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anxiolytic and sedative premedication in children
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ABSTRACT

Background: Preanaesthetic medication plays an important role in the anaesthetic care of children by allaying anxiety, decreasing vagal stimulation and

preventing postoperative psychological sequelae. This study was undertaken to evaluate the efficacy of dexmedetomidine when administered orally as a

hypnotic and anxiolytic compared to oral combination ketamine/midazolam as preanaesthetic medication in paediatric patients.

Methods: Sixty-six children aged 2-6 years posted for elective surgical procedures were randomly allocated to one of two groups ‘Group D’ and ‘Group MK.
Group D received oral dexmedetomidine 3 pg/kg and group MK received 0.25 mg/kg oral midazolam (up to a maximum of 15 mg) mixed with 2.5 mg/kg
oral ketamine. Drug acceptance was noted. Heart rate, arterial pressure, respiratory rate, sedation score and anxiolysis score were noted before drug

administration and every 5 min for up to 30 min after drug administration. Parental separation score at 30 min and mask acceptance score in addition to

parental satisfaction were also noted.

Results: premedication with oral MK appeared to be superior to oral dexmedetomidine, in addition to evident haemodynamic stability and higher degree of

parental satisfaction (90%), but 97% of children better accepted oral dexmedetomidine. No significant side effects were attributable to either

premedication. Emergence from anaesthesia was comparable between groups.

Conclusion: premedication with oral midazolam ketamine appeared to be superior to oral dexmedetomidine, with evident haemodynamic stability and a

higher degree of parental satisfaction, although oral dexmedetomidine was more accepted by the children.
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Introduction

Fear of physicians, injections, operations, the operation theatre
and the forced separation from parents make the operative
experience more traumatic for young children and can cause
nightmares and postoperative behavioural —abnormalities.
Preanaesthetic medication may decrease the adverse
psychological and physiological sequelae of induction of
anaesthesia in a distressed child'. An important goal of
premedication is to have the child arrive in the operating room
calm and quiet with intactcardiorespiratoryreflexes. Various
drugs have been advocated as premedication to allay anxiety
and facilitate the smooth separation of children from parents.
The idealpremedicantin children should be readily acceptable
and should have a rapid and reliable onset with minimal side
effects. Midazolam has sedative and anxiolytic activities,
provides anterograde amnesia, and has anticonvulsant
properties’. Ketamine, on the other hand, provides well-
documented anaesthesia and analgesia. It has a wide margin of
safety, as the protective reflexes are usually maintainedOral
premedication with midazolam and ketamine became widely
used inpaediatric anaesthesiato reduce emotional trauma and
ensure smooth induction. It provided better premedication than
either oral ketamine or midazolam alone?, but excessive

salivation and hallucination were observed®.

Dexmedetomidine is a highly selective 02-adrenoreceptor
agonist drug. Clinical investigations have demonstrated its
sedative, analgesic and anxiolytic effects after IV administration

to volunteers and postsurgical patients®. It has been used to
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sedate infants and children during mechanical ventilation and
also to sedate children undergoing radiological imaging
studies®In  the literature, few articles have used
dexmedetomidine orally for the premedication of children. The
purpose of this study is to evaluate the efficacy of
dexmedetomidine when administered orally as a hypnotic and
anxiolytic  agent  compared to  oral  combination
ketamine/midazolam  as  preanaesthetic medication in

paediatrics.
Methods:

The Hospital Ethics Committee approved the protocol.
Weritten informed consent was obtained from parents prior to
inclusion. Sixty six children of ASA physical status I or II, aged
between 2 and 6 years and scheduled for elective minor surgery
of more than 30 minutes expected duration were enrolled in
this prospective, randomized, double-blind study. Exclusion
criteria were: a known allergy or hypersensitivity reaction to any
of the study drugs, organ dysfunction, cardiac arrhythmia or

congenital heart disease, and mental retardation.

Children were randomly allocated to one of the two study
groups using computer-generated random numbers. Group D
received oral dexmedetomidine 3 pg/kg and group MK received
0.25 mg/kg oral midazolam (up to a maximum of 15 mg) with
2.5 mg/kg oral ketamine. The oral premedication was mixed
with 3 ml of apple juice as a carrier to be given thirty minutes
before induction of anaesthesia. The oral route was chosen as it

is the most acceptable and familiar mode of drug




administration. An independent investigator not involved in the
observation or administration of anaesthesia for the children
prepared all study drugs. Observers and attending anaesthetists
who evaluated the patients for preoperative sedation and
emergence from anaesthesia were blinded to the drug
administered. Children had premedication in the preoperative
holding area in the presence of one parent. All children received

EMLA cream unless contraindicated.

