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Methods: This double-blind randomized clinical trial was conducted on 20 uncooperative children
aged 3-6 years with a definitely negative Frankel scale. The participants were divided into two
groups. Group A received 0.4 mg/kg midazolam and 4 mg/kg ketamine nasally 20 min before
initiating dental treatment in the first session while receiving 0.5 mg/kg midazolam/ 3 mg/kg
ketamine in the second session. Meanwhile, group B received the opposite drug sequence to
assess any sequence effect. Dental treatment was initiated with local anesthesia administration.
The sedation score was recorded using the Houpt scale. Vital signs were recorded at every 10-min
intervals along with potential side effects. The data were analyzed using variance analysis and
Wilcoxon and McNemar tests.

Results: No significant differences were noted in vital signs between groups at recording
intervals (anesthetic injecting [P=0.719], 10 min [P=0.317] and 20 min [P=0.480]). No reports
were received on post-treatment nausea (P=0.289).
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Introduction

ediatric dentistry training provides skills to

tackle dental anxiety and pain in most instanc-

es; however, these problems may not be easily

modified through behavior control techniques

and the need for a pharmacological approach
comes to light [1]. Conscious sedation alongside good lo-
cal anesthesia could act as a suitable alternative to physi-
cal restraint on one side and general anesthesia on the
other. An ideal sedation is expected to provide an imme-
diate, stable state with quick recovery [2].

Oral and nasal routes of sedation are among the non-
invasive methods that allow dentists to create a pleas-
ant memory of treatment sessions for the child. Mid-
azolam and ketamine, either alone or in combination,
are safe and effective in intranasal application among
dental sedation routes [3]. Intranasal sedation is in-
creasingly utilized in emergency wards as well as outpa-
tient clinics and out-of-hospital settings. This pain-free
and needle-free method helps to overcome most of the
fear in those individuals who otherwise would have to
receive no treatment or go to the operating room [4].
The nasal mucosa serves as one of the best for drug ab-
sorption due to its considerable blood flow, which rap-
idly transfers receiving agents to the main bloodstream
and subsequently to the cerebrospinal complex. On the
other hand, since there is no passing through the diges-
tive tract the intrahepatic metabolism will no longer be
a concern resulting in @ much higher capacity of drug
delivery and effect compared to the oral route [5].

Several earlier investigations have suggested that the
use of combinations of drugs can enhance the potential
of action while reducing the side effects of single higher
doses of drugs [6]. Today, midazolam is considered the
drug of choice for sedation among restless children. This
benzodiazepine agent can be used in combination with
other sedatives to allow reducing the dose required to
achieve accepted levels of sedation. The dose recom-
mended for intranasal midazolam is 0.5 mg/kg, which
can establish sufficient sedative effect for easy separa-
tion from parents with minimum to no side effects [7].

On the other hand, ketamine is known as one of the
most effective anesthetic drugs used extensively in
medicine for more than 50 years. The intranasal ket-
amine passes through a mucous path for direct absorp-
tion and travel to the brain [8]. The combined use of
midazolam and ketamine has been referred to as a safe,
effective and practical method for the management
of children for minor dental interventions. It is strictly
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emphasized that employing such a technique requires
advanced skills in airway management [9]. On the other
hand, oral ketamine and midazolam have been report-
edly effective equally in the sedation of children for ve-
nipuncture and mask acceptance [10] and child-parent
separation and venipuncture [11]. The midazolam-ket-
amine combination looks to produce greater coopera-
tion than alone with guided behavior in children under
the age of 3 years [12, 13, 14].

Another investigation found that the extent of seda-
tion and anxiety mitigation were much higher in ket-
amine/midazolam combination with ketamine dose of
higher than 4 mg/kg, compared to midazolam alone
without any side effects [15]. Elevated blood pressure
and heart rate were reported following administration
of Ketamine without any statistical significance [16].
Intranasal Ketamine provided higher sedation scores
than oral Ketamine using the Houpt scale, with an
elongated recovery time [17].

Accordingly, this investigation compares the efficacy of
intranasal ketamine 3 mg/kg to midazolam 0.5 mg/kg and
ketamine 4 mg/kg to midazolam 0.4 mg/kg on the sedation
of 3-6-year-old uncooperative children for dental treatment.

