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ORIGINAL RESEARCH

psychological and emotional state in the long term6 and is linked 
to a higher incidence of nightmares, separation anxiety, eating 
disorders, and an increased fear of physicians.7 Several behavioral 
modification techniques are available to allay preoperative anxiety 
in children. Nonpharmacological approaches, such as friendly 
visits to build rapport with the child and briefing them about 
the procedure, along with parental presence in the operating 
room, can help reduce the child’s anxiety but may not be entirely 
effective. Pharmacological methods like sedative premedication 
may be more effective.8 The ideal sedative should have a rapid 
onset, predictable duration, and quick recovery. In clinical practice, 

In t r o d u c t i o n

Addressing the dental needs of uncooperative children who 
require extensive treatment remains a significant and persistent 
challenge for a pediatric dentist. Since most of the treatment 
has to be performed under local anesthesia, the cooperation of 
pediatric patients becomes imperative. Obstacles to treatment 
can include young age, dental anxiety, or difficulties with behavior 
management. Behavior management problems are defined as 
disruptive behavior that results in the delay of treatment or makes 
treatment impossible.1 To perform dental treatment in these 
children effectively and efficiently, some nonpharmacological 
and pharmacological behavior management techniques can be 
used. The majority of children can be adequately treated with 
behavior modification techniques such as tell, show, and do (TSD) 
and voice control; however, many children continue to struggle 
with tolerating dental treatment. In such cases, pharmacological 
behavior management techniques, such as sedation or general 
anesthesia, can be considered as methods for reducing anxiety to 
facilitate dental treatment.2

In the present-day scenario, parents often find it difficult 
to accept traditional behavior management techniques. These 
techniques may create traumatic memories in children, potentially 
resulting in lifelong dental phobia.3 In today’s scenario, the 
use of pharmacological behavior management techniques has 
increased. However, many children experience severe anxiety 
and apprehension when separated from their parents or family 
for anesthesia.4 The unfamiliar faces and environment inside 
the operatory may heighten the child’s sense of insecurity.5 
This preoperative anxiety can significantly impact the child’s 
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Ab s t r ac t
Aims and background: Midazolam is commonly used as a preanesthetic medication for behavior management of children. The current study 
is conducted to find out the effect of midazolam through nasal and oral routes as a premedicament in pediatric patients treated under general 
anesthesia. The main aims of the study were: to compare the effect of oral syrup and intranasal spray as preanesthetic medication; to record 
the undesirable side effects of midazolam by both routes.
Materials and methods: The patients aged 2–6 years of either sex were randomly divided into two equal groups of 30 each—group I: oral; 
group II: intranasal.
Results: The oral and intranasal routes of midazolam were found to be equally effective and provided adequate sedation for easy separation 
from the parents and cooperation from children during the induction of anesthesia with minimal side effects.
Conclusion: Based on the study results, we can conclude that both oral and intranasal midazolam can be used as preanesthetic medication for 
pediatric dental patients treated under general anesthesia. 
Clinical significance: In pediatric patients, the oral route should be preferred for midazolam premedication in comparison to the intranasal route.
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0.5 mg/kg) was administered with the help of a premeasuring cup. 
In group B, midazolam was administered using an atomizer spray 
(INSED 0.2 mg/kg), with the dose divided equally between each 
nostril. Prior to the procedure under anesthesia and following drug 
administration, the vitals, sedation score, and separation score were 
recorded at 5-minute intervals for a period of 30 minutes.

The following scales were used to record the sedation and 
separation scores.

Sedation Scale
Score 1: Patient is agitated and clinging to parents and/or crying.21

Score 2: Patient is alert and aware but not clinging to parent, 
may whimper, not crying.

Score 3: Patient is calm, sitting or lying comfortably with 
spontaneous eye opening.

Score 4: Patient is drowsy, sitting or lying comfortably with eyes 
closed but responding to minor stimulation.

Score 5: Patient’s eyes closed, arousable but not responding 
to minor stimulus.

