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Abstract 
Objective: Acute pain is a common complication in children undergoing surgery. Acute pain and delirium are 
associated with agitated behavior, in which there is a risk that the patient causes harm to himself and others. 
Acute pain and delirium also dissatisfy parents and caregivers during recovery, prolong the recovery and 
hospitalization, and make more nursing care necessary.  
Material and Methods: In this study, 90 ASA I children, aged 3-8, and two candidates for elective inguinal 
hernia surgery were divided into three groups based on a random number table using block size of four. Parental 
permission was obtained beforehand. In group 1, 1mg/kg of ketamine (3cc) was administered orally. In group 2, 
0.5mg/kg of ketamine was administered subcutaneously after the anesthetic induction. In Group 3, or control 
group, the same amount of normal saline was administered as the placebo, then the surgery got underway. 
Results: Comparing the administration of oral ketamine, subcutaneous ketamine and normal saline, the study 
showed that the pain was significantly higher in the placebo group at 30, 60, 90 and 120 minutes. Subcutaneous 
ketamine resulted in higher delirium at 30, 60, 90 and 120 minutes than the placebo and oral ketamine. 
Satisfaction of nurses from the patient’s recovery was significantly higher in the oral ketamine group and 
subcutaneous ketamine group (p=0/007). The need for narcotics in the oral ketamine group and subcutaneous 
ketamine group was lower than the placebo group (p=0/001). Ketamine administration prolonged the length of 
stay in the PACU, but it did not increase the frequency of complications such as postoperative nausea and 
vomiting and laryngospasm or bronchospasm in the two groups during the recovery.  
Conclusion: In conclusion, the study indicated that oral administration of low-dose ketamine before surgery can 
reduce pain severity and spare the need for analgesics after surgery. 
Keywords: Ketamine, Delirium, Pain, Pediatric, Surgery 
1. Introduction 
Acute pain is a common complication in children undergoing surgery. Acute pain and delirium are associated 
with agitated behavior, in which there is a risk that the patient causes harm to himself and others. Acute pain and 
delirium also dissatisfy parents and caregivers during recovery, prolong the recovery and hospitalization, and 
make more nursing care necessary. Failure to manage post-operative pain may result in a range of acute and 
chronic effects. If pain is managed during and after the surgery by intervention in pathophysiological changes 
during surgeries, fewer complications occur subsequently and the recovery after the surgery and hospital 
discharge is shortened. Painful stimulus transmission from peripheral nerves to CNS results in endocrine stress 
response. This leads to sodium and water entrapment and an increase in glucose, free fatty acids, ketone body, 
and blood lactate. Post-operative pain can suppress the immune system. The associated hyperglycemia can 
reduce surgical wound healing. Failure to properly handle the pain can activate sympathetic system. The 
activation leads to a delay in the recovery of gastrointestinal motility, resulting in the occurrence of paralytic 
ileus. Managing acute post-operative pain and preventing its occurrence can have a significant role in shortening 
short-term and long-term recovery. Several factors such as age, physical condition, underlying diseases, type of 
surgery, fear and anxiety and psychological condition play a role in the occurrence and severity of postoperative 
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pain; some of them are more pronounced in children, such as age, fear and the anxiety of the separation from 
parents. 
Various medicinal interventions such as the administration of NSAID, acupuncture, ketamine, dexmedetomidine, 
clonidine, and narcotics effectively prevent the complication, but some issues such as delay in waking up from 
anesthesia, somnolence and other side effects such as nausea and vomiting can limit the administration of these 
medications. In another approach, called preemptive therapy, some medicines are administered before the 
surgery to alleviate pain after surgery. The discovery of NMDA receptor and its role in pain alleviation 
revolutionized the use of ketamine. The blockage of this receptor can prevent stimulation of nociceptors. As an 
anesthetic, ketamine is administered for anesthetization, sedation, etc. There are many reports about the effect of 
low-dose ketamine as an NMDA receptor antagonist on alleviating the pain and reducing the need for systemic 
narcotics. Ketamine can be administered intravenously, orally, intramuscularly, intranasally, subcutaneously, 
rectally, and epidurally. Since the medicine is considered a phencyclidine analog, its high doses can have 
unwanted effects such as hallucination, dysphoria, nightmare, bronchial secretions and intracranial pressure. 