Methods

This double-blind randomized clinical trial was conducted
on a group of 23 uncooperative children aged 3-6-years who
scored definitely negative in Frankel scale. Cases with at least
two similar treatment sessions need were included in this
investigation. The exclusion criteria included children with
any sign of high temperature, recent cold or other respiratory
infections, allergy to medication, American Society of Anes-
thesiologists Il and above.

The parents were fully instructed before sedation to
observe at least 6 h of fasting for the child before the
sedative drug administration. Each child was randomly
assigned into one of the groups of A or B using a com-
puter-generated random coded list. Group A received a
nasal combination of midazolam 0.4 mg/kg (5 mg/mL,
Darupakhsh Co., Iran; maximum=10 mg) plus ketamine
(4 mg/kg; 50 mg/mL; ROTEXMEDICA Co., Germany) in
the first session, while group B received nasal combi-
nation of midazolam 0.5 mg/kg plus ketamine 3 mg/
kg 15-20 min before initiating the treatment in the first
session. Each child received the other combination dose
in the second session to investigate the sequence effect.

The drugs were prepared and coded by the anesthesi-
ologist in charge before administration by the operating
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pediatric dentist, who was blind to the drug composi-
tion. All vital sign changes were recorded including heart
rate, respiratory rate, and peripheral oxygen saturation
in a prepared data recording form. A continuous oxygen
supply was established for each patient throughout the
procedure through a tape-secured nasal cannula. Den-
tal treatment was initiated following observation of the
primary signs of sedation. A local anesthetic was admin-
istered using lidocaine 2% with epinephrine 1/100000
(Persocaine-E, Darupakhsh Co., Iran).

The sedation scores were recorded for each child at the
time of anesthetic injection, and 10 min intervals using
the Houpt scale. Measured criteria were the level of cry-
ing, sleepiness, and movement judged by the operating
pediatric dentist, who was blind to the group. Recording
data was based on the lowest judged score. Treatment
sessions were limited to a maximum of 30 min.

Discharge was conducted based on the following cri-
teria: Satisfactory and stable cardiovascular function;
satisfactorily open airway tract; the patient responds
to stimuli easily and the protective reactions are
healthy; the patient talks and sits; the presence of the
child’s guardian or parent.

Drug side effects were recorded during and after the
completion of treatment up to 24 h post-operative
and reported by parents by phone. The parent’s and
operator’s satisfaction were also recorded at the end
of each treatment session.

Statistical analysis

The two-way repeated measure of analysis of variance
was used to compare the mean heart rate, peripheral
oxygen saturation, and blood pressure systolic/diastolic
between the two groups. Marginal models were used
for analyzing sleepiness, crying, movement and overall
behavior. Wilcoxon signed-rank test was used to com-
pare Houpt scales between groups. The Mc-Nemar test
was employed to compare the parents’ views on the ef-
fectiveness of different sedative drugs. Analyses were
performed using the SPSS software, version 20.

Results

A total of 23 children aged 3-6-years were successfully
included in this investigation, from which three were ex-
cluded (one did not return for the second session and
two did not cooperate in the first session). Out of the
20 treated children (11 girls and 9 boys). The children’s
mean age was 4.35+0.91 years and their mean weight
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was 16.36+2.56 kg. The mean duration of the treatment
time was 21 min, whereby the minimum and maximum
time of treatment were 10 and 35 min, respectively.

A total of 12 children did not report having any post-
treatment nausea following any of the two methods.
Two children in group B had nausea and 6 children in
group A had reported to have experienced nausea to
certain degrees. McNemar test did not show any signifi-
cant differences between the two groups (P=0.289).

Meanwhile, 11 parents stated that both sedation ses-
sions were effective while 5 parents stated that both
were very effective. Two parents said drug combination
| as effective and drug combination Il as very effective;
two parents regarded these drug combinations as vice
versa. McNemar test did not show any significant differ-
ence between these two drug groups (P=1.000).

Recorded data revealed no statistically significant dif-
ferences between the two groups on sleepiness, move-
ment, and crying at three measured times using the
generalized estimating equations method (P=0.143,
P=0.593, P=0.281, respectively). However, as time
passed a significant difference was noted between
groups with signs of drowsiness diminishing (P=0.006)
(Tables 1, 2 and 3).

