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ABSTRACT

Background: Preoperative anxiety is often associated with negative perioperative consequences. In this study we
compared intramuscular dexmedetomidine, a newer a2 agonist with more commonly used intramuscular ketamine
for premedication in pediatric anesthesia.Methods: Sixty children, aged 1 to 10 years, undergoing surgery under
general anesthesia, were enrolled for this prospective randomized double-blind clinical trial. Group A (n=30) received
2 mg/kg ketamine intramuscularly and group B (n=30) received 2 mcg/kg dexmedetomidine intramuscularly 15 min
before induction of anesthesia. Preoperative anxiety and sedation were assessed using modified Yale Preoperative
Anxiety Scale and Ramsay Sedation Scale respectively for 15 min at 5 min interval. All the patients were then
anesthetized and the hemodynamic response and any adverse events intraoperatively and postoperatively were noted.
Results: Reduction in incidence of severe anxiety was comparable in both the groups after 15 min of premedication (70% in
group Avs33.4%in group B at 5 min, p<0.001, 80%in group Avs 70%in group B at 10 min, p=0.088, 80% in group Avs 76.7%in
group Bat 15 min, p=0.644). Group A patients were more sedated than group B patients (6.7%in group Avs 0% in group Bat 5
min, p=0.150, 63.3%ingroup Avs 16.7%ingroup Bat 10 min, p<0.001, 76.7%in group Avs 16.7%in group Bat 15 min, p<0.001).
Conclusion: Intramuscular dexmedetomidine provides comparable anxiolysis with less sedation than intramuscular
ketamine as premedicant in pediatric patients.
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INTRODUCTION of the settings.*

Perioperative anxiety in children can cause several
physiological and  behavioral complications

Though premedication is common, there is no widely
accepted consensus on drug regimens and routes

intraoperatively as well as postoperatively which
can last several days to weeks.! It begins as soon as
the surgical procedure is planned and increases to
maximal intensity, the moment the child enters the
hospital.2 Therefore, it is essential to treat anxiety
before surgery in children.

Even though a number of strategies have been tried
for paediatric anxiolysis at induction of anaesthesia
or separation from parents and found to be
effective, however, not all are logistically feasible or
even appropriate in resource constraint settings.?
Neverthless, pharmacologic premedication is not
only exceedingly effective but also feasible in most

with each having their own merits and drawbacks.>®
Intramuscular (IM) medications, though cause
minimal pain and discomfort at the site of injection,
are, however, easy to administer, effective and have
a good bioavailability.7

Intramuscular ketamine (2-4 mg/kg) combined with
atropine (0.02 mg/kg) is generally used for children
who refuse oral premedication, thoseinwhom lighter
premedication regimens have failed in the past or
those with anticipated difficult venous access.” It is
being successfully used widely as a premedication
due to the ease of administration and effectiveness
without any significant side effects or complications.
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Dexmedetomidine is a highly selective newer
agonist of a2-adrenergic receptors8 which has
demonstrated sedative, analgesic, anxiolytic,
decongestant, antisialagogue, antishivering and
antiemetic effects after administration to volunteers
and postsurgical patients.*'%'*2 Dexmedetomidine
injected intramuscularly has also shown sedative
and anxiolytic effects in adults and children.341516

Reports of studies comparing intramuscular
ketamine and dexmedetomidine as premedicants
in children are lacking or sparse in the literature.
Therefore, the present study aimed to compare
intramuscular dexmedetomidine with intramuscular
ketamine for preoperative anxiolysis and sedation in
children before induction of anesthesia.

METHOD

Sixty American Society of Anesthesiologist (ASA)
physical status | children, aged 1 to 10 years,
undergoing surgery under general anaesthesia were
enrolled in this prospective, randomized, double-
blind, clinical trial after obtaining ethical clearance
from the Institutional Ethical Review Board (IERB) of
B. P. Koirala Institute of Health Sciences

(BPKIHS) (IERB/287/014) and written informed
consent from the parents of each enrolled children.
The children were randomly assigned into two
groups, ketamine group (group K, n=30) and
dexmedetomidine group (group D, n=30) via a
computer generated random number sequence.

