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Abstract: Ketamine is a non-barbiturate cyclohexamine derivative which produces a state of sedation, immobility, 
analgesia, amnesia, and dissociation from the environment. One of the most important advantages of ketamine 
premedication is production of balanced sedation with less respiratory depression and less changes in blood pres-
sure or heart rate. As its effects on intracranial pressure, the possible effect of ketamine on intraocular pressure has 
been controversial overtime. In this study, we aimed to demostrate all the advantages and possible side effects of 
ketamine premedication in 100 children with retinablastoma undergoing ophthalmic surgery. All the children were 
premedicated with ketamine 5 mg kg-1 15 minutes before the examination orally and peroperative complications, re-
action to intravenous catheter insertion, need for additive dose and intraocular pressures of children were recorded. 
We showed that ketamine administration orally is a safe and effective way of premedication for oncologic patients 
undergoing examination under general anaesthesia. The incidence of agitation, anxiety at parental separation and 
reaction to insertion of intravenous catheter was very low while adverse side effects were seen rarely. Intraocular 
pressure which is very important for most of the ophthalmic surgery patients remained in normal ranges. 
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Introduction

Perioperative period is a stressfull experience 
for both patients and their families. But this 
period often becomes extremely traumatic for 
younger patients. It is estimated that about 
70% of all children exhibit significant stress and 
anxiety before surgery [1]. Extreme preopera- 
tive anxiety has been reported to result in nega-
tive postoperative outcomes [2]. So, preopera-
tive management of anxiety is necessary in 
pediatric anesthesia. 

Midazolam is a benzodiazepine with rapid 
onset of action and relatively short duration of 
action [3]. Currently midazolam is the most 
commonly used premedication [4] but but  
several studies have shown that satisfactory 
results are seen in only 60-80% of cases [5]. 

Ketamine is a non-barbiturate cyclohexamine 
derivative which causes dissociation of the cor-
tex from the limbic system [6]. It produces a 
state of sedation, immobility, analgesia, amne-

sia, and dissociation from the environment [3]. 
One of the most important advantages of ket-
amine premedication is production of balanced 
sedation with less respiratory depression and 
less changes in blood pressure or heart rate 
[7]. The major drawback of ketamine premedi-
cation about respiratory system seems to be 
increase in salivation and bronchial secretions 
which can lead to laryngospasm [8]. 

As its effects on intracranial pressure, the pos-
sible effect of ketamine on intraocular pressure 
(IOP) has been controversial overtime [9]. In 
early 1970s, Yoshikawa have reported ket-
amine to increase IOP significantly in children 
[10] but later studies [11-17] have shown ket-
amine not to raise IOP, therefore recommended 
its usage for ophthalmic procedures requiring 
sedation or anesthesia. 

In this study, we aimed to demostrate all the 
advantages and possible side effects of ket-
amine premedication in children in a single 
group undergoing ophthalmic surgery.   

http://www.ijcem.com
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Methods

After approval of the Hospital’s Ethics 
Committee and parental written informed  
consent, 100 children with ASA status II, aged 
between 7 to 96 months, and undergoing 
examination under general anaesthasia due  
to retinoblastoma were included in the study. 
Patients with cardiovascular, pulmonary or neu-
rologic diseases or current upper respiratory 
infection were excluded from the study.   

All the children were premedicated with ket-
amine 5 mg kg-1 orally by the same anesthesilo-
gist. 15 minutes after the premedication, they 
were seperated from their parents and taken  
to the operation room. Standard monitorization 
included pulse oximetry, non-invasive blood 
pressure and heart rate. Respiratory rates of 
children were also counted at each minute. 

In preoperative period, the presence of agi- 
tation, tashycardia, nausea and vomiting, 
increase in salivation and reaction to intrave-
nous catheter insertion were recorded. If the 
patient became agitated, intravenous catheter 
was placed with the help of sevoflurane 
induction. 

Intraoperatively reactions (such as trying to 
turn head, closing eyes, moving arms and legs) 
to blepharostat, cryotherapy or laser usage, 
need for additive anesthetic dose and compli-
cations such as laryngospasm, hypocapnia, 
plugs due to increased salivation, arrythmia, 

skin eruption and anaphylaxis were observed. 
At the end of the operation, operation time was 
recorded and all the children were subsequent-
ly transferred to the recovery room. 

In the recovery room, children were evaluated 
with Alderete scor at 10 minute intervals and 
early postoperative complications were record-
ed meanwhile. After two hours in the recovery 
room, all the patients were sent to the ward. 