Looking at the overall behavior (O) data revealed that
no statistically significant differences could be noticed
at recorded steps in the two groups using the marginal
model of longitudinal data analysis via the general-
ized estimating equations method (P=0.224; Table 4).

The Kolmogorov-Smirnov test revealed a normal dis-
tribution of data in measured vital signs of heart rate,
peripheral oxygen saturation, and blood pressure at all
measured times. A comparison of the drugs’ efficacy
was performed using the parametric method of analysis
of variance. The results indicated that the two groups
did not differ significantly in heart rate (P=0.689), while
a significant increase in heart rate was noted at the time
of initiating the treatment in both groups (P=0.001), with
no further significant differences afterward (P=0.347).

A similar analysis was performed on peripheral oxy-
gen saturation and diastolic blood pressure changes
in groups with no statistically significant differences
between the two groups (P=0.930); however, the dif-
ference turned significant as soon as the treatment
was started when compared to the baseline (P=0.001).
The mean diastolic and systolic blood pressure were in-
creased at the end of treatment with a statistically sig-
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Table 1. Frequency distribution of sleepiness degree among different measurement times in group a and group B

No. (%)
Groups Degree
Analgesia Injection Time 10 Min After Therapy 20 Min After Therapy
1 4(20) 4(20) 8(40)
2 15(75) 13(65) 10(50)
A
3 1(5) 3(15) 2(10)
Total 20(100) 20(100) 20(100)
1 1(5) 4(20) 3(15)
2 16(80) 12(60) 15(75)
B
3 3(15) 4(20) 2(10)
Total 20(100) 20(100) 20(100)
Min: Minute. Journal of Pediatrics Review

nificant difference between the groups tested (P=0.018
and P=0.005, respectively),

Discussion

Dental appointments are associated with degrees of fear
and anxiety, especially among younger-aged children. Such
exaggerated levels of fear and anxiety can seriously affect
the course of treatment [18]. An anxious child may be pre-
disposed to potentially dangerous psychological and physi-
ological risks. Various premedication methods and drugs
have been tested for many years among which oral, nasal
and rectal routes are seen as more readily available to den-
tists in practice while parenteral methods including intrader-
mal and intravenous require high skills and more importantly

license to practice. Among all routes, there are advantages
and disadvantages to each depending on patient and treat-
ment needs [19]. Among the routes, none is considered the
ideal sedative method above others to have no undesirable
side effects too. Sedative drugs are also chosen based on the
patient’s age, therapeutic methods, health status and dentist
and anesthesiologist desire [20].

Rapid reliable onset of an agent is desired to be able
to remove pain during injections and be convenient in
use. The intranasal route may cover most of the posi-
tive points referred to earlier which had made it popu-
lar among operators and patients [15]. Both oral and
intranasal methods are less invasive when compared to
other sedative methods. Among these two, the intra-

Table 2. Frequency distribution of movement degree among different measurement times in group A and group B

No. (%)
Groups Degree
Analgesia Injection Time 10 Min After Therapy 20 Min After Therapy
1 0 2(10) 3(15)
2 8(40) 10(50) 3(15)
A
3 12(60) 8(40) 12(60)
Total 20(100) 20(100) 20(100)
1 2(10) 2(10) 2(10)
2 6(30) 6(30) 7(35)
B
3 12(60) 12(60) 11(55)
Total 20(100) 20(100) 20 (100)
Min: Minute. Journal of Pediatrics Review
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Table 3. Frequency distribution of crying degree among different measurement times in group A and group B

No. (%)
Group Degree
Analgesia Injection Time 10 Min After Therapy 20 Min After Therapy
1 1(5) 3(15) 5(25)
2 6(30) 8(40) 3(15)
A
3 13(65) 9(45) 12(60)
Total 20(100) 20(100) 20(100)
1 3(15) 3(15) 3(15)
2 4(20) 7(35) 8(40)
B
3 13(65) 10(50) 9(45)
Total 20(100) 20(100) 20(100)
Min: Minute. Journal of Pediatrics Review

nasal method seems to require less child cooperation
while providing a faster onset of action. The intranasal
method has been advocated as a good substitute for
cases with respiratory monitoring [21].