Given that the effects of subcutaneous ketamine and oral ketamine on the pain and delirium after surgery has not 
been studied, this study comparatively investigates the effect of low-dose oral ketamine and subcutaneous 
ketamine on delirium and post-general anesthesia in children undergoing inguinal hernia. 
The occurrence of possible side effects such as nausea and vomiting laryngospasm or bronchospasm in the two 
groups were compared. 
2. Materials and Methods 
This study is a double-blind, randomized clinical trial to compare two therapies (in three groups). The population 
were ninety 3-8 year-old patients undergoing inguinal hernia surgery at Children’s Hospital and Medical Center 
during 2014-2015. Each patient should meet the inclusion criteria, including ASA I or II patients, 3-8 years of 
age, candidate for inguinal hernia and parental consent. Patients having a record of a rare disease, allergies, 
emergency surgery, mental retardation, genetic diseases and sedative administration were excluded from the 
study. 
The researcher received the consent of parents (Appendix 4) and permission from the Research Deputy of the 
Tehran Medical University and provided the director of the operating room of Children’s Hospital and Medical 
Center with the documents. To record data, a specially-designed form was used. The data entered into the form is 
as follows: personally identifiable information, age, gender, weigh, the group name including group 1 (who 
received 3cc of 1mg/kg ketamine) group 2 (who received 0.5mg/kg subcutaneous ketamine) and group 3 (who 
received normal saline as a subcutaneous placebo), the length of stay in the PACU, the need for analgesics, 
PAED score and CHEOPS score 30, 60, 90 and 120 minutes after the surgery and SATISFACTION score and 
ALDRETTE score at the end of the stay in the PACU. Data was registered using direct observation and patients’ 
medical record. 
A total of ninety patients aged 3-8 who were candidate for non-emergency inguinal hernia surgery and met 
inclusion criteria underwent general anesthesia after parental consent was obtained. Monitoring devices and 
preoxygenation equipment with 100% O2 were installed at the operating room. Then, a peripheral intravenous 
line was established. Thereafter, patients were sedated by 2.5mg/kg nesdonal, and anesthetic induction was 
carried out with Sevoflurane 8%. After 1µg/kg fentalin was received and adequate depth of anesthesia was 
ensured, tracheal intubation was carried out. Then, anesthesia with 2-3% Isoflurane and ventilation began. The 
Patients were randomly divided into three groups based on the random number table. Group 1 received 0.5mg/kg 
subcutaneous ketamine before the surgery. Group 2 received 3cc of 1mg/kg oral ketamine before the surgery. 
Group 3 received normal saline as a placebo subcutaneously; the administered placebo was at the same volume 
as subcutaneous ketamine. Thereafter, the surgery got underway and came to the end. When the patients woke 
up, they were extubated and transferred to the recovery room. 
During the recovery and at the post-anesthesia care unit (PACU), a person in charge of recording data entered 
the following data into a form: pain severity scores, the degree of agitation, patients’ readiness for discharge after 
extubation at 30, 60, 90, and 120 minutes, the satisfaction of PACU nurses of the course of recovery, the 
occurrence of nausea and vomiting and laryngospasm or bronchospasm, and the need for analgesics. If 
CHEOPS >10, the patient would receive 0.5 µg/kg fentalin. Neither patients nor the record keeper was aware of 
the type of medication. The professor in charge of executing the project was aware of the type of medication. 
The data was statistically analyzed by SPSS 22. The data was represented as the mean, standard deviation, 
median and range for parametric and non-parametric variables. A comparison was made between the three 
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groups in terms of the occurrence of side effects (laryngeal spasms, nausea and vomiting), and the results were 
analyzed using accurate tests. The t-test was used for parametric data, and the chi-square test was used for 
non-parametric. P-values less than 0.05 was considered statistically significant. 
3. Results 
A total of 90 patients were divided into three groups; each group consisted of 30 participants. Group 1 received 
subcutaneous ketamine. Group 2 received oral ketamine. Group 3 received placebo. The mean age was 4.67, 4.40 
and 4.67 in the subcutaneous ketamine group, placebo group and oral ketamine group respectively. The p-value 
was between 0.600 and 0.448 for gender and age respectively. It means that there were no significant differences 
between the three groups in terms of age and gender (Table 1). As shown in Table 1, the mean weight was 17.47, 
16.43 and 16.37 in the subcutaneous ketamine group, placebo group and oral ketamine group respectively. The 
p-value was 0.452. It means that there were no significant differences between the three groups in terms weight. 
 