In the postoperative period, the time needed 
for tolerence of oral feeding was recorded by 
the nurses. Also FLACC (Face, Legs, Activity, 
Cry, Consolability) Behavioral Scale, nausea 
and voming were recorded at postoperative 
30., 60. and 120. minutes. FLACC behavioral 
pain scale which has 5 behavioral categories 
as facial expression, leg movement, bodily 
activity, cry or verbalization, and consolability 
were rated on a scale of 0 to 2 to provide an 
overall pain score ranging from 0 to 10 (Table 
1) [18]. In a recent study FLACC Behavioral 
Scale was shown to have excellent reliability 
and validity in assessing pain in children and 
critically ill adults [18].  

At the end of the operation, parents and sur-
geon satisfaction were asked and the results 
were evaluated as “bad”, “average”, “good” or 
“very good”.  

The parents were asked if they recognised any 
behavioral changes, agitation or anger, wit-
nessed an experience of nightmare, hallucina-
tion or enuresis at their children in the day of 
the operation and then 1, 2 and 30 days after 
operation with the help of a telephone conver-
sation. Hallucinations were asked at both  
preoperative, peroperative and postoperative 
periods.  

Statistical analyses were performed using 
SPSS for Windows 11.5 package program. 
Descriptive statistics were produced for a sin-

Table 1. Face, legs, activity, cry, consolability (flacc) behavioral scale
Item SCORE 0 SCORE 1 SCORE 2
Face No particular expression or smile Occasional grimace, frown, withdrawn or 

disinterested
Frequent to constant frown, clenched 
jaw, quivering chin

Legs Normal position or relaxed Uneasy, restless, or tense Kicking, or legs drawn up

Activity Lying quietly, normal position, moves easily Squirming, shifting back and forth, or tense Arched, rigid, or jerking

Cry No cry Moans, whimpers, or occasional complaint Crying steadily, screams or sobs, 
frequent complaints

Consolability Content, relaxed Reassured by occasional touching, hugging, 
or being talked to; distractible

Difficult to console or comfort

Table 2. Patient characteristics
Variables n=100
Age (month) 30 (7-96)
Weight (kg) 13 (6-25)
Height (cm) 88 (72-100)
Comorbidity (dk) 0 
Duration of operation (min) 20.74 (14-31)
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gle patient group. Continuous variables were 
shown via median (minimum-maximum) volues, 
while observation number and proportions (%) 
were used for categorical variables. The differ-
ence between the VAS at different follow up 
times was evaluated via Wilcoxon Sign Test. 
McNemar test was used to examine if there 
was any significant difference between the pre-
valances at different follow up times. Statistical 
significance was assumed for P values < 0.05.

The study was approved by the X regional 
research ethics committee (Ref: 07/A123/456) 

and registered with EudraCT (ref: 2007: 
123456: AA). 

Results  

In this study, 100 children were premedicated 
with ketamine and all the children were includ-
ed in the statistical analysis. The characteris-
tics of the children and duration of surgical pro-
cedure were seen in Table 2. 

The premedication was performed orally 15 
minutes before the operation. In preoperative 
period side effects of ketamine administration 
were recorded at the operating room. The most 
commenly seen side effect of ketamine was 
increase in salivation (12 patients) which was 
followed by tachycardia (6 patients). Nausea 
was seen in only one patient whereas none of 
the patients vomited. In 11 patients agitation 
was seen at the separation from parents and 
19 patients showed reaction against intraveo-
us catheter insertion, so overall 30 patients 
needed for sevoflurane induction for venous 
access. The distribution of patients according 
to preoperative clinical properties is seen in 
Table 3.   

Following the insertion of venous line, surgical 
operation started. Due to reaction to blepharo-
stat, cryotherapy or laser usage, additive anes-
thetic doses were required in 21 of the patients. 
In 5 of the patients, intraoperative complica-
tions such as laryngospasm, increase in secre-
ation and hallicunation were seen. The intraop-
erative data was seen in Table 4.  

At the end of the operation, all the patients 
were sent to recovery room and observed for 
two hours. Nausea and vomiting were seen in 
seven of the patients at 30. minute and two of 
the patients at 120. minute postoperatively. 
FLACC score was 0.13±0.37 at 30. minute and 
0.04±0.20 at 120. minute. The difference 
between FLACC score at 30. minute and FLACC 
skore at 120. minute was found to be signifi-
cantly important (Table 5).  

12 of the patients had right eye enucleation 
and 14 had left eye enucleation before this 
study. In the recovery room, patients’ intraocu-
lar pressure (IOP) of both eyes were measured 
and the found levels were grouped as “under 
10 mmHg”, “between 10 and 20 mmHg” and 
“higher then 20 mmHg”. The results are listed 
in Table 6. 

