: The efficacy of Ketamine in preventing Emergence Agitation was 84% whereas Propofol had an efficacy of 72%. The 
difference between the two groups was not statistically significant. (P=0.076). 
CONCLUSION: There is no statistically significant difference between the efficacy of Ketamine and Propofol, in preventing 
Emergence Agitation in children undergoing tonsillectomy under Sevoflurane anesthesia. 
KEYWORDS: Children, Tonsillectomy, Emergence Agitation, Ketamine, Propofol, Sevoflurane. 
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INTRODUCTION 

 
 Sevoflurane is a popular inhalational anesthetic used 
frequently to induce and maintain outpatient or pediatric 
anesthesia due to its excellence in hemodynamic stability, low 
pungency, rapid induction and emergence and easy control of 
anesthetic depth1 .However, sevoflurane anesthesia is 
frequently associated with emergence agitation in children, 
with an incidence of up to 80%2. Emergence agiataion occurred 
more frequently with sevoflurane than halothane according to 

a meta‑analysis of 23 randomized controlled trials3. One study 
showed a 67% incidence of EA in children in sevoflurane group 
compared to 29.2% in halothane group4. The causes for this 
increased incidence are not fully understood, but proposed 
hypothesis include rapid emergence and effects of sevoflurane 
on central nervous system5. However, rapid emergence does 
not appear to be the only cause as Propofol anesthesia, which 
also has rapid emergence properties, is associated with low 
incidence of EA compared to sevoflurane6-9. 
In a study, by Picard et al, done on children undergoing 
tonsillectomy, the incidence of EA was 46% in the sevoflurane 
group compared to 9% in the Propofol group10. Emergence 
agitation is described as a disturbance in a child’s awareness of 
and attention to his or her environment, with disorientation 
and perceptual alterations including hypersensitivity to stimuli 
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and hyperactive motor behavior in the immediate post 
anesthesia period5.It can manifest as non-purposeful restless 
movements, crying, excitation, incoherence, disorientation and 
delirium that occurred during the initial phase of emergence 
from anaesthesia11.It’s pathogenesis and exact mechanism 
remain unclear, but possible causes include rapid awakening in 
unfamiliar settings, pain, sore throat, bladder distension, 
certain types of anesthesia, hypoxemia, airway obstruction, 
stress during induction, noisy environment, and lack of 
premedication12. It has multiple surgical, patient related and 
anesthesia related risk factors such as preschool age, male 
gender, sevoflurane or desflurane anesthesia, ear, nose and 
throat surgery and preoperative anxiety13. 
Ketamine, a non-competitive N-methyl-D-aspartate receptor 
antagonist, is a good agent for amnesia, analgesia and 
sedaion14. Low doses of Ketamine given at the end of 
anesthesia have been shown to successfully reduce emergence 
agitation1, 13. Propofol is a short-acting sedative and hypnotic 
agent used for sedation, induction and maintenance of general 
anesthesia and the effect of Propofol on decreasing the 
incidence of EA has been confirmed by several studies2,14. 
In a study by Abdelhalim et al, the incidence of emergence 
agitation was 15% in Ketamine group compared to 42.5% in the 
placebo group (P≤0.001) 15. A study conducted by Ali et al 
demonstrated that the incidence of emergence agitation upon 
admission to PACU was 32.5% (13 out of 40 patients) in the 
Propofol group compared to 55% (22 out of 40) in the control 
group ( P ≤ 0.05)16. 
The beneficial effect of these two drugs for preventing 
emergence agitation in children has been demonstrated by 
separate studies which were conducted in different settings 
and no study has been done yet to directly compare the 
efficacies of these two drugs in children undergoing 
tonsillectomy under sevoflurane. The purpose of this study is to 
compare the effect of Ketamine vs Propofol on the frequency 
of emergence agitation in the same setting, so that the more 
effective drug may be used as routine prophylaxis, in our 
hospitals, to prevent emergence agitation in children 
undergoing tonsillectomy under sevoflurane anesthesia. 
Objective is to compare the efficacy of Ketamine with Propofol, 
in pediatric patients undergoing tonsillectomy with sevoflurane 
anesthesia, in terms of frequency of emergence agitation (EA). 
 

