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Abstract:- 

 

 Introduction 

In paediatric patient, preoperative anxiety tends 

to affect the appearance of delirium, sleep disorders 

and changes in postoperative behavior. Premedication 

drugs given without needles are more acceptable for 

children 

 

 Objective 

This study aimed to determine the sedation level 

of oral ketamine premedication compared to 

intramuscular ketamine in paediatric patients using 

bispectral index. 

 

 Method 

This study used a randomized controlled clinical 

trial method. The research was conducted in the 

Central Hospital of H. Adam Malik and Hospital 

network in the city of Medan in February 2019. The 

total sample obtained was 22 for the oral ketamine 

administration group and 22 samples for the 

intramuscular ketamine administration group. 

 

 Results 

The results obtained showed that the level of 

sedation in intramuscular administration had a faster 

sedation effect than oral administration. Sedation levels 

on average were lower in intramuscular administration 

compared with oral which were observed at T1, T2, T3( 

p value 0,00). But the level of sedation tends to be the 

same starting from the observation time T4 to T6. The 

biggest change occurred in the IM group, which 

amounted to 36.50 compared to group O of 33.91(p 

value 0,01). 

 

 Conclusions 

The administration of intramuscular ketamine 

had faster sedation effect than oral administration. But 

there was no difference in sediment levels between 

intramuscular and oral ketamine administration at 20 

to 30 minutes. 

 
Keywords:- Ketamine, Peroral, Intramuscular, Bispectral 

Index. 

 

I. INTRODUCTION 

 

In children, preoperative anxiety tends to cause 

delirium, sleep disorders and changes in postoperative 

behavior. To prevent surgery anxiety and separation from 

parents, adequate pharmacological intervention with 

pediatric sedation before the induction of anesthesia was 

found to be more effective than behavioral intervention 
(Kain et al. 2004). 

 

The main goal of premedication is to reduce stress by 

maintaining hemodynamic parameters, facilitate the 

induction of anesthesia and induce amnesia. The child's 

age, weight, medication history, allergic status, and 

medical or surgical conditions are underlying factors that 

must be considered before giving premedication. In many 

cases, medicines given without needles are more preferable 

for children, families, and the medic team. Oral 

premedication does not increase the risk of aspiration 

pneumonia. (Riva et al, 1997). 
 

Fasting before surgery has developed rapidly over the 

years and become an optimal guide for pediatric patients. 

This approach has been shown to significantly reduce 

stress associated with prolonged periods of fluid deficiency 

before anesthesia and surgery. For most patients, the 

presence of solid particles and/or fluid volumes greater 

than 0.8 ml/kg before induction of anesthesia, can cause 

symptomatic pulmonary aspiration of gastric contents in 

cases of regurgitation (Bouvet, 2011) 

 
Child sedation in the ED is good for emergency 

therapy procedures that may be painful or that require a 

calm and cooperative child (such as wound closure, 

abscess drainage, Foreign body retrieval, lumbar puncture 

or fracture reduction) or to obtain diagnostic information 

(for example through medical imaging) is important 

aspects of medical practice (Mason, 2012). Sedation and 

analgesia for painful procedures are certainly considered as 

the standard of care that must be offered to all children if 

possible (Krauss et al., 2015). Although there are several 

guidelines published (Godwin et al., 2014), there are many 

variations in local and international practice in terms of 
choice of sedation agents and sedation procedures 

(Schofield et al., 2013). Most of the literature relates to the 

parenteral route in the administration of sedatives, 
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especially intravenous (IV) or intramuscular (IM) because 

of their ability to titrate doses and the reliability of the 
effects of the drug when administered through this route 

(Mason, 2012). 

 

Underlying the use of ketamine, apart from 

pharmacodynamics is its safety profile. Ketamine is a drug 

that has been studied to more than 10,000 patients in more 

than 105 studies. The relative safety of ketamine compared 

with other agents is in its almost universal use stated in the 

literature in all indications, all patient groups, all 

administrative routes and in a variety of settings from the 

operating room to the emergency room, battlefield, 

prehospital environment, in developing and advanced 
countries (Svenson & Abernathy, 2007; Polomano et al., 

2013; Bisanzo, et al., 2012). The aspects of clinical effects 

that contribute to its safety are maintenance of airway 

protective reflexes even in deep sedation; maintenance of 

spontaneous ventilation with minimal, very rare or 

clinically insignificant hypoventilation; very rare apnea; 

low levels of hypopnoea and rare hypoxia; persistence or 

slight increase in heart index and increase in blood 

pressure but minimal changes to systemic vascular 

resistance due to direct smooth muscle relaxation; 

maintenance cerebral perfusion pressure during induction 
of anesthesia or deep sedation. Furthermore, ketamine is 

famous for its wide therapeutic range (Mion & Villevieille, 

2013; White et al., 1982).  