Children with history of allergy or hypersensitivity
reaction to dexmedetomidine or ketamine and
atropine, cardiac arrhythmia or congenital heart
diseases, active upper respiratory tract infection
within previous two weeks or having known lung
disease or airway abnormalities, seizure disorder or
mental retardation or under any medications that
can provoke seizures, and those taking medications
that can cause hypotension and bradycardia were
excluded from the study. The study was conducted
from 31st June, 2014 to 1st July, 2015 in the Routine
Operation Theatre complex of BPKIHS.

The sample size was calculated based on finding
of studies by McGlone et al.17 who observed
percentage of children who were sedated with
ketamine 2 mg/kg IM to be 90.3% and Mason et al.16
who observed adequate sedation in 55% of children
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given dexmedetomidine 2.4 mcg/kg IM. A power
of 80%, alpha value of 0.05, and the percentage
of children who were adequately sedated on both
groups were taken for calculation and the sample
size was calculated to be 25 for each group. To
compensate for the possible dropouts, 30 children
were enrolled in each group.

All the enrolled children were kept fasting according
to standard pediatric fasting guidelines and not
premedicated on the night before surgery. Baseline
systolic and diastolic blood pressure together with
heart rate was noted as the mean of two readings
taken 5 min apart on the day before surgery in
respective wards where the child was admitted.
On arrival to the preoperative holding area, each
child was assessed for anxiety and sedation prior to
intervention by modified Yale Preoperative Anxiety
Scale®® and Ramsay Sedation Scale?*?! respectively
by the investigator responsible for observing the
outcome. A modified Yale Preoperative Anxiety Scale
score below 30 indicated no anxiety, between 30 and
70 indicated some anxiety and above 70 indicated
very anxious children. A minimum Ramsay Sedation
Score of 4 was accepted as adequate sedation.
Oxygen, suction facilities, self inflating resuscitation
bag and mask, equipment for intubation, and drugs
for resuscitation was made available at all times. A
pulse oximeter probe was connected throughout
the procedure. The study medications were then
administered intramuscularly into the gluteal
muscle via a 25G needle by an anaesthesia assistant
not involved in the study. Pulse rate and oxygen
saturation (Sp02) were recorded at the time of drug
administration and at 2.5 min intervals up to 15 min
after which anaesthesia was induced in the child.
The preoperative anxiety score and sedation score
were also evaluated every 5 min after study drug
was given till full induction of anesthesia.

After 15 min of administration of study drugs, the
child was shifted to the operating room and standard
monitoring devices viz NIBP cuff, ECG leads, pulse
oximeter probe were attached. Intravenous (IV)
cannulation was attempted prior to induction of
anaesthesia in adequately sedated and cooperative
children. In inadequately sedated or anxious
children on operation table, anaesthesia was
induced with inhalation of halothane in oxygen and
their peripheral IV access secured by an experienced
anaesthesiologist. Subsequently IV glycopyrrolate 4
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mcg/kg was administered in all the children. In children with already established IV access, anesthesia
was induced with IV propofol 2.5 mg/kg and IV fentanyl 1.5 mcg/kg. After achieving adequate depth of
anesthesia, an appropriately sized laryngeal mask airway (LMA) was inserted as per the manufacturer’s
instructions. Anaesthesia was maintained with 1.0-2.0 MAC end-tidal concentration of isoflurane in 100%
oxygen to maintain immobility and eucapnoea and intravenous bolus of fentanyl administered for analgesia
as required. Hydration was provided with lactated Ringer’s solution as per the standard protocol.