Separation and Induction Scale
Score 1: Excellent—patient unafraid, cooperative, asleep.21

Score 2: Good—slight fear or crying, quiet with reassurance.
Score 3: Fair—moderate fear, crying not quiet with reassurance.
Score 4: Poor—crying, need for restraint.
Postoperative recovery was assessed at 10-minute intervals for a 

period of 30 minutes on a 10-point Post Anesthesia Care Unit (PACU) 
Assessment and Recovery Score scale on the following parameters: 
respiration, activity, consciousness, circulation, preoperative blood 
pressure (BP), and temperature.

Post Anesthesia Care Unit Assessment and Recovery 
Score
Respiration
Apneic = 022

Dyspnea or limiting breathing = 1
Able to breathe deeply and cough freely = 2

Activity
Able to move no extremities voluntarily or on command = 0
Able to move two extremities voluntarily or on command = 1
Able to move four extremities voluntarily or on command = 2

Consciousness
Nonresponsive = 0
Responding to stimuli = 1
Awake = 2

Circulation, Preoperative Blood Pressure
BP >120% of preanesthetic level = 0
BP 111–120% of preanesthetic level = 1
BP <110% of preanesthetic level = 2

Temperature
Axillary temperature <35.0 or >35.5°C = 0
Axillary temperature between 35.0 and 35.5°C = 1
Axillary temperature 35.6–37.5°C = 2

Children were shifted to the pediatric ward when they were 
fully awake, able to move all extremities, breathe adequately, 
cough effectively, have SpO2 greater than 98%, and the PACU 
score was 10.

the most commonly used drugs for premedication are ketamine, 
clonidine, fentanyl, buprenorphine, and midazolam.

Midazolam is an ideal and potent imidazobenzodiazepine that 
possesses hypnotic, sedative, and anxiolytic properties. It has a 
rapid onset of action with an elimination half-life of approximately 
2 hours. It is highly lipophilic at physiological pH and water-soluble 
in an acidic medium.9

Midazolam is used as a sedative premedication via various 
routes like intramuscular,10,11 rectal,12 oral,13 intranasal,14,15 and 
sublingual,16,17 with each route having its own pros and cons. 
Midazolam, when administered intramuscularly, is not only painful 
but also carries the risk of developing needle phobia, especially 
in young children. With rectal administration, the absorption 
of the drug is usually very unpredictable and uncomfortable 
for the children. In this respect, the sublingual route appears to 
be more advantageous,18 but the child needs to keep the drug 
sublingually for at least 30 seconds to be effective. The oral route 
is also common in children; however, owing to high first-pass 
metabolism, it has low bioavailability.19 The intranasal route of 
administration has advantages owing to the high vascularity of 
the nasal mucosa and bypassing the hepatic first-pass metabolism. 
This allows rapid and nearly complete systemic absorption of the 
drug within 1–2 hours.20

Mat e r ia  l s a n d Me t h o d s

The in vivo study was conducted in the Department of Pediatric 
and Preventive Dentistry, Government Dental College and Hospital, 
Jaipur, and ethical clearance was obtained from the ethical 
committee of the institute.

Sample Selection
A total of 60 healthy children aged 2–6 years of either gender, were 
included in the study. The children were randomly divided into 
two groups, with 30 children in each group, A and B, respectively.

Group A: Midazolam 0.5 mg/kg was given orally.
Group B: Midazolam 0.2 mg/kg was administered intranasally.
Prior to the commencement of the study, parents were 

thoroughly informed about the associated risks and benefits. 
They were also required to sign a written consent form in their 
local dialect.

Inclusion Criteria
•	 Healthy children aged 2–6 years of either gender.
•	 Children classified under American Society of Anesthesiologists 

(ASA) I and II.
•	 Children requiring dental procedures with a duration of 

20 minutes to 2 hours.
•	 Children with Frankl’s behavior rating I and II.

Exclusion Criteria
•	 Children with anemia (hemoglobin <9 gm/dL).
•	 Children with any coagulation disorders.
•	 Children with nasal infection or nasal pathology.
•	 