After drugs were administrated, the following conditions were
observed: 1) response to drug and onset of sedation, 2) response
to the family separation circumstance and the entrance to the
operating room, 3) response to the venous line (IV) insertion,
4) ease of mask acceptance during induction of anaesthesia. The
time to recovery from anaesthesia and to achieve satisfactory
Aldrete score were also noted. Onset of sedation was defined as
the minimum time interval necessary for the child to become

drowsy or asleep.

Sedation statuswas assessed every 5 min for up to 30 min with a
five-point scale. A score of three or higher was considered
satisfactory. In addition anxiolysis was assessed on a four-point
scale. An anxiety score of three or four was considered
satisfactory. Cooperation was assessed with a four-point scale. A
cooperation score of three or four was considered satisfactory.
Taste acceptability was evaluated on a four-point scale. A score

of 1-3 was considered satisfactory.

Score|Sedation | Anxiolysis| Cooperation | Taste

1 Alert/active | Poor Poor Accepted readily

2 Upset/wary | Fair Fair Accepted with grimace
Accept with

3 Relaxed Good Good coeptwt .
verbalcomplaint

4 Drowsy  |Excellent |Excellent  |Rejected entirely

5 Asleep

Heart rate, blood pressure, respiratory rate and arterial oxygen
saturation were recorded before premedication, every five
minutes for 30 min preoperatively, and then during induction
of anaesthesia, every 5 min intra-operatively, every 15 min in
recovery room and every 30 min in day-case unit until time of

discharge.

The anaesthetic agents administered were
standardized.Children were induced with sevoflurane, nitrous
oxide in oxygen and fentanyl 1-2 pg/Kg and maintained with
the same drugs. The trachea was intubated after administering

cisataracurium 0.1 mg/kg.

At the end of the procedure, the neuromuscular blockade was
reversed with neostigmine with glycopyrolate and the child was
extubated. After that, they were kept in the recovery room
(PACU) under observation until discharge. The time to
recovery from anaesthesia and to achieve satisfactory Aldrete

score were noted. The discharge time was also noted and
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postprocedure instructions were given. Children were called for
checkups the following day, when parents were asked to answer
a questionnaire about the surgical experience of the parent and

child and side effects experienced, if any.

Statistical analysis was performed using SPSS version 17. All
values were reported as mean + SD and range. Data analysis for
numerical data was performed by unpaired Student’s t-test to
detect the differences between the groups for age, weight, onset
of anxiolysis and sedation. Data analysis for categorical data was
performed by Fisher’s exact test to detect differences for the
scores. Other data are reported as mean + SD or frequency (%).
A P value < 0.05 was considered statistically significant. Prior to
the study, we chose the null hypothesis (ie.
nosignificantsedation scores between the groups). The number
of patients required in each group was determined using power
analysis based on previous studies. Assuming that 79% of
patients would become drowsy or asleep in the
midazolam/ketamine group (15 patients), a sample size of 30
patients per group would have an 80% power of detecting a
20% difference in sedation (from 79% to 99%) at the 0.05 level
ofsignificance. We decided to study 66 patients to account for

possible dropouts.
Results:

Sixty-six patients were enrolled; four did not receive the study
medication and two did not have surgery on the same day,
leaving 60 subjects who fulfilled the criteria for the
study.Groups were comparable regarding age, sex, weight, ASA
physical status, surgical interventions and duration of
anaesthesia (Table 1). Operative procedures were evenly
distributed and included inguinalherniorrhaphy, hydrocele

repair or orchidopexy.

Table 1: Demographic characteristics and duration of

anaesthesia:

Group D Group MK
No of patients 33 33
No of patients excluded 4 2
Age (years) 4.02£1.98  |4.2+1.45
Gender (female/male) 13/16 15/16
ASA (I/1D) 25/4 25/6
Weight (Kg) 17.72+4.4  [16.565.1
Duration of Anaesthesia (min) 35.17+5.9  [32.7+8.4

Data are expressed as mean + SD (range). P > 0.05. No significant
difference among groups.