Hypotension was defined as a decrease of mean arterial pressure of more than 20% from the baseline
readings and was treated with IV crystalloid fluid bolus of 10 ml/kg. Similarly hypertension was defined
as an increase of mean arterial pressure of more than 20% from the baseline readings and treated by
increasing the percentage of inhalation agent. Bradycardia was defined as HR less than 20% of the baseline
readings and treated with IV glycopyrrolate 4 mcg/kg. Tachycardia was defined as HR more than 20% of the
baseline readings and treated with IV fentanyl 0.5 mcg/kg.

IV ondensetron 0.15 mg/kg was given 15 min prior to the end of the surgery. On completion of
the surgery, isoflurane was discontinued and LMA removed on deeper plane of anaesthesia. The
percentage requirement of isoflurane and intraoperative incidence of any adverse events were recorded.
The child was then transferred to post anaesthetic care unit and a registered nurse blinded to the study
monitored the vitals and nausea, vomiting, shivering and any other post operative complications. The
children were discharged after they attained the modified Aldrete score of 9.

The data collected was entered into MS excel software 2007 and exported it into SPSS (Statistical Package
for Social Science - 11.5) for statistical analysis. For normally distributed data, Unpaired and Paired Student-t
test, for non-normally distributed data, Unpaired and Paired Student-t test, for non-normally distributed
data, Wilcoxan Signed Rank test and Mann Whitney U test and for proportion, Chi-square test and Fishers
exact test were applied to find out significant difference among and between the groups at 95% confidence
interval where p = 0.05. For descriptive statistics, mean, S.D., percentage, proportion, median, interquartile
range were calculated wherever applicable.

RESULTS

Sixty patients were enrolled, randomized and analyzed in the study, 30 in group K (ketamine) and 30 in
group D (dexmedetomidine). (Figure 1)

b
[ Enrollment J| Assessed for eligibility (n= 65) |

Excluded (n=2)
Declined to participate (n= 3)

v

| Randomized (n= 60) |

v
l [ Allocation ] l
Allocated to receive ketamine (n= 30) Allocated to receive dexmedetomidine (n= 30)
+ Received allocated intervention (n= 30) + Received allocated intervention (n= 30)
+ Did not receive allocated intervention (n= 0) + Did not receive allocated intervention (n= 0)
| [ Follow-Up 1 1
Discontinued intervention (n= 0) l l Discontinued intervention (n= 0)
A 1[ Analysis } A
Analysed (n= 30) Analysed (n= 30)
+ Excluded from analysis (n= 0) + Excluded from analysis (n= 0)
Figure 1

Figure 1: Flow diagram of study
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Baseline demographic characteristics are shown in table 1 and are comparable in both the groups.

Table 1: Comparison of demographic characteristics between the two groups

Variable Group D (n=30) Group K (n=30) p-Value
Male 20 (66.67%) 19 (63.33%)

Gender 0.787
Female 10 (33.33%) 11 (36.67%)

Age (years) 5.94 + 2.57 5.95+2.77 0.985

Weight (kg) 18.23 £5.85 17.53£5.57 0.637

Values are in mean +/-SD, numbers (%)

Table 2: Comparison of degrees of anxiety based on m-YPAS* between the two groups

Group K (n=30) Group D (n=30) p-value

Time interval No anxiety Some anxiety Very anxious No anxiety Some anxiety Very anxious

Prior to 0 (0%) 6 (20%) 24 (30%) 0(0%) 4(13.3%) 26 (86.7%) 0.492
premedication

5 min 0 (0%) 27 (90%) 3 (10%) 0(0%) 14(46.7%) 16 (53.3%) <0.001
10 min 0 (0%) 30 (100%) 0 (0%) 1(3.3%) 24 (80%) 5(6.7%) 0.088
15 min 0 (0%) 30 (100%) 0 (0%) 2(6.7%) 25(83.3%) 3(10%) 0.644

Values are in numbers (%)
*m-YPAS — modified Yale Preoperative Anxiety Scale

When data were analyzed within each group, in group K, there was a decrease in, m-YPAS after 5 min, 10
min and 15 min from baseline prior to premedication. This difference in rank was statistically significant (p <
0.05) at all point of measurement after premedication. Similar trend was also found in group D.