 

In general, severe and life-threatening side effects 

from the use of ketamine for pediatric sedation are very 

rare (Howes, 2004). Ketamine is fat soluble with low 

protein binding which results in a distribution volume of 

2.3 L/kg at stable conditions. Bioavailability through 

intravenous, intramuscular, intranasal, rectal and oral 

pathways is 100%, 93%, 50%, 25%, and 20%, 

respectively. Peak plasma levels occur in 1 minute via IV 
route and within 5 minutes via the IM route. Ketamine is 

metabolized into active and inactive metabolites. The most 

studied and dominant active metabolite is norketamine 

which first appears in the blood 2-3 minutes after IV 

ketamine administration and reaches a peak in 30 minutes. 

(Mion & Villevieille, 2013). The rate of elimination of 

ketamine is high (similar to liver blood flow) by 

eliminating half-life of 2-3 hours, norketamine lasts more 

than 5 hours after administration of ketamine and its 

pharmacological effects, especially analgesia, contributes 

to the sustained effect of ketamine during the elimination 
phase with analgesia significantly superior to anesthesia 

(White et al, 1982). Until now, especially in Indonesia, 

there are no guidelines in choosing the route of 

administration of ketamine for sedation in children. Based 

on this background, we are interested in researching this 

issue. 

 

 

 

 

 

 

 

II. RESEARCH METHODS 

 
A. Research design 

The design of this study was a randomized controlled 

clinical trial to determine differences in the level of 

sedation of intramuscular ketamine premedication to oral 

ketamine premedication in pediatric patients who will 

undergo anesthesia using Bispectral index. 

 

B. Place 

This study was conducted in H. Adam Malik Central 

Hospital Medan.  

 

C. Time 
The study was conducted on February 4-28, 2019. 

 

D. Population 

The study population was all pediatric patients who 

will undergo Central anesthesia in H. Adam Malik Central 

Hospital Medan. 

 

E. Sample 

The study sample was patients who met the inclusion 

and exclusion criteria. After being calculated statistically, 

all samples were divided into 2 groups: 
 Group A received intramuscular ketamine 5 mg/kgBW 

premedication 

 Group B received 15 mg/kg of oral ketamine 

premedication which was added to placebo syrup to 5 

cc 

 

 Inclusion Criteria  

 1 - 12 years old 

 Patients with physical status ASA 1 and 2 

 Weight according to BMI 

 
 Exclusion Criteria  

 The patient's parents refused to take part in the study 

 Patients with contraindications to the medications 

studied 

 Patients with neurology and/or psychiatry 

 

 Drop Out Criteria  

 Heart and lung emergencies occur 

 

F. Sample size 

The estimation of sample size in this study was 
calculated based on the following formula: 

 

𝑛1 = 𝑛2 = 2 [
(𝑍𝛼 + 𝑍𝛽)𝑆

(𝑋1 − 𝑋2)
] 

n         =   sample size 

Z             =   1.96 (standard deviation of  0.05) 

Z        =   0.84 (standard deviation of  0.02)  

S          =   standard intersection, taken from a library of 1.9 
X1-X2  =   clinical judgement 
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From the calculations with the formula above, the 

sample size obtained was: n1 = n2 = 20 people, plus 
10%for possible dropout, so it was 22 people. So the total 

number of samples from the two groups was 44 people. 

 

G. Informed Consent 

After obtaining approval from the Ethics Committee 

(Appendix 8), the parents or guardians of the patients 

received an explanation of the procedure to be undertaken 

and stated in writing their willingness on the informed 

consent sheet.  

 

H. Procedure 

 
 Patient and Drug Preparation  

 After being approved by the Health Research Ethics 

Committee of the North Sumatera University Medical 

Faculty (Appendix 8) and the Health Research Ethics 

Committee at Haji Adam malik Central Hospital 

(Appendix 9) and obtaining informed consent, all 

samples were included in the inclusion and exclusion 

criteria. 

 During the preoperative examination visit, the patient's 

parents were explained about the planned action for 

general anesthesia and the research procedure which 
includes examining the effects of sedation up to 24 

hours after surgery. 

 Samples were randomly divided into 2 groups, group A 

received intramuscular ketamine 5 mg/kg and group B 

received oral ketamine 15 mg/kg, then randomized by 

trained volunteers. 

 Randomization was done by block, each sequence 

consisted of 4 subjects, with a number of possible 

combinations of 11 sequences. Then the pen was 

dropped on a random number. The number indicated by 

the pen was the initial number to determine the 
appropriate sequence. Then 11 pairs of numbers below 

were selected from the first pair of numbers so that the 

number of sequences was obtained according to the 

number of samples. Then the sequences obtained were 

arranged according to the envelope number. 

 The drug is prepared by volunteers who did the 

randomization (researchers did not know the 

composition of the drugs given). 

 The drug dose of group A, ketamine of 5 mg/kgBW, 

was injected intramuscularly 30 minutes before surgery. 

 The drug dose of group B, ketamine of 15 mg/kgBW, 
was added into placebo syrup to 5 ml 30 minutes before 

surgery. 