Dex group (D). Midazolam Ketamine group (MK). ASA,
American Society of Anesthesiology physical status.

Onset of sedation was significantly faster after premedication
with midazolam/ketamine (Figl), and the level of sedation was

significantly better after premedication with



midazolam/ketamine 30 minutes after ingestion of the

premedicant.

The anxiolysis score revealed 84 % of children in group MK as
being friendly and only 51% of children in group D have
similar behaviour (Table 2). The taste of oral dexmedetomidine
was judged as significantly better; 13% of children rejected the

oral midazolam/ketamine combination (Table 2).

Table 2: Distribution of behaviour and sedation status at time

of induction:
Group D [Group MK |P

Time to onset of sedation (min) 24.52 +3.1[18.36 + 2.6 [0.015*
Preoperative sedation score 1.6+0.5 3.1£0.8 0.003*
% asleep at induction 61% 90% 0.024*
Preoperative anxiolysis score 1.4£0.6 2.9+0.7 0.016*
% Face mask acceptance 58% 88% 0.033*
% Venous line insertion acceptance |72% 90% 0.005*
% Satisfactory parental separation  |50% 80% 0.04*
% Parental satisfaction 70% 90% 0.036*
% Taste acceptance 97% 87% 0.002*

Data are expressed as mean + SD (range) or percentage. Dex group
(D). Midazolam Ketamine group (MK).
* significant” <0.05.

Application of a facemask at induction of anaesthesia was
accepted more readily in patients of group MK (Fig 2).Overall,
satisfactory cooperation with venous line insertion was found in
90% of children in group MK, while comparatively 72% of
children in group D showed satisfactory cooperation with
insertion of a venous line (Table 2). Moreover, most of the MK
treated children were more calm and sedated than the D-treated
group at the time of separation from parents. Parental

satisfaction was significantly higher in group MK.

The time interval from end of surgery to spontaneous eye
opening in the PACU was significantly less in group D (Fig 1),
while the time to discharge from the PACU to ward was similar

for groups (Table 3).

Table 3: Time to eye opening and PACU discharge

Group D |Group MK |P

Time to eye opening (min) 21+4.3 30+6.1 0.032*

Time of PACU discharge (min) 30+3.9 [28.12+5.5 [0.316

Data are expressed as median + SD (range). Dex group (D).
Midazolam Ketamine group (MK).
* significant” < 0.05.

While no child experienced respiratory complications or arterial
oxygendesaturationbefore induction, heart rate and systolic
blood pressure were marginally higher after administration of

MK. On the other hand, the mean heart rate and systolic blood
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pressure measurements were 15% lower (than preoperative
values) in group D at the same study periods. However, during

recovery, haemodynamic responses were similar.

Adverse events were recorded for the three periods. Two
children in group MK as well as one in group D experienced
nausea but only one patient in group MK vomited before
induction. Hallucination was recorded in 10 % of patients in
group MK. Excessive salivation occurred in 12% of children
receiving the combination of drugs, compared to 7% in D-

treated children.
Discussion:

Our study proved that midazolam/ketaminereceiving patients
were significantly calmer and more cooperative compared to
dexmedetomidine receiving patients during the preoperative
period, the insertion of a venous line, during separation from
parents and also during the application of a facemask at
induction. Several studies have been published demonstrating
the advantage of the midazolam/ketamine combination in
paediatric premedication®’, while others have reported
superiority of oral dexmedetomidine premedication to oral
midazolam'®'.

Based on their experience with using oral dexmedetomidineas a
preanaesthetic in children, Kamal et al'®and Zub et
al'? reported that the dose of 3 pg/kg could be safely and

effectively applied without haemodynamic side effects.

Midazolam is currently the most commonly usedpaediatric
premedication due to easy application, rapid onset, short
duration of action and a lack of significant side effects’.
Meanwhile oral ketamine was used in the 1970s by dentists to
facilitate the treatment of mentally handicapped children. In
1982, Cetina found that rectal or oral preanaesthetic ketamine
is an excellent analgesic and amnesic agent with no incidence
ofdysphoric reactions, possibly related to its high rate of first-
pass metabolism'’. The metabolite norketamine has
approximately one-third the potency of ketamine, but reaches
higher blood concentration and also causes sedation and
analgesia'®>. The use of midazolam and ketamine in
combination as a premedicant combines their properties of
sedation and analgesia and attenuates drug induced
deliriumGhai et al and Funk et al have also reported that a
combination of midazolam and ketamine results in better

premedication than the individual drugs given alone®”.