Table 3: Comparison of degrees of sedation score (RSS*) between the two groups

Group K (n=30) Group D (n=30)
p-value

Time interval Not adequately Adequately Not adequately Adequately

sedated (RSS<4) sedated (RSS24) sedated (RSS<4) sedated (RSS24)
Prior to
premedication 30 (100%) 0 (0%) 30 (100%) 0 (0%) -
5 min 28 (93.3%) 2 (6.7%) 30 (100%) 0 (0%) 0.154
10 min 11 (36.7%) 19 (63.3%) 25 (83.3%) 5 (16.7%) <0.001
15 min 7 (23.3%) 23 (76.7%) 25 (83.3%) 5 (16.7%) <0.001

Values are in numbers (%)
*RSS — Ramsay Sedation Score
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When data were analyzed within each group, in group
K, there was no significant difference in sedation after
premedication for the first 5 min (p =0.157), but there
was an increase in sedation after 10 min and 15 min,
which was statistically significant (p < 0.001). Similar
trend was also found in group D.

The mean heart rate at baseline was comparable
between the two groups (p = 0.544). Thereafter
the mean heart rates between the two group
after premedication at various time interval were
statistically comparable (p value > 0.05) though group
K patients had slightly higher rates as compared
to group D patients. However, after induction of
anesthesia, the heart rates were significantly higher
at all observation points in group K as compared to
group D (p < 0.05) (Figure 2).

Heart Rate
130 -
125 T—
E < . .
- A2 w——(roup K
=115
£ 110 w—(roup D
-
$105
=100
Imin 2.5 S5min 75 10 125 15 1min3 minSmin 10 15
min min  min | min  min min  min
Baseline After premedication After induction

Time interval in minutes

Fig. 2: Comparison of mean heart rates (bpm) between the two groups
The average mean arterial pressure at baseline was
significantly less in group D than in the group K (p =
0.037). After that average mean arterial pressure was
comparable between the two groups (p value > 0.05)
at all time points of measurement (Figure 3).

MAP

W Group K
W Group D

MAP mm Hg

After induction

Baseline

Time interval in minutes

Fig 3: Comparison of MAP measurements between the two groups at different
points of measurements.

The mean percentage of isoflurane requirement was
comparable between the two groups (p value > 0.05) at all
points of measurement.

In terms of adverse events, shivering was observed
in one patient and laryngospasm in two patients
in the postoperative period in group K. Both cases
were managed successfully with the local protocols.
There were no incidence of postoperative nausea and
vomiting

DISCUSSION

In our study, we found that both dexmedetomidine
and ketamine when given intramuscularly provided
comparable anxiolysis. Regarding sedative effects,
we found ketamine to be a better sedative
than dexmedetomidine at 10 and 15 min after
administration in children undergoing surgery under
general anesthesia. In literature search, we did not
find any study with the study design similar to ours
for close comparison with our findings. Three studies
compared dexmedetomidine and ketamine for their
sedative effect in children.

Singh et al.22 compared the analgo-sedative effects
of oral dexmedetomidine and ketamine in a triple-
blind, randomized study and found that the onset of
sedation was significantly rapid with ketamine 8 mg/
kg and 5 mcg/kg of dexmedetomidine as compared
to 3 mcg/kg and 4 mcg/kg of dexmedetomidine. Our
study differs from this study not only in terms of route
of administration but also in dose of the drugs used
to premedicate the children. We used intramuscular
route and lower doses; ketamine in a dose of 2 mg/kg
and dexmedetomidine in a dose of 2 mcg/kg.