 

 Implementation of the Study 

 After the patient arrived in the waiting room for the 

operating room, the patient was re-examined for 

identity, diagnosis, plan of action for anesthesia, access 

to infusion before signing in. 

 Then the patient was taken to the premedication room 

before a standard monitor (ECG, blood pressure, heart 
rate, breath frequency, oxygen saturation) and a 

bispectral index monitor were installed. 

 Both groups were prepared for general anesthesia. 

 After giving ketamine, the time was recorded as T0, 

and sedation levels were assessed using bispectral 

index. This assessment was carried out directly by 

researchers who were not involved in administering 

drugs to these patients. 

 Both groups of patients were given 0.01mg/KgB SA 

injection and 0.01mg/kgBB midazolam intravenously. 

 The patients were then observed in the premedication 
room and transferred to the operating room 30 minutes 

after the administration of ketamine. 

 The observation of sedation levels and the need for 

additional sedative drugs was carried out directly by 

researchers at minutes 0 (T0), 5 (T1), 10 (T2), 15 (T3), 

20 (T4), 25 (T5), and 30 (T6) after the administration of 

ketamine. 

 The results of observational data in both groups were 

compared statistically 

 The study was stopped if the research subjects refused 

to participate further and there was a life-threatening 
emergency in airway, heart, lung, or brain. 

 

I. Data Management and Analysis Plans 

After the required data had been collected, then 

completeness of the data was checked again before the 

tabulation and processing. Then the data was coded to 

facilitate tabulation. The data were tabulated into the 

master table using statistical processing software. 

Numerical data is displayed in the mean + SD (standard 

deviation), while categorical data is displayed in numbers 

(percentages). Demographic data: Kolmogorov-Smirnov 

test was used for Numerical data normality test. The 
research hypothesis was tested using the Spearman 

correlation test. The 95% confidence interval with a p 

value<0.05 was considered significant. 

 

III. RESULTS AND DISCUSSION 

 

A. Characteristics of the sample 

This research was conducted for 1 month, in 

February 2019 at Haji Adam Malik Hospital in Medan. 

This study aims to determine the differences in the level of 

sedation of intramuscular ketamine premedication to oral 
ketamine premedication in pediatric patients who will 

undergo anesthesia using Bispectral index.  
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Characteristics 

Treatment 
total 

P value IM O 

n % n % n % 

Sex       

0.763* Male 12 54.5% 10 45.5% 22 50.0% 

Female 10 45.5% 12 54.5% 22 50.0% 

Age (mean±SD) 4.73±3.47 5.55±3.53   0.365** 

Diagnosis       

0.564* 

Angiofibroma 1 4.5% 0 0.0% 1 2.3% 

ASD 3 13.6% 2 9.1% 5 11.4% 

Atresia 4 18.2% 6 27.3% 10 22.7% 

epilepsy 1 4.5% 0 0.0% 1 2.3% 

Hirschprung post pull through 7 31.8% 8 36.4% 15 34.1% 

Ovarian Cyst 1 4.5% 0 0.0% 1 2.3% 

Meningocele 2 9.1% 0 0.0% 2 4.5% 

PDA 3 13.6% 3 13.6% 6 13.6% 

Patellar Tendon Rupture 0 0.0% 1 4.5% 1 2.3% 

Skin defect cruris 0 0.0% 1 4.5% 1 2.3% 

Intra-Abdomen Tumor 0 0.0% 1 4.5% 1 2.3% 

ASA        

1 15 68.2% 16 72.7% 31 70.5% 
1.000* 

2 7 31.8% 6 27.3% 13 29.5% 

Total 22 100.0% 22 100.0% 44 100.0%   

Table 1:- Characteristics of the sample 
* Chi Square test 

** Mann Whitney test 

 

The samples obtained in this study amounted to 44 

samples that were in accordance with the inclusion and 

exclusion criteria, with 22 sample group were given the 

treatment of intramuscular ketamine and 22 sample group 

treated with ketamine orally. The sample characteristics of 

the sampe are shown in Table 1 below. 

 

Table 1 shows the distribution of characteristics of 

respondents based on the treatment group. Sex, male in IM 
group were 12 respondents (54.5%) and in O group were 

10 respondents (45.5%) while female in IM group were 10 

respondents (45.5%) and in O group were 12 respondents 

(54.5 %). From the results of the statistical test, p value 

(0.763)> 0.05, which means that there is no difference in 

the proportion of sex between the IM group and O group. 

Age, the mean age in the IM group was 4.73 years old 

while in the O group was 5.55 years old. From the results 

of the statistical test, the p value (0.365)> 0.05 means that 

there is no difference in the mean age between the IM 

group and O group. 

 

ASA, score 1 in IM group were 15 respondents 

(68.2%) and in O group were 16 respondents (72.7%) 

while score 2 in IM group werec7 respondents (31.8%) and 

in O group were 6 respondents (27.3%). From the results 

of the statistical test, the p value (1,000)> 0.05 means that 
there is no difference in the proportion of ASA scores 

between the IM group and O group. 