METHODOLOGY 
 
This randomized control trial was performed at Department of 
Anesthesia at Holy Family Hospital, Rawalpindi from 20th April 
2015 to 19th October 2015. Consecutive non-probability 
sampling was done and sample size was calculated using the 
WHO Sample Size calculator keeping the level of significance 
5% and power of test at 80% 14. Sample size was found to be 75 
in each group. Children of both sexes aged between 2-7 years 
admitted for elective tonsillectomy who was ASA-I and ASA-II 
were included in the study. Exclusion criteria included 
patient/guardian refusal, abnormal airway, and abnormal 
psychological or neurological history. In addition, the children 
combative during induction or any contraindication to the use 

of Propofol or ketamine were also excluded from study. 
All patients were assessed a day before surgery and prepared 
by fasting (8 h for solid foods, 4 hours for clear fluids). Patients 
were randomly divided into two groups by computer-
generated random numbers. Group A, received Ketamine 0.5 
mg/kg 5 mins before end of surgery while the Group B, 
received Propofol 1mg/kg 5 mins before end of surgery. 
Pre-medication with 0.3 mg/kg oral midazolam (maximum dose 
of 12 mg) was done 30 min before induction. All patients were 
monitored properly. Anesthesia was induced with 8% 
sevoflurane in 100% oxygen (6 L/min) through a facemask. 
Nalbuphine (0.2 mg/kg IV) and Atracurium (0.5 mg/kg IV) were 
given. Orotracheal intubation was performed and anesthesia 
was maintained with 50% oxygen, 50% nitrous oxide and 
sevoflurane 2-3% in all patients. Paracetamol 15 mg/kg and 
Dexamethasone 0.3 mg/kg were given IV immediately after 
induction, to reduce post-operative pain and edema which may 
independently contribute to emergence agitation. Five minutes 
before the end of surgery, one of the study drugs was injected 
IV according to the allocated group. At the end of surgery, 
inhalational anesthetics were discontinued; Neostigmine 0.05 
mg/kg and glycopyrrolate 0.001 mg/kg were given. ETT was 
removed after return of sufficient spontaneous breathing, gag 
reflex, facial grimaces and purposeful motor movements. When 
spontaneous breathing with airway patency without assistance 
was confirmed, subjects were transferred to the post-
anesthesia care unit (PACU).One of the parents was allowed to 
stay in the PACU.  
The presence or absence of EA was measured, using Aono’s 
four point scale upon admission to the PACU and every 5 min 
thereafter for the first 30 min by an anesthesiologist blinded to 
the study groups. The highest-recorded value was used for 
evaluation. Children with an EA score of 3 or 4 for more than 3 
mins were given rescue medication (Propofol 1mg/kg IV).  
Data Analysis: Data was collected on a well-structured 
Performa and SPSS 17 version was used to analyze data. Mean± 
S.D was calculated for quantitative variables like age, BMI, 
duration of surgery. Frequency and percentages were 
presented for qualitative variables like gender, efficacy. Chi-
square test was used to compare the efficacy in both groups. A 
P value ≤0.05 was considered statistically significant. Effect 
modifiers like age, gender, duration of surgery were controlled 
by stratification. Post-stratification Chi-square test was applied. 
 