Table 1. Gender, weight and age in control group, subcutaneous ketamine group and oral ketamine group 

P-value Mean Group Variables 

0.600 
30 patients Placebo 

Gender 30 patients Subcutaneous ketamine 
30 patients Oral ketamine 

0.667 
4.40 years old Placebo age 
4.67 years old Subcutaneous ketamine   
4.67 years old Oral ketamine   

0.452 
16.43 kg Placebo Weight 
17.47 kg Subcutaneous ketamine   
16.37 kg Oral ketamine   

 
The length of stay in the PACU was 31.13, 19.43 and 40.67 in the subcutaneous ketamine group, placebo group 
and oral ketamine group respectively. With regards to the ANOVA test, P-value was 0.000. It can be concluded 
that the administration of oral and subcutaneous ketamine prolonged the length of stay in the PACU by 50-100% 
(Table 2). In addition, 3 out of 90 patients experienced laryngospasm or bronchospasm; one case was in the 
subcutaneous ketamine group and the two others were in the oral ketamine group. Two patients in the placebo 
group, one in the subcutaneous ketamine group and one in the oral ketamine group had nausea and vomiting. 
 
Table 2. Length of stay in PACU in control group, subcutaneous ketamine group and oral ketamine group 

P-value Mean Group Variables 

0.000 
19.43 days Placebo 

Length of Stay in PACU 31.13 days Subcutaneous ketamine 
40.67 days Oral ketamine 

 
Table 3. Pain severity based on CHEOPS in control group, subcutaneous ketamine group and oral ketamine 
group 

P-value Mean Group Time Variables 

0.000 
9.37 Placebo Cheops 30  

Pain severity based on CHEOPS 
  

8.10 Subcutaneous ketamine   
7.47 Oral ketamine   

0.000 
8.03 Placebo Cheops 60  
6.67 Subcutaneous ketamine   
6.60 Oral ketamine   

0.000 
7.47 Placebo Cheops 90  
6.50 Subcutaneous ketamine   
6.20 Oral ketamine   

0.000 6.77 Placebo Cheops 120  
  5.93 Subcutaneous ketamine   
  5.93 Oral ketamine   
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The pain severity was measured at 30, 60, 90 and 120 minutes based on CHEOPS; its results are shown in Table 3. 
The results indicated a significant difference between the pain severity in the three groups at all times. Oral ketamine 
had the most positive effects on pain relief after the surgery compared with placebo and subcutaneous ketamine. 
The delirium severity was measured at 30, 60, 90 and minutes based on PAED. The P-values were less than 0.05 
at all times. It indicates that there were significant differences between the three groups in terms of delirium 
severity based on PAED (Table 4). 
 
Table 4. Delirium severity based on PAED in control group, subcutaneous ketamine group and oral ketamine 
group 

P-value Mean Group Time Variables 

0.000 
10.87 Placebo PAED 30 

Delirium severity based on PAED 

12.43 Subcutaneous ketamine   
11 Oral ketamine   

000/0 
5.57 Placebo PAED 60 
5.27 Subcutaneous ketamine   
4.60 Oral ketamine   

0.000 
2.13 Placebo PAED 90  
3.73 Subcutaneous ketamine   
2.73 Oral ketamine   

0.000 1.33 Placebo PAED 120  
  0.73 Subcutaneous ketamine   
  0.53 Oral ketamine   

 
At the time of discharge, the degree of nurse’s satisfaction of the recovery was determined by the RN 
Satisfaction Score. The mean was 3.30, 3.83 and 3.70 for the placebo group, subcutaneous ketamine group and 
oral ketamine group respectively (Table 5). As seen in Table 5, the P-value was 0.007 (<0.05). It means that the 
difference between the three groups in terms of nurse’s satisfaction of the recovery was significant. 
Subcutaneous ketamine resulted in more satisfaction than placebo and oral ketamine. 
 