 

B. Description of sedation level in the use of 

intramuscular ketamine 

The distribution of sedation level in the use of 

intramuscular ketamine is shown in Table 2 

 

sedation level 
Time for intramuscular ketamine administration 

T0 T1 T2 T3 T4 T5 T6 

81-100 22 19 0 0 0 0 0 

61-80 0 3 22 22 9 3 3 

41-60 0 0 0 0 13 19 19 

21-40 0 0 0 0 0 0 0 

0-20 0 0 0 0 0 0 0 

Table 2:- Sedation level in the use of intramuscular ketamine 
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Table 2 shows that the level of sedation in 

intramuscular ketamine administration began to reduce the 
level at 10 minutes observation time (T1) and almost all 

samples experienced a decrease in sedation in BIS 61-80 in 

10-15 minutes. The level of sedation in oral ketamine 

administration has the same level of sedation at 25 minutes 
(T5) and 30 minutes (T6).  

 

 
Fig 1:- Level of sedation in intramuscular ketamine administration 

 

C. Description of sedation level in oral ketamine use 

The description of the sedation level distribution in oral ketamine use is shown in Table 3 

 

Sedation level 
Time for oral ketamine administration 

T0 T1 T2 T3 T4 T5 T6 

81-100 22 22 10 1 0 0 0 

61-80 0 0 12 21 18 6 6 

41-60 0 0 0 0 4 16 16 

21-40 0 0 0 0 0 0 0 

0-20 0 0 0 0 0 0 0 

Table 3:- The description of the sedation level in oral ketamine use 

 
Table 3 shows that the level of sedation in the 

administration of oral ketamine began to decrease the level 

at 10 minutes observation time (T2) and the sedation level 

experienced a significant decrease after 15 minutes 

observation time (T3). The level of sedation in oral 

ketamine administration has the same level of sedation at 

25 minutes (T5) and 30 minutes (T6).  
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Fig 2:- Sedation level for oral ketamine administration 

 
Based on Figure 2 it can be concluded that the 

sedation level has decreased in 10 minutes to the first 25 

minutes. The number of samples experiencing sedation 

levels in BIS 81-100 decreased from 22 samples in T2 

minutes to 1 sample at T3 minutes. While the sedation 

level 61-80 was reduced from 21 samples at T3 minutes to 

6 samples at T5 minutes.  

D. Comparison of the sedation level of intramuscular 

ketamine premedication to oral ketamine premedication 

in pediatric patients using the bispectral index. 

The comparison of the sedation level of 

intramuscular ketamine premedication to oral ketamine 

premedication in pediatric patients using the bispectral 

index was shown in Table 4 

 

Group T0 T1 T2 T3 T4 T5 T6 Difference P value 

IM 
Mean 94.09 83.77 72.73 66.91 57.59 57.59 57.59 36.50 

0.000* 
SD 2.81 3.50 1.83 1.72 2.56 2.56 2.56 2.26 

O 
Mean 93.23 88.18 81.64 74.23 59.32 59.32 59.32 33.91 

0.000* 
SD 2.84 2.04 4.54 3.66 1.59 1.59 1.59 2.45 

P value 0.317** 0.000*** 0.000*** 0.000*** 0.001*** 0.011** 0.011** 0.011**   

Tabel 4:- The comparison of the sedation level of intramuscular ketamine premedication to oral ketamine premedication in 

pediatric patients using the bispectral index. 

* Friedman test 

** t Independent test 

*** Mann Whitney test 

 

Table 4 shows the score of changes that occur in each 
observation. In the IM group, the initial observations 

obtained a mean of 94.09 and the final observations 

obtained a mean of 57.79, the results of the statistical test 

obtained p value (0.000) <0.05 which means that there are 

mean differences from initial observations to final 

observations with a continuous decline in the mean value. 

Whereas in O group, the initial observations obtained a 

mean of 93.23 and in the final observation obtained a mean 

of 59.32, the results of the statistical test obtained p value 

(0.000) <0.05, which means that there are mean differences 
from initial observations to final observations with a 

continuous decline in the mean value. From these results, 

the biggest change occurred in the IM group, which 

amounted to 36.50 compared to O group with 33.91. 

 

This study also looked at a comparison of sedation 

levels in oral ketamine and intramuscular ketamine 

presented with a graph (Figure 3). 
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Fig 3:- Comparison of sedation levels in oral ketamine and intramuscular ketamine 

 

Figure 3 shows that sedation levels in intramuscular 

administration have a faster sedation effect than oral 

administration. Sedation levels on average were lower in 

intramuscular administration compared with oral which 

were observed at T1, T2, T3. But the level of sedation 

tends to be the same starting from the observation time T4 
to T6. 