RESULTS 
 
A total of 150 patients were included in this study and 
randomly divided into two equal groups of 75. The mean age of 
patients in this study was 5.04± 1.56 years. The mean BMI 
was15.16± 1.17 kg/m2 and 56.67% (n=75) were males whereas 
43.33% (n=65) were females. There was no statististically 
significant difference between the two study drug groups in 
terms of age, weight, height, and BMI and gender distribution 
of patients. (Table-I). 
In this study, the overall efficacy of the drugs in preventing 
Emergence Agitation was 78% (n=117), whereas Emergence 
Agitation was not prevented in 22% of the patients. The 
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efficacy of Ketamine in preventing Emergence Agitation was 
84% compared to 72% efficacy (n=54) in the Propofol group. 
The P-value was found to be 0.076. Hence, the difference 
between the two groups was not statistically significant (Table-
II). 
 

Table -I: Frequency of Gender Distribution of patients (N=150) 

 

Table - II: Comparison of efficacy of both study drugs in 
preventing Emergence Agitation (N=150) 

Groups 
Efficacy of Drug 

Yes n(%) No n(%) P - Value 

Ketamine Group (n=75) 63 (84%) 12 (16%) 
0.076 

  
Propofol Group (n=75) 54 (72%) 21 (28%) 

Total (N=150) 117 (78%) 33 (22%) 
 

Table-III: Comparison of efficacy in both groups after age 
stratification (N=150) 

Age/ 
years 

Group 
Efficacy of drug P - 

Value Yes n(%) No n(%) 

Less 
than 4 

Ketamine Group 
(n=75) 

17 (94.44%) 1 (5.56%) 

0.075 Propofol Group 
(n=75) 

10 (71.43%) 4 (28.57%) 

Total (N=150) 27 (84.37%) 5 (15.63%) 

Age 
between 
4 and 6 

Ketamine Group 
(n=75) 

20 (83.33%) 4 (16.67%) 

0.173 Propofol Group 
(n=75) 

18 (66.67%) 9 (33.33%) 

Total (N=150) 38 (74.51%) 13 (25.49%) 

Age 
more 
than 6 

Ketamine Group 
(n=75) 

26 (78.79%) 7 (21.21%) 

0.82 Propofol Group 
(n=75) 

26 (76.47%) 8 (23.53%) 

Total (N=150) 52 (77.61%) 15 (22.39%) 
 

The efficacy of Ketamine and Propofol were also compared 
after stratification for age, gender and duration of surgery. 
Based upon age, stratification was done into three groups: age 
less than 4, 4-6 ,more than 6 years and their respective P-
values were 0.075, 0.173,0.820 (Table-III).For all three age 
stratified groups, there was no statistically significant 
difference between the efficacy of the two drugs. Stratification 
based on gender revealed no statistically significant difference 
between the efficacy of Ketamine and Propofol. The P-values 
for male and female subgroups were 0.14 and 0.30 respectively 
(Table-IV).Similarly, the difference between the efficacies of 
the two drugs in each of the stratified duration of surgery 
groups was not found to be statistically significant. The 

duration of surgery groups were surgeries lasting less than 30 
minutes, 30-45 minutes and more than 45 minutes and their 
respective P-values were 0.39, 0.49, 0.07. 
 
Table – IV: Comparison of efficacy in both groups after gender 
stratification (N=150) 

Gender Group 
Efficacy of drug P - 

Value Yes n(%) No n(%) 

Male 

Ketamine Group 
(n=75) 

38 
(88.37%) 

5 (11.63%) 

0.14 
Propofol Group 
(n=75) 

32 
(76.19%) 

10 (23.81%) 

Total (N=150) 70 
(82.36%) 

15 (17.64%) 

Female 

Ketamine Group 
(n=75) 

25 
(78.13%) 

7 (21.87%) 

0.30 
Propofol Group 
(n=75) 

22 
(66.67%) 

11 (33.33%) 

Total (N=150) 47 
(72.31%) 

18 (27.69%) 

 

Table - V: Comparison of efficacy in both groups after 
stratification by duration of surgery (N=150) 

Duration of 
Surgery/ 
minutes 

Group 
Efficacy of drug  P - 

Value 
 

Yes n(%) No n(%) 

Less than 
30  

Ketamine 
Group 

15 (78.95%) 4 (21.05%) 