Like clonidine, dexmedetomidine possesses a high ratio of
specificity for the a2 versus the o receptor (200: 1 for clonidine
and 1600: 1 for dexmedetomidine). Through presynaptic
activation of the azadrenoceptor, it inhibits the release of
norepinephrine and decreases sympathetic tone. There is also an
attenuation of the neuroendocrine and haemodynamic
responses to anaesthesia and surgery, thereby leading to sedation

and analgesia'®. One of the highest densities of 02 receptors has



been detected in the locus coeruleus, the predominant
noradrenergic nucleus in the brain and an important modulator
of vigilance. The hypnotic and sedative effects of .-
adrenoceptor activation have been attributed to this site in the
CNS'6. This allows psychomotor function to be preserved while
letting the patient rest comfortably, so patients are able to
return to their baseline level of consciousness when
stimulated'’. Clonidine and dexmedetomidine seems to offer
the beneficial properties, but dexmedetomidine has a shorter
half-life, which might be more suitable for day surgery. Zuband
his colleagues reported that dexmedetomidine may be an
effective oral premedicant prior to anaesthesia induction or
procedural sedation and it was effective even in patients with
neurobehavioural disorders in whom previous attempts at
sedation had failedAlso Sakurai et al reported that oral
dexmedetomidine could be applied safely and effectively as a

preanaesthetic in children'®.

While dexmedetomidine is tasteless and odourless'” , with 82%
bioavailability after extravascular doses in healthy human
adults’®, oral midazolam formulations have a bitter taste and
were usually prepared by mixing the IV midazolam with a
variety of sweet additives. In our study, children judged the
taste of oral dexmedetomidine as significantly better than oral
midazolam ketamine mixture, although both drugs were given
with the same sweet tasting syrup. This observation probably
might also reflect the developmental age of these patients and
the difficulty of gaining their cooperation in swallowing
something that they did not wish to swallow. Recently, new
commercially prepared oral midazolam formulations are
reported to be more palatable?”, but unfortunately, it is not

available yet in our country.

Our data confirmed that onset of sedation and peak sedative
effect was significantly slower after oral dexmedetomidine
compared to oral midazolam ketamine. These results are
consistent with studies by Kamal et al and Schmidt et al who
reported slow onset of action of oral dexmedetomidine?'In
addition, Anttila et al reported that, in adults after oral
administration, peak plasma concentration is achieved at 2.2 +
0.5 h after a lag-time of 0.6 + 0.3 h".

In this study, dexmedetomidine premedication with the present
study design resulted in slight hypotension and bradycardia,
which could be attributed to postsynaptic activation of
02 adrenoceptors in the central nervous system (CNS) that
inhibit sympathetic activity and thus can decrease blood
pressure and heart rate*’. In a finding consistent with our
results, Khan et al and Aantaa et al reported that
uscofdexmedetomidine can beassociatedwithsome
cardiovascular  side effects including hypotension and
bradycardia?*Conversely, Ray and Tobias did not find
significant haemodynamic changes when used
dexmedetomidine  in  providing  sedation  during
electroencephalographic analysis in children with autism and

seizure disorders®.
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There were some limitations to this study; the bioavailability of
oral dexmedetomidine is based on the adult dataWe need to
decide the timing of the oral administration as
apremedicantbased on the data in children. Therefore, the
bioavailability of oral dexmedetomidine needs to be studied in
children. The premedication period was 30 min, however, if a
longer premedication period had been allowed, possibly more
subjects could have attained satisfactory sedation at separation

from parents and at induction of anaesthesia.
Conclusion:

In this study, premedication with oral
midazolam/ketamineappeared to be superior to oral
dexmedetomidine with evident haemodynamic stability and a
higher degree of parental satisfaction demonstrated, although
oral dexmedetomidinewas more accepted by the children. No
significant side effects were attributable to either premedication.

Emergence from anaesthesia was comparable between groups.
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