 

IV. DISCUSSION 

 

This study was conducted to determine the level of 

sedation of intramuscular ketamine premedication 

compared to oral ketamine premedication in pediatric 

patients using the Bispectral Index. Pediatric anesthesia 

always presents a big challenge because it relates to the 

most psychologically vulnerable age groups. Although 

anesthesia during surgery prevents children from 
remembering the actual surgical events, the children often 

experience stress during the preparation for surgery. The 

use of effective sedatives significantly minimizes 

emotional trauma associated with perioperative anxiety and 

sequelae. Provision of premedication drugs aims to reduce 

stress response by maintaining hemodynamic parameters, 

facilitate the induction of anesthesia and induce amnesia. 

In many cases, medicines given without needles are more 

preferable for children, families and the medic team. 

 

Apart from the above objectives, giving 

premedication to children is also useful to separate children 
from their parents. Ideal premedication should include the 

ease of administration, faster sedation effects, and minimal 

side effects. In the study conducted, it was found that oral 

administration of ketamine was preferred by children 

because of the sweet taste and less painful. This is in 

accordance with other studies conducted in which children 

prefer the painless administration of drugs. 

 

The samples obtained in this study amounted to 44 

samples that were in accordance with the inclusion and 

exclusion criteria, with 22 sample group were given the 
treatment of intramuscular ketamine and 22 sample group 

treated with ketamine orally. The sample characteristics of 

the sampe are shown in Table 1. 

 

Based on Table 2, it shows that the level of sedation 

in intramuscular ketamine administration began to reduce 

the level at the time of observation of 5 minutes (T1) and 

almost all samples experienced a decrease in sedation in 

BIS 61-80 in 10-15 minutes. In a study conducted by 

Mehdi et al., In children who were given Ketamin 

intramuscular premedication 4mg/Kg, 86.7% of patients 
experienced sedation in 5 minutes while in 10 minutes, all 

patients who were the object of the study were completely 

sedated. In a study by Hannalah & Patel in 1989 also 

showed that the administration of ketamine at a dose of 

2mg/Kg showed changes in child behavior, they became 

calmer in 3 minutes. 

 

Table 3 shows that the level of sedation in the 

administration of oral ketamine began to decrease the level 

at 10 minutes observation time (T2) and the sedation level 

experienced a significant decrease after 15 minutes 

observation time (T3). A study conducted by Funket, et al. 
in 2000 also showed a decrease in the degree of 

consciousness in children under premedication of oral 

ketamine began in 12 minutes. This is also in accordance 

with studies conducted by Geetanjali et, al (2003) and 

studies by Altiparmak et, al (2016) which showed that in 

most children given oral ketamine, sedation began to be 
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obtained in 15 to 20 minutes. In the study conducted by 

geetanjali also mentioned that the sedation score at 30 
minutes and the score of anxiety on separation from 

parents was also satisfactory.  

 

The study conducted by Turhanoglu, et. al. in 2003 

regarding the administration of various doses of ketamine 

administered orally as premedication showed that 

administration at the lowest dose (4mg/KgBW) did not 

provide the expected sedation effect in which a dose of 

8mg/KgBW results in faster and more satisfying sedation 

thereby reducing anxiety or undesirable response in the 

induction of anesthesia. This study also shows that there is 

no long-term sedation effect in conscious recovery 
postoperative in the recovery room. 

 

JA Kulkarni, et.al, showed that oral ketamine is an 

effective pre-medication in pediatric patients. This study 

found that ketamine was well received by all children. All 

patients experience calm separation from parents. Recent 

research has shown that administering a small amount of 

fluid before taking general anesthesia (5-15ml) to children 

does not affect the risk of aspiration of gastric contents. 

  

Turhanoglu et, al. in his research also said that the 
administration of flavored mixtures in ketamine drugs 

greatly influenced the tendency of children in accepting 

oral premedication. In addition, sweet taste also minimizes 

the risk of nausea or vomiting in children shortly after the 

administration of ketamine. In this study, the use of cherry 

syrup mixed with ketamine according to a dose of up to 

5ml is very preferred and there are no complaints about the 

taste caused. 

 

In this study, we obtained the result that 

intramuscular or oral administration of ketamine has the 

same level of sedation at 25 minutes (T5) and 30 minutes 
(T6). Figure 3 shows that sedation levels in intramuscular 

administration have a faster sedation effect than oral 

administration. Sedation levels on average were lower in 

intramuscular administration compared with oral 

administration which was observed at T1, T2, T3. But the 

level of sedation tends to be the same starting from the 

observation time T4 to T6. 

 

V. CONCLUSIONS 

 

 There is a significant difference in the start of the 
sedation in intramuscular ketamine premedication 

compared to oral ketamine premedication based on BIS 

values. 

 In the premedication of intramuscular ketamine the 

patient was found to be sedated starting in 10 minutes 

while the premedication of oral ketamine, the sedation 

worked starting in 15 minutes. 

 There is no difference in the level of sedation between 

administration of intramuscular ketamine and oral 

ketamine in 20 minutes onwards. 