0.39 Propofol 
Group 

14 (66.67%) 7 (33.33%) 

Total 29 (72.50%) 11 (27.50%) 

Between 
30 and 45  

Ketamine 
Group   

32 (82.05%)%) 7 (17.95%) 

0.49 Propofol 
group 

28 (75.68%) 9 (24.32%) 

Total 60 (78.94%) 16 (21.06%) 

More than 
45  

Ketamine 
Group 

16 (94.12%) 1 (5.88%) 

0.07 Propofol 
Group 

12 (70.59%) 5 (29.41%) 

Total 28 (82.35%) 6 (17.65%) 
 

DISCUSSION 
 

Minimal data is available regarding the comparative efficacy of 
the two drugs in preventing EA. So far there has been only one 
study comparing the efficacy of Ketamine and Propofol in 
preventing EA, but this study was conducted on children 
undergoing ophthalmological surgery6.  
The efficacy of these drugs may differ in patients undergoing 
tonsillectomy compared to ophthalmological surgeries and 
therefore, we compared the efficacy of these two agents in 
tonsillectomy patients. However, our results did not support 
this hypothesis. Although, the efficacy of Ketamine (84%) was 
found to be higher than that of Propofol (72%) but the P-value 
was 0.076 which is not statistically significant. (P ≤ 0.05 is 

Group of patient Male n(%) Female n(%) Total n(%) 

Ketamine group 43 (57.33%) 32 (42.67%) 75 (50.0%) 

Propofol group 42 (56.00%) 33 (44.00%) 75 (50.0%) 

Total 85 (56.67%) 65 (43.33%) 150 (100.0%) 
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considered significant). The results of our study showed that 
although both the drugs were effective in preventing 
Emergence Agitation, there was no significant difference in the 
efficacy of both the drugs. 
One study has been conducted so far comparing the efficacy of 
a bolus dose of Ketamine and Propofol in preventing EA after 
sevoflurane anesthesia. Chen and colleagues compared the 
concurrent use of midazolam, Propofol, or Ketamine with 
Fentanyl just after discontinuing Sevoflurane anesthesia in 
children who underwent cataract surgery and showed that 
Propofol in combination with Fentanyl was effective in 
reducing EA, whereas Ketamine in combination with Fentanyl 
was not effective8.Unlike our study, the incidence of EA was 
found to be significantly higher in the Ketamine group than 
Propofol group7. The differences in the results may be due to 
several important differences between their study and ours. In 
their study the study drugs were given in combination with 
fentanyl, which itself has been shown to decrease the 
incidence and severity of EA2.Secondly, their study was 
performed on children undergoing cataract extraction. The 
incidence of EA maybe different between these two types of 
surgeries, as otolaryngology surgeries have been found to be 
an independent risk factor for EA8 The difference in the tool 
used to identify EA may also account partly for the difference in 
results. They used PAED scale to assess EA while we evaluated 
the incidence using Aono's scale due to the simplicity of the 
latter scale. Also, we pre-medicated the children with oral 
midazolam before surgery whereas no premedication was used 
in their study. Many investigations have found that one bolus 
dose of Propofol towards the end of sevoflurane anesthesia is 
efficacious in decreasing EA with no prolongation of the PACU 
stay in children9,10. This preventive effect could be explained by 
the residual sedative and euphoric effect of Propofol during the 
early recovery period11. 
Ali and colleagues compared Dexmedetomidine, Propofol and 
placebo for the prevention of Sevoflurane related EA in 
children undergoing tonsillectomy. 120 , 2-6 years old children 
undergoing adeno-tonsillectomy under Sevoflurane anesthesia 
were randomly allocated to receive one of the three agents 5 
minutes before the end of surgery: 10 ml saline 0.9% (Group 
C),) Propofol 1 mg/kg (Group P or Dexmedetomidine 0.3 ug/kg 
(group D)12. The incidence of EA was assessed with Aono's four 
point scale and the severity with PAED scale upon admission 
(T0), after 5 min (T5), 15 min (T15) and 30 min (T30) in PACU12.  
A PAED scale > 15/20 was considered severe agitation14. The 
incidence and severity of EA were significantly lower in group P 
and group D compared to group C at T0, T5, T15 but not at T30. 
In the Propofol group, the incidence of EA was 32.5% , 22.5%, 
10%, 2.5% at 0,5,15,and 30 minutes respectively compared to 
55%, 45%, 27.5%, 5% in the control group13. Severe EA was 
found in 7.5% of children in Propofol group compared to 
control (P ≤ 0.05)13. The incidence of EA in the Propofol group is 
similar to that in our study possibly due to similarities in the 
study design i.e. age group of study population, scale used, 
sample size, parental presence in PACU, use of oral pre-
medication.  
Results of my study support the outcomes suggested by 