Ibrahim23 compared the effects of intranasal
dexmedetomidine 3 pug/kg with intranasal ketamine 7
mg/kg for procedural sedation in school aged children
undergoing MRI and observed that children treated
with ketamine achieved faster sedation at 10 min
point with P <0.05 and comparable sedation to those
treated with dexmedetomidine at 20 and 30 min
respectively. Again the route of drug administration
and dose of study were different from our study. The
investigator in this study used higher dose of both
study drugs as compared to our study.

Gyanesh et al.24 compared intranasal
dexmedetomidine 1 mcg/kg and intranasal ketamine
5 mg/kg and found that 90.4% of the anesthesiologists
in dexmedetomidine treated group and 82.7 % of
the anesthesiologists in the ketamine treated group
were satisfied with the conditions for IV cannulation
thus concluding both drugs to be equally efficacious
as premedicant in children undergoing MRI. Though
they used the same drugs in their study as ours, there
are several differences in the design and outcome
variables between theirs and our study. In our
study, we used intramuscular route as route of drug
administration and higher dose of dexmedetomidine
and lower dose of ketamine. . Further, our study did
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not compare anesthesiologist’s acceptance.

All the above three studies reported comparable
sedation success rates between ketamine and
dexmedetomidine, which is different from our
own findings. We found only 16.7% of patients
to be adequately sedated by our definition in
dexmedetomidine treated children as compared
to 76.7% in ketamine treated children. The time
allowed in different studies for the premedicants
before induction of general anesthesia most plausibly
explains the difference. Singh et al.22 allowed
adequate sedation before induction, lbrahim23
allowed 30 min for premedication before induction of
anesthesia and Gyanesh et al.24 allowed 60 min for
premedication. Those are much longer than only 15
min before induction of anesthesia in our case.

Our basis of allowing 15 min for premedication was
based on the works of Mason et al.18 who observed
mean time to achieve sedation with intramuscular
dexmedetomidine 2.9 pg/kg in the children
undergoing MRI, and 2.4 ug/kg in children undergoing
CT to be 13.1-13.4 min. Further, we assumed that a
higher bioavailability of study drugs achieved with
the intramuscular route would allow faster sedation
of children. However, our study showed that though
the onset of sedation with dexmedetomidine was
observed from 10 min of premedication, most of the
children were not adequately sedated even at the
end of 15 min suggesting longer time for peak effect
of dexmedetomidine with the intramuscular route.

In literature search, we did not find any previous study
directly comparing the anxiolytic effect of ketamine
and dexmedetomidine. Instead we found them being
compared with oral midazolam for anxiolytic effect in
children.

Alderson and Lerman25 and Sen et al.26 compared
oral ketamine 5 mg/kg and oral midazolam 0.5 mg/
kg for pediatric ambulatory anesthesia and found
similar or superior anxiolysis with oral ketamine. They
inferred an interval of 20 min to be sufficient between
premedication and parental separation.

Our findings compares with the findings of Alderson
and Lerman25 and Sen et al.26 by demonstrating
good anxiolysis in children treated with ketamine
with fast onset and consistency in anxiolysis score
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(90% anxiolysis at 5 min following premedication).
However, there are differences in the design of their
and our study. We used intramuscular route and
observed sufficient anxiolysis in children in 15 min.

A meta-analysis by Peng et al.27 investigating the role
of dexmedetomidine as a premedicant for pediatric
patients including thirteen randomized controlled
trials involving 1190 patients found premedication
with dexmedetomidine to result in more satisfactory
separation from parents as compared to midazolam
(RD =0.18, 95% Cl: 0.06 to 0.30, p = 0.003).