 
 

 

SUGGESTIONS 

 
 Further research needs to be done about the comparison 

of side effects caused after surgery on the 

administration of ketamine premedication through both 

intramuscular and oral. 

 In terms of reducing trauma in pediatric patients before 

surgery, giving premedication through a non-painful 

pathway in this case can be done considering the same 

effectiveness in terms of achieving sedation levels even 

though they have a longer onset. 

 

REFERENCES 

 
[1]. Alderson PJ, Lerman J. Oral premedication for 

paediatric ambulatory anaesthesia: a comparison of 

midazolam and ketamine. Can J Anaesth 1994; 41: 

221–226 

[2]. Andolfatto G, Abu-Laban RB, Zed PJ, et al. 

Ketamine propofol combination (ketofol) versus 

propofol alone for emergency department procedural 

sedation and analgesia: a randomized double-blind 

trial. Ann Emerg Med. 2012;59(6):504-512. 

[3]. Bell RF, Dahl JB, Moore RA, Kalso EA. 

Perioperative ketamine for acute postoperative pain. 
Cochrane Database Syst Rev. 2006;Jan 

25(1):CD004603. 

[4]. Best W, Bodenschatz C, Beran D. World Health 

Organisation Critical Review of Ketamine. 36th 

WHO Expert Committee on Drug Dependence 

report, 6.2. Geneva, Switzerland: World Health 

Organisation. 2014. 

[5]. Bisanzo, M., et al., Nurse-administered ketamin 

sedation in an emergency department in rural 

Uganda. Annals of emergency medicine, 2012. 59(4): 

p. 268-275 

[6]. Bouvet, lionel et al., Clinical Assessment of the 
Ultrasonographic Measurement of Antral Area for 

Estimating Preoperative Gastric Content and 

Volume. Anesthesiology,2011 : p. 1086-1092 

[7]. Bowdle TA. Depth of anesthesia monitoring. 

Anesthesiol Clin 2006;24(4):793-822. 

[8]. Bowers KJ, McAllister KB, Ray M, Heitz C. 

Ketamine as an adjunct to opioids for acute pain in 

the emergency department: a randomized controlled 

trial. Acad Emerg Med. 2017;24(6):676-685. 

[9]. Consales, G et al., Bispectral Index Compared to 

Ramsay Score for Sedation Monitoring in Intensive 
Care Units, Minerva Anesthesiologica, 2005; 72: 

329-36 

[10]. Coté, C.J. and Wilson, S., 2016. Guidelines for 

monitoring and management of pediatric patients 

before, during, and after sedation for diagnostic and 

therapeutic procedures: update 2016. Pediatric 

dentistry, 38(4), pp.13E-39E. 

[11]. Cotsen MR, Donaldson JS, Uejima T, Morello FP. 

Efficacy of ketamine hydrochloride sedation in 

children for interventional radiologic procedures. Am 

J Roentgenol. 1997; 169:1019-1022. 
[12]. Dachs, R.J. and G.M. Innes, Intravenous ketamin 

sedation of pediatric patients in the emergency 

http://www.ijisrt.com/


Volume 4, Issue 4, April – 2019                                             International Journal of  Innovative Science and Research Technology                                                 

              ISSN No:-2456-2165 

 

IJISRT19AP341                                      www.ijisrt.com                     279 

department. Annals of emergency medicine, 1997. 

29(1): p. 146-150 
[13]. Dinis-Oliveira RJ (2017) Metabolism and 

metabolomics of ketamine: a toxicological approach. 

Forensic Sci Res 2:2–10. 

[14]. Dolansky G, Shah A, Mosdossy G, Rieder M. What 

is the evidence for the safety and efficacy of using 

ketamine in children? Paediatr Child Health. 

2008;13(4):307-308. 

[15]. Epstein BS. The American Society of 

Anesthesiologist's efforts in developing guidelines for 

sedation and analgesia for nonanesthesiologists: the 

40th Rovenstine Lecture. Anesthesiology. 

2003;98:1261–8. 
[16]. Eshghi, A., Mohammadpour, M., Kaviani, N., 

Tahririan, D. and Akhlaghi, N., 2016. Comparative 

evaluation of bispectral index system after sedation 

with midazolam and propofol combined with 

remifentanil versus ketamine in uncooperative during 

dental procedures. Dental research journal, 13(1), p.1. 

[17]. Flood RG, Krauss B. Procedural sedation and 

analgesia for children in the emergency department. 

Emerg Med Clin North Am. 2003;21:121–39. 

[18]. Funk W, Jakob W, Riedl T, Taeger K: Oral 

preanaesthetic medication for children: double-blind 
randomized study of a combination of midazolam 

and ketamin vs midazolam or ketamin alone. Br J 

Anaesth; 2000, 84:335-340 

[19]. Godwin, S.A., et al., Clinical policy: procedural 

sedation and analgesia in the emergency department. 