Abdelhalim et al. comparing IV Ketamine 0.5 mg/kg with IV 
fentanyl with placebo in children undergoing tonsillectomy 
under sevoflurane and reported a similar decrease in incidence 
of EA. The occurrence of EA was significantly lesser in patients 
who were given either Ketamine or Fentanyl (15%, 17.5% 
respectively) comparing placebo (42.5%) (P≤0.001)14. There 
was no significant difference regarding the pain scores 
between the three groups suggesting that Ketamine reduced 
agitation independent of its analgesic effect15.  
In a study done by Hadi et al, low dose Ketamine (0.15 mg/kg) 
was used in combination with Dexmedetomidine, 10 minutes 
before the finishing of the procedure in patients undergoing 
adenotonsillectomy under Sevoflurane16 . The incidence of EA 
was 11% in ketamine dexmetomedine combination group vs 
47% in controls (P ≤ 0.05)17. The lesser occurrence of EA in 
comparison to our results may be attributed to the 
concomitant use of dexmedetomindine, an alpha-2 agonist, 
which itself is known to prevent EA18. Also, their study used 
PAED scale to assess the occurrence of EA. 
Ozcan and colleagues compared the effects of Ketamine 
(0.25mg/kg) and Midazolam administered intravenously before 
the end of surgery, for prevention of EA in children, undergoing 
sub umbilical surgeries, who received caudal block for pain 
relief under sevoflurane anesthesia. PAED scores were similar 
between groups at all measurement times. The results showed 
that IV Ketamine or Midazolam did not significantly affect PAED 
scores. The incidence of EA (PAED score >10) was 28.6% (6/21) 
in the Ketamine group compared to 9/21 (42.8%) in midazolam 
and 11/21 (52.4%) in control group18. The higher incidence of 
EA in their study may be explained by the use of a lower dose 
of Ketamine (0.25mg/kg) as compared to 0.5mg/kg in our 
study. Another possible reason could be the use of PAED scale 
to identify EA rather than the simpler four-point scale used in 
our study. Moreover, no premedication was used in this study 
whereas we used midazolam premedication, which itself has 
been found to be effective in reducing EA. In our study, parents 
were present at arrival to PACU but this was not the case in 
their study. Parental presence maybe another factor that 
reduces EA. 

LIMITATIONS AND SUGGESTIONS 
 
One limitation of this study was that, we did not use the PAED 
scale which appears to be the most reliable and valid tool for 
the measurement of EA15. Another limitation of this study was 
the difficulty in differentiating between pain and delirium. It 
may be difficult to reliably distinguish pain from EA in young 
children18. More studies are needed to be done, using validated 
scales for evaluation of EA, taking into account more variables 
like pain scores, emergence, extubation and discharge times 
and other possible complications of the study drugs.  
 

CONCLUSION 
 

There is no statistically significant difference between the 
efficacy of Ketamine and Propofol, in preventing Emergence 
Agitation in children undergoing tonsillectomy under 
sevoflurane anesthesia. 
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