Our findings are similar to the meta-analysis in
eliciting the anxiolytic effect of dexmedetomidine.
However, unlike our findings, the meta-analysis has
shown dexmedetomidine to be a good sedative.
The reason for this discrepancy could be the time
allowed for the patients after premedication before
induction of general anesthesia. In our study, we
allowed 15 min after premedication before inducing
general anesthesia whereas in the studies included
in the meta-analysis, the time of intervention and
dosing varied between 30 min to 60 min. This longer
time interval may have allowed dexmedetomidine to
exhibit its sedative effect in these studies. The other
explanation could be that though dexmedetomidine
exhibits sedation, the patients are easily arousable,
thus, limiting the level of sedation achieved as
“adequately sedated,” defined in our study as
Ramsay Sedation Score 2 4. Also, the study design
differed in that we used intramuscular route for
premedication, and others have used intranasal, oral,
trans mucosal, and sublingual route and there have
been no studies suggesting the equivalent dosing of
dexmedetomidine through various routes.

In our study, we found that there was a significant
difference in anxiolysis between the two arms in our
study for the first 5 minutes, after which the anxiolysis
between the two study groups was comparable. On
comparing anxiolysis within each group, our study
further revealed that anxiolytic effect significantly
increased with time in both the groups. The
discrepancy between the two drugs can be explained
by the faster onset of anxiolysis with ketamine as
compared to dexmedetomidine. The comparable
anxiolysis seen after 10 and 15 min of premedication
in both the groups suggests good anxiolytic effects of
both the drugs.



Bhandari et al, Journal of Chitwan Medical College 2017; 7(22)

Even though oral route is the most preferable route
for premedication, we decided to use intramuscular
route for various reasons including unavailability of
oral formulation of appropriate premedicants, the
problem of children not swallowing or spitting out of
the drug, delayed onset of action, which is likely to
unnecessarily delay the surgery. Further, securing an
intravenous access for IV sedation can be difficult in
struggling and boisterous children in the preoperative
room and they may be made more upset by
introducing the drug into their nose and rectums
rather than by an intramuscular injection.

We observed no significant difference in heart rates
between the two drugs before induction during our
observation period of 15 min. After induction of
anesthesia, we found that children premedicated
with dexmedetomidine had lesser change in heart
rate when compared with preinduction and baseline
heart rate. On the other hand, children premedicated
with ketamine had a significant increase in heart
rate when compared with baseline heart rate. We
attribute this finding to the attenuating effect of
dexmedetomidinel3 to LMA insertion. Though the
mean MAP prior to induction of anesthesia was less in
dexmedetomidine treated children than in ketamine
treated children which we attribute to chance due
to our relatively small sample size, however, the
difference in MAP in between the two groups was not
statistically significant. Further, children premedicated
with dexmedetomidine required less isoflurane than
those premedicated with ketamine but not to the
level of statistical significance.

One child premedicated with ketamine developed
shivering in postoperative recovery area. Two
children premedicated with ketamine developed
laryngospasm in the postoperative recovery room but
was manageable with the application of continuous
positive airway pressure. Both the children were
not adequately sedated and we suspect increased
secretions to have precipitated the condition.

Dexmedetomidine, is considered a weak antiemetic10
but ketamine increases the incidence of postoperative
nausea and vomitting.28 However, our study showed
no incidence of nausea and vomiting in either
groups. This may be due to the fact that we gave IV
ondansetron to all patients involved in the study intra-
operatively, which may have attenuated the nausea

and vomiting response postoperatively.

The major limitation in our study is the time allowed
for premedication. We allowed only 15 min before
inducing general anesthesia after premedication
considering the time constraint and delay in starting
the surgery. Had we allowed a longer period for
premedication, our result for sedation could have
been different. Similarly, we used intramuscular
route which though is effective, but not ideal
route of premedication in children. Similarly, the
equivalent dosing is not available for ketamine and
dexmedetomidine as well as among various routes of
dexmedetomidine, which warrants further research
in this direction.

CONCLUSION

The  anxiolytic  property of Intramuscular
dexmedetomidine 2 mcg/kg is comparable with
intramuscular ketamine 2 mg/kg but less effective
as sedative in children premedicated for general
anesthesia with attenuation of hemodynamic
response to LMA insertion and lesser adverse events
as compared to ketamine.

Informed consent: Informed consent was obtained
from all the parents whose children were included in
the study.
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