Ann Emerg Med, 2014. 63(2): p. 247-58 

[20]. Gohil, J., Parekh, A. and Gosai, M., 2015. To study 

the efficacy and safety of injectable ketamine in 

pediatric ward procedure in age group of 6 month to 

12 year in tertiary care hospital. Journal of Pediatric 

Sciences, 7. 

[21]. Gorlin AW, Rosenfeld DM, and Ramakrishna H 
(2016) Intravenous subanesthetic ketamine for 

perioperative analgesia. J Anaesthesiol Clin 

Pharmacol 32:160–167. 

[22]. Goyal S, Agrawal A. Ketamine in status asthmaticus: 

a review. Ind J Critl Care Med. 2013;17(3):154-161. 

[23]. Green SM, Krauss B. Procedural sedation 

terminology: moving beyond “conscious sedation” 

Ann Emerg Med. 2002;39:433–5. 

[24]. Green SM, Hummel CB, Wittlake WA, et al. What is 

the optimal dose of intramuscular ketamine for 

pediatric sedation? Acad Emerg Med 1999;6:21–6. 
[25]. Green SM, Roback MG, Kennedy RM et al. Clinical 

practice guideline for emergency department 

ketamine dissociative sedation: 2011 update. Ann 

Emerg Med. 2011;57(5):449-461. 

[26]. Grunwell, J.R., Travers, C., McCracken, C.E., 

Scherrer, P.D., Stormorken, A.G., Chumpitazi, C.E., 

Roback, M.G., Stockwell, J.A. and Kamat, P.P., 

2016. Procedural sedation outside of the operating 

room using ketamine in 22,645 children: a report 

from the pediatric sedation research consortium. 

Pediatric critical care medicine: a journal of the 
Society of Critical Care Medicine and the World 

Federation of Pediatric Intensive and Critical Care 

Societies, 17(12), p.1109.   
[27]. Guillou N, Tanguy M, Seguin P, et al. The effects of 

small-dose ketamine on morphine consumption in 

surgical intensive care unit patients after major 

abdominal surgery. Anesth Analg. 2003;97(3):843-

847. 

[28]. Hannallah RS, Patel RI: Low-dose intramuscular 

ketamin for anesthesia pre-induction in young 

children undergoing brief outpatient procedures. 

Anesthesiology; 1989, 70:598-600 

[29]. Hartling, L., Milne, A., Foisy, M., Lang, E.S., 

Sinclair, D., Klassen, T.P. and Evered, L., 2016. 

What works and what's safe in pediatric emergency 
procedural sedation: an overview of reviews. 

Academic Emergency Medicine, 23(5), pp.519-530. 

[30]. Hollister GR, Burn JM: Side effects of ketamin in 

pediatric anesthesia. Anesth Analg; 1974, 53:264-267 

[31]. Howes, M.C., Ketamin for paediatric 

sedation/analgesia in the emergency department. 

Emerg Med J, 2004. 21(3): p. 275-80 

[32]. Kain ZN, Caldwell-Andrews AA, Maranets I, 

McClain B, Gaal D, Mayes LC, et al. Preoperative 

anxiety and emergence delirium and postoperative 

maladaptive behaviors. Anesth Analg. 
2004;99:1648–54 

[33]. Karch SB and Drummer OH (2015) Dissociative 

anesthetics, in Karch’s Pathology of Drug Abuse, 5th 

ed, pp 697–754, CRS Press, Boca Raton, FL. 

[34]. Krauss, B.S., et al., Current concepts in management 

of pain in children in the emergency department. The 

Lancet, 2015 

[35]. Lockhart CH, Nelson WL: The relationship of 

ketamin requirement to age in pediatric patients. 

Anesthesiology; 1974, 40:507-508 

[36]. Marland S, Ellerton J. Ketamine: use in anesthesia. 

Review. CNS Neurosci Ther. 2013;19(6):381-389. 
[37]. Mason, K.P., Pediatric Sedation Outside of the 

Operating Room. 2012: Springer 

[38]. Mason K, Cottrell AM, Corrigan AG, Gillatt DA, and 

Mitchelmore AE (2010) Ketamine-associated lower 

urinary tract destruction: a new radiological 

challenge. Clin Radiol 65:795–800. 

[39]. McNicol ED, Schumann R, Haroutounian S. A 

systematic review and meta-analysis of ketamine for 

the prevention of persistent post-surgical pain. Acta 

Anaesthesiol Scand. 2014;58(10):1199-213. 

[40]. Mion, G. and T. Villevieille, Ketamin pharmacology: 
an update (pharmacodynamics and molecular aspects, 

recent findings). CNS neuroscience & therapeutics, 

2013. 19(6): p. 370-380 

[41]. Morgan CJ and Curran HV; Independent Scientific 

Committee on Drugs (2012) Ketamine use: a review. 

Addiction 107:27–38. 