Table 3. Distribution of preoperative clinical 
properties
Variables n=100
Agitation 11
Reaction to intravenous catheter 19
Sevoflurane endication 30
Secretion 12
Tachycardia 6
Nausea 1
Vomiting 0
Hallucination after premedication 5

Table 4. Distribution of intraoperative side 
effects and clinical properties
Variables n=100
Secretion 2
Tachycardia 0
Vomiting 0
Laryngospasm 1
Reaction to blepharostat
    Eye closing 3
    Arm movement 10
    Head turning 2
Reaction to cryothrapy or laser
    Eye closing 1
    Arm movement 5
Need for additive dose 21

Table 5. FLACC score and incidence of nau-
sea and vomiting according to follow up time
Follow up time FLACC Nausea-Vomiting
30. min 0.13±0.37a 7 (7%)
60. min 0.07±0.26 4 (4%)
120. min 0.04±0.20a 2 (2%)
aThe difference between 30. and 120. minutes is sitatis-
tically significant (P=0.013).
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In both right and left eyes, the incidence of IOP 
higher that 20 mmHg after ketamine adminis-
tration was not found to be statistically 
important. 

At early postoperative period, four patients had 
hallucinations and no series complication was 
seen. Overall, 61 of the parents and 87 of the 
surgeons declared that level of the anesthetic 
procedure was “very good” and satisfactory 
(Table 7). 

The presence of behavioral changes, night-
mares, hallicunations and enuresis were asked 
at four different follow up times and it’s found 
that the most commen postoperative side 
effect was behavioral changes. 16 of the 

patients had behavioral changes at the opera-
tion day and the number decreased to 5 after 
30 days. The difference between the incidenc-
es of behavioral changes was found to be sig-
nificantly important at all the specified follow up 
times (Table 8). 

Discussion  

This study demonstrates that oral ketamine is a 
safe and effective way of premedication for 
oncologic patients undergoing examination 
under general anaesthesia. The incidence of 
agitation, anxiety at parental separation and 
reaction to insertion of intravenous catheter 
was very low while adverse side effects such as 
increase in secretion, laryngospasm and vomit-
ing were seen rarely. Intraocular pressure which 
is very important for most of the ophthalmic 
surgery patients remained in normal ranges. In 
the present study, ketamine premedication 
also decreased the anesthetic requirement of 
the children. 30 children needed sevoflurane 
induction while ketamine premedication pro-
vided a comfortable stuation for examination 
under general anesthesia at 70% of the 
patients. 

The preoperative anxiety usually come from 
children’s fear of separating from their parents, 
uncertainty related to anaesthesia, surgery  
and surgical outcome [1]. Extreme anxiety and 
stress before surgery has been reported to 
result in negative postoperative outcomes [2]. 

Three clinical phenomena have been described 
in children undergoing surgery: preoperative 
anxiety, emergence delirium, and new-onset 
postoperative maladaptive behavioral changes 
such as postoperative general anxiety, night 
time crying, enuresis, separation anxiety, apa-
thy, withdrawal, and temper tantrum [2]. Kain 
and colleagues have also shown that increased 
preoperative anxiety in children is associated 
with postoperative pain and may hinder recov-
ery [19]. Also it has been indicated that children 
with higher levels of preoperative anxiety were 
at 3.5 times higher risk for showing immediate 
postoperative period negative behavior as com-
pared to less anxious children [20].   

Over years, the interest for interventions direct-
ed at relieving chieldren’s anxiety has increased. 
These interventions may be psychological, such 
as the presence of parents or information pro-

Table 6. Distribution of IOP levels in both eyes
IOP Right eye (n=88) Left eye (n=86)
< 10 mmHg 6 (6.8%) 4 (4.7%)
10-20 mmHg 80 (90.9%) 80 (93.0%)
> 20 mmHg 2 (2.3%) 2 (2.3%)

Table 7. Distribution of the postoperative clini-
cal properties
Variables n=100
Postoperative hallucination 4
Parent satisfaction
    Average 1
    Good 38
    Very good 61
Surgeon satisfaction
    Good 13  
    Very good 87
Oral feeding time 60 (30-115)

Table 8. The incidences of behavioral chang-
es, nightmare, hallicunation and enuresis at 
different follow up times
Follow 
Up day

Behavioral 
changes

Night-
mare

Hallicu-
nation

Enure-
sis

Day 0 16 (16%)a,b,c 6 (6%) 4 (4%) 3 (3%)
Day 1 7 (7%)a 3 (3%) 4 (4%) 6 (6%)
Day 2 5 (5%)b 5 (5%) 2 (2%) 5 (5%)
Day 30 5 (5%)c 9 (9%) 2 (2%) 7 (7%)
aThe difference between day 0 and day 1 is statistically 
important (P < 0.05), bThe difference between day 0 and 
day 2 is statistically important (P < 0.05), cThe difference 
between day 0 and day 30 is statistically important (P < 
0.05).
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grams, or pharmacological, such as preanes-
thetic medication [21]. 