Table 5. PACU nurse’s Satisfaction Score of the recovery in control group, subcutaneous ketamine group and 
oral ketamine group 

P-value Mean Group Variables 

0.007 
3.30 Placebo 

PACU nurse’s Satisfaction Score of the recovery 3.83 Subcutaneous ketamine 
3.70 Oral ketamine 

 
The patients of each group whose pain score was above 10 based on the CHEOPS received fentanil as an 
analgesic. In the placebo group, 12 patients received fentanil, since their score was above 10. In the 
subcutaneous ketamine group the number of patients who received it was 3. In the oral ketamine group, just one 
patient needed it. 
4. Discussion 
This comparative-descriptive study investigated 90 pediatric patients, who were divided into three groups; one 
group received ketamine subcutaneously, one group received it orally and one group received placebo. Each group 
consisted of 30 patients. The purpose of the study was to investigate the effects of subcutaneous ketamine and oral 
ketamine on the postoperative pain and agitation of pediatric patients undergoing inguinal hernia. To that end, 
0.5mg/kg subcutaneous ketamine and 1 mg/kg oral ketamine was administered before surgery. 
As seen in the result section, no significant difference was observed between the tree groups in terms of age, 
gender and weight. It seems that the tree groups were homogeneous, and there had been no disruptive factors in the 
study in terms of demographic variables. 
Expected complications such as the occurrence of nausea and vomiting and laryngospasm or bronchospasm were 
not different in the three groups. The use of ketamine, either subcutaneously or orally, and placebo did not affect 
the occurrence of these complications. 
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The length of stay in the recovery and the condition of patients during the recovery were two other issues 
investigated in the study; the latter was measured to check whether the patients could meet the discharge criteria. It 
was observed that oral ketamine prolonged the former, but oral ketamine resulted in the better course of recovery. 
In fact, oral administration of ketamine led to longer stay in recovery. 
In terms of severity of pain, which was the factor of interest in this study, the oral ketamine group experienced the 
least pain at 30, 60, 90 and 120 minutes based on the CHEOPS. The need for sedatives was significantly lower in 
the oral ketamine group than in the placebo group and subcutaneous ketamine group. In the subcutaneous ketamine 
group, the nurse’s satisfaction of the course of recovery was higher than the other groups.  
On the other hand, delirium, which is associated with the administration of anesthesia, was higher in the 
subcutaneous ketamine group than oral ketamine and placebo. It was seemingly independent of the delirium 
resulting from post-operative pain. Probably, it was associated with the way ketamine was administered. There 
was no significant relationship between pain and delirium at 30, 60, 90 and 120 minutes between the three groups. 
This suggests that the delirium experienced by the patients did not result from post-operative pain. 
The body of literature investigating the issue has found that ketamine is effective in the reduction of post-operative 
pain. However, many studies indicate that administration of ketamine before surgery has no effect on the 
post-operative pain.  
The amount of ketamine and the way it has been administrated might have been different in these studies. For 
example, Dix et al. (2013) studied the administration of ketamine, but the injection was performed intravenously. 
Javid et al. (2012) studied the post-surgical injection of the same dose of subcutaneous ketamine as administered in 
our study. Nakao et al. (1999) found that intravenous injection of ketamine before surgery might alleviate pain and 
that post-surgical administration of ketamine does not have such effect. As mentioned above, the effects of 
ketamine depends largely on the amount, time and method of administration. 
Bell (2006) studied the complications experienced after the administration of ketamine. They found that ketamine 
reduces nausea and vomiting. The difference between the three groups was not significant in terms of the 
occurrence of nausea and vomiting. Safavi et al. (2011) and Javid et al. (2012) both obtained the same result in 
terms of post-surgical effects of ketamine on alleviating the pain experienced by children. In the former study, the 
researchers employed visual analog scale to measure the level of pain; in the latter study, the researchers employed 
CHEOPS. None of them investigated delirium or other factors assessed in our study. 
Dix et al. (2003) found that ketamine administration does not alleviate pain after surgery and that it increases 
hallucination, but they administered high doses of ketamine compared with our study. Bazin et al. (2010) found 
that ketamine does not have any effect on post-surgical pain, but the dose administered in their study was 
0.15mg/kg and the age of children ranged from 6 months to 5 years. 
5. Conclusion 
In conclusion, the study indicated that oral administration of low-dose ketamine before pediatric surgery can 
alleviate pain severity, reduce delirium and spare the need for analgesics during recovery, and that the 
subcutaneous administration of low-dose ketamine can increase the nurse’s satisfaction of the course of recovery. 
Ketamine did not increase the occurrence of unwanted complications such as nausea and vomiting and 
laryngospasm or bronchospasm. 
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