[42]. Mosier JM, Joshi R, Hypes C, Pacheco G, 

Valenzuela T, Sakles JC. The physiologically 

difficult airway. West J Emerg Med. 

2015;16(7):1109-1117. 

[43]. Neufeld, M., Spence, D. and Water, T., 2017. 
Working in the dark: a hermeneutic inquiry into 

health professionals’ stories of ketamine sedation 

http://www.ijisrt.com/


Volume 4, Issue 4, April – 2019                                             International Journal of  Innovative Science and Research Technology                                                 

              ISSN No:-2456-2165 

 

IJISRT19AP341                                      www.ijisrt.com                     280 

with children. Contemporary nurse, 53(5), pp.545-

557. 
[44]. Overly FL, Wright RO, Connor FA Jr, Fontaine B, 

Jay G, Linakis JG. Bispectral analysis during 

pediatric procedural sedation. Pediatr Emerg Care 

2005;21(1):6-11. 

[45]. Pai A, Heining M. Ketamine. Cont Educ Anesth Crit 

Care Pain: CEACCP 2007;7(2):59-63. 

[46]. Polomano, R.C., et al., Effects of Low‐Dose IV 

Ketamin on Peripheral and Central Pain from Major 

Limb Injuries Sustained in Combat. Pain Medicine, 

2013. 14(7): p. 1088-1100. 

[47]. Riva J, Lejbusiewicz G, Papa M, et al: Oral 

premedication with midazolam in paediatric 
anesthesia: effects on sedation and gastric contents. 

Paediatr Anaesth; 1997, 7:191-196 

[48]. Schofield, S., J. Schutz, and F.E. Babl, Procedural 

sedation and analgesia for reduction of distal forearm 

fractures in the paediatric emergency department: A 

clinical survey. Emergency Medicine Australasia, 

2013. 25(3): p. 241-247 

[49]. Sherwin TS, Green SM, Khan A et al. Does 

adjunctive midazolam reduce recovery agitation after 

ketamine sedation for pediatric procedures? A 

randomized, double-blind, placebocontrolled trial. 
Ann Emerg Med 2000; 35: 229–238. 

[50]. Sleigh J, Harvey M, Voss L, Denny B. Ketamine—

more mechanisms of action than just NMDA 

blockade. Trends Anaesth Crit Care. 2014;4(2):76-

81. 

[51]. Svenson, J.E. and M.K. Abernathy, Ketamin for 

prehospital use: new look at an old drug. The 

American journal of emergency medicine, 2007. 

25(8): p. 977-980. 

[52]. Tamminga RY, Noordhoek M, Kroon J, Faber-

Nijholt R: Ketamin anesthesia with or without 

diazepam premedication for bone marrow punctures 
in children with acute lymphoblastic leukemia. 

Pediatr Hematol Oncol; 2000, 17:383-388 

[53]. Van Der Bijl P, Roelofse JA, Stander IA: Rectal 

ketamin and midazolam for premedication in 

pediatric dentistry. J Oral Maxillofac Surg; 1991, 

49:1050-1054. 

[54]. Verghese ST, Hannallah RS, Patel RI, Patel KM: 

Ketamin and midazolam is an inappropriate 

preinduction combination in uncooperative children 

undergoing brief ambulatory procedures. Paediatr 

Anaesth; 2003, 13:228-232 
[55]. Wathen JE, Roback MG, Mackenzie T et al. Does 

midazolam alter the clinical effects of intravenous 

ketamine sedation in children? A double-blind, 

randomized, controlled, emergency department trial. 

Ann Emerg Med 2000; 36: 579–588. 

[56]. Weksler N, Ovadia L, Muati G, Stav A: Nasal 

ketamin for paediatric premedication. Can J Anaesth; 

1993, 40:119-121 

[57]. White, P.F., W.L. Way, and A.J. Trevor, Ketamin--its 

pharmacology and therapeutic uses. Anesthesiology, 

1982(56): p. 119-36. 

[58]. White PF, Ham J, Way WL, Trevor AJ: 

Pharmacology of ketamin isomers in surgical 
patients. Anesthesiology; 1980, 52:231-239 

[59]. Wieber J, Gugler R, Hengstmann JH, Dengler HJ: 

Pharmacokinetics of ketamin in man. Anaesthetist; 

1975, 24:260-263. 

[60]. Zarate CA Jr, Singh JB, Carlson PJ, Brutsche NE, 

Ameli R, Luckenbaugh DA, Charney DS, and Manji 

HK (2006) A randomized trial of an N-methyl-D-

aspartate antagonist in treatment-resistant major 

depression. Arch Gen Psychiatry 63:856–864. 

[61]. Zhang, J.M., Wang, F., Xin, Z., Zi, T.T. and Lv, H., 

2015. Treatment of different-aged children under 

bispectral index monitoring with intravenous 
anesthesia with propofol and remifentanil. Eur Rev 

Med Pharmacol Sci, 19(1), pp.64-69. 

http://www.ijisrt.com/