Currently midazolam is the most commonly 
used premedication [4, 22] and although it 
seems to meet most of the criteria, it is far from 
an ideal premedication. It causes an increased 
incidence of adverse effects such as postoper-
ative behavior changes, cognitive impairment 
[23], paradoxical reactions, and respiratory 
depression [24]. Several studies have shown 
that satisfactory results are seen in only 
60-80% of cases [5, 25, 26]. Also Griffith and 
colleagues have reported that at least 50% of 
children cry at the time of intranasal applica-
tion, so intranasal midazolam premedication 
casuses significant distress and unpleasant 
experience to children [27]. Ketamine is a non-
barbiturate cyclohexamine derivative which 
causes dissociation of the cortex from the lim-
bic system [6]. It produces a state of sedation, 
immobility, analgesia, amnesia, and dissocia- 
tion from the environment [3]. Ketamine has a 
complex mechanism of action but its analgesic 
and neuroprotective effects are thought to be 
due to non-competitive antagonism of NMDA 
and agonism of μ-opiate receptors [28, 29]. 

Ketamine has 12% protein binding and high 
lipid solubility, so its distribution is extensive in 
the body and rapidly absorbed after intrave-
nous, intramuscular, intranasal and oral admin-
istrations [30]. In a recent study, oral adminis-
tration of ketamine 6 mg kg-1 for pediatric pre-
medication have been shown to produce rapid 
onset of satisfactory sedation with appropriate 
amnesia and no cardiorespiratory side effects 
[31]. In current study, we prefer to use ketamine 
orally even in lower doses and in 89% of the 
patients we got excellant resulst at the parental 
separation within as short as 15 minutes. And 
only 19% of the patients showed reaction to 
insertion of intravenous catheter. 

Audenaert and colleagues have shown that 
ketamin, whether given as alone or with other 
drugs, provides cardiovascular stability, so it 
can be used as an induction drug for patients 
with unstable cardiovascular physiology [32]. 
The resultant haemodynamic effect is thought 
to be a balance between a direct negative ino-
tropic effect and central sympathetic stimula-
tion [33]. 

In the present study, none of the patients had 
bradycardia whereas preoperative tachycardia 

was recorded at only one patient. The non 
invase blood pressures measured after the pre-
medication were in normal ranges at all of the 
patients. 

In previous studies, ketamine has been report-
ed to increase pulmoner vascular pressure in 
both adults and children [33-35], but in a 
recent study Williams and colleagues have 
shown that ketamine does not increase pulmo-
nary pressure significantly in spontaneously 
breathing children anesthetized with sevoflu-
rane [36]. 

Becides, Shulman and colleagues have shown 
that kematine supports chest wall muscle tone 
and maintains functional residual capacity of 
the lung, so it has been reported not to cause a 
decrease in arterial blood oxygenation of chil-
dren breathing room air spontaneously [37]. 

In our study, none of the patients decreased 
oxygen saturation due to decrease in respira-
tory rate. Only one patients had laryngospasm 
and needed ventilation support. 

The major drawback of ketamine premedica-
tion about respiratory system seems to be the 
increase in salivation and bronchial secretions 
which can lead to laryngospasm [8]. Filatov  
and colleagues have reported that when com-
pared with rectal diazepam and diclofenac  
premedication, oral ketamine premedication 
causes singlificantly higher scores of stridor in 
children undergoing adenoidectomy [8]. On the 
other hand, Gutstein and colleagues have com-
pared placebo with oral ketamine 3 mg kg-1 and 
oral ketamine 6 mg kg-1 premedications and in 
this study the amout of oral secreations pres-
ent in intubation were similar. The incidence of 
laryngospasm did not differ significantly am- 
ong groups [31]. In our study, respiratory side 
effects due to ketamine premedication were 
minimal. Increase in secretion was seen only in 
12 patients preoperatively and two patient at 
intraoperative period. As mentioned before, 
laryngospasm was recorded only in one patient 
at intraoperative period and needed ventilation 
support. 

In the case-control and case-report studies  
of 1970s, ketamine have been reported to 
increase cerebral blood flow and intracranial 
pressure. So it was recommended to avoid ket-
amine usage in patients with head injuries and 
intracranial diseases [38-40]. Nevertheless 
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very recently Filanovsky and colleagues have 
documentated several studies [41-43] report-
ing that ketamine did not cause a significant 
increase in intracranial pressure in head-
injured patients. They have claimed that ket-
amine appears to be the perfect agent for the 
induction of head-injured patients [44].  