These days, many parents seek office-based sedation
for treating their child’s teeth and intranasal sedation
is among the most desirable and selected methods in
this regard. Intranasal sedative drug administration had
been confirmed safe based on minimal to no changes
in physiologic vital signs [22] yet significantly higher

sedative effects were reported in intranasal compared
to oral sedation, while longer recovery course. Higher
levels of sedation were noted in the intranasal ket-
amine-midazolam group with higher satisfaction rates
for shorter dental procedures (35 min) based on the
Houpt scoring system [17].

Differences in sleepiness were not significant between
the two groups at the time of injecting the anesthetic,
as well as 10 and 20 min after the initiation of the treat-
ment. Nevertheless, the effect of time was significant,

Table 4. Frequency distribution of overall degree among different measurement times in group A and group B

No. (%)
Group Degree
Analgesia Injection Time 10 Min After Therapy 20 Min After Therapy
2 0 0 0
3 0 2(10) 4(20)
4 4(20) 4(20) 4(20)
g 5 7(35) 6(30) 4(20)
6 9(45) 8(40) 8(40)
Total 20(100) 20(100) 20(100)
3 1(5) 1(5) 1(5)
4 4(20) 4(20) 4(30)
B 5 6(30) 6(30) 6(35)
6 9(45) 9(45) 9(30)
Total 20(100) 20(100) 20(100)
Min: Minute. Journal of Pediatrics Review
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suggesting that in both groups improved levels of sleep-
iness were observed over time.

The two groups did not differ significantly in terms
of movement and crying as well as overall behavior at
the tested times (P>0.05). In another investigation, no
significant differences were reported between changes
in blood oxygen saturation and respiration rate of the
two similarly sedative cocktails tested [16] similar to the
current findings in this investigation. Concurrent use of
midazolam and ketamine, in addition to the positive
synergism of the drugs, can subsequently reduce the
side effects of each, separately [23].

It is suggested that 6-10 mg/kg oral and 5-6 mg/kg in-
tranasal ketamine could be considered as a safe and ef-
fective dose spectrum for a desired level of sedation in
children [23]. The use of other sedative drugs alongside
ketamine could help in reducing the needed dose of
ketamine, accelerating a quick recovery, while reducing
the incidence of complications known as recovery room
phenomenon [24]. In case of 5 min advance benzodiaz-
epine administration or concurrent with ketamine, the
drug side effects would be minimized [25].

The combination of ketamine and midazolam reduced
the anxiety of preschoolers without an increase in the
incidence of side effects resulting in relaxation and co-
operation of children [15]. The depth of sedation and
anxiety mitigation could be proved far better in the mid-
azolam-ketamine combination when compared to that
of midazolam alone with no side effects in any of the
two groups15. In yet another study it is indicated that
intranasal ketamine would provide significantly deeper
sedation at the separation stage of a child from parents
and intravenous line conduction [11].

Significantly higher sedation scores are reported along
with lower anxiety, easier acceptance of intravenous
injection and mask placement over the nose when ket-
amine-midazolam had been administered. No significant
changes were reported in measures of vital signs during
and after the operation. Nasal ketamine-midazolam com-
bined induced rapid sedation while the depth was almost
the same as the quality of sedation, analgesia, and com-
fort without any clear side effects [13].

The most common post-treatment complications in-
clude nausea, vomiting, sleepiness, and diminished activ-
ity within the first four hours of both oral and intranasal
midazolam/ketamine sedation [17]. Such side effects
were recorded in the current investigation as twelve with
no post-treatment nausea following any of the sessions
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up to 2 h postoperatively while 8 reported degrees of
nausea during the same period. Recorded data of the
current investigation revealed that 11 parents expressed
their satisfaction with the effectiveness of both doses
while 5 disagreed. Statistical analysis did not show any
significant differences between the two groups (P>0.05).

Conclusion

Differences in satisfaction from intranasal sedation
with the two different doses were statistically signifi-
cant based on operator and parents’ satisfaction scores
(P<0.05). No significant differences were observed in vi-
tal signs and behavioral reaction changes of children at
two different doses (P>0.05). Reduction of the provided
ketamine dose for patients had a desirable effect on the
course of treatment and the attitude of parents.
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