Just like the effect on intracranial pressure, the 
possible effect of ketamine on intraocular pres-
sure (IOP) has been controversial overtime [9]. 
In early 1970s, Yoshikawa have reported ket-
amine to increase IOP significantly in children 
[10]. In 1981, Norbury and colleagues have 
studied on 20 adult patients undergoing oph-
talmic surgery and compaired the effects of 
inhalation anaesthesia versus flunitrazepam 
and ketamine combination on IOP. A significant 
decrease of IOP was reported in both groups 
[12]. In 1999 Frey and colleagues have com-
paired propofol and propofol-ketamine seda-
tion on 66 patients undergoing cataract extrac-
tion and intraocular lens implantation surger-
ies. They have shown similar reductions in IOP 
after administration of the hypnotic dose of the 
study drugs in both groups [14]. 

In early 2000s, s(+)-ketamine which is an enan-
tiomer of racemic ketamine reported to have 
double analgesic and anesthetic potency, less 
psychomimetic side effects, less salivation, 
less loading of substance and faster elemina-
tion, started to replace racemic ketamine in 
Europe [45]. In 2002 Becker and colleagues 
have studied on adult patients undergoing cat-
aract surgery to observe the changes on IOP, 
but this time ketamine was compared with not 
only other drugs such as propofol and fentanyl, 
but also s(+)-ketamine. There were no signifi-
cant difference on IOP among all groups. The 
have concluded that s(+)-ketamine seemed to 
be a safer choice of drug because of a high 
spontaneous breathing rate and lower concen-
tration when compared to ketamine [15]. 

In 2007 Blumberg  and colleagues have shown 
the effects of sevoflurane and ketamine pre-
medications on IOP. The study was carried on 
children during examination under anesthesia 
and IOP was found significantly lower in the 
sevoflurane group. The resources have report-
ed that IOP measured after ketamine sedation 
is more likely to represent the awake measure-
ments [16]. 

In 2010 this time Jones and colleagues have 
shown the effects of sevoflurane and ketamine 
on IOP. Eight children with glaucoma undergo-
ing examination under anaesthesia were 
included in the study. The children were pre-
medicated with either intramuscular injection 
of ketamine 5 mg kg-1 or intravenous injection 
of ketamine 2 mg kg-1. Later anaesthesia was 
maintained with sevoflurane. They have report-
ed that sevoflurane lowered the IOP significant-
ly compared with ketamine. The IOP was similar 
in subgroups of ketamine premedication [17]. 
In our study, totally 174 eyes were observed 
and in only four of them, IOP were found to be 
over 20 mmHg, but this incidence was not 
found to be statistically important. So we can 
say that oral ketamine 5 mg kg-1 premedication 
did not increase IOP over normal ranges at chil-
dren with retinoblastoma. 

As it is mentioned above, children with higher 
levels of preoperative anxiety were at 3.5 times 
higher risk for showing immediate postopera-
tive period negative behavior as compared to 
less anxious children [20]. In our study, behav-
ioral changes were seen in only 16% of the 
patients at the operation day. This ratio 
decreased to 5% after 2 days. The incidence of 
hallucinations were as low as 2% 30 days after 
the operation whereas the incidence of night-
mares and the presence of enuresis increased 
slightly overtime. But this increase was not 
found to be statistically important. It should be 
indicated that all of these oncologic children 
underwent examinations or enucleation opera-
tion before. They all have history of anesthesia. 
So we can not determine if some of these 
adverse reactions result from recent anaesthe-
sia and hospital experiences or not.    

Currently midazolam is the most commonly 
used premedication for children [4, 22], where-
as satisfactory results are seen in only 60-80% 
of patients [5, 25, 26]. In our study 38% of par-
ents evaluated the anesthesia prosedure as 
“good” and 61% said that it was “very good”. So 
we can conclude that 99% of the parents were 
satisfied from the anesthesia prosedure. On 
the other hand, 13% of the surgeons’ evalua-
tion was “good” and 87% of them said that it 
was “very good”. So 100% of surgeons evalu-
ated ketamine premedication as satisfactory.   

We conclude that contrary to traditional 
approaches, oral ketamine administration is a 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Norbury A%22%5BAuthor%5D
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safe, affective, rapid and easy way of premedi-
cation for children undergoing ophthalmic  
surgery. It prevents preoperative anxiety and 
decreases anesthetic requirement with unsig-
nificant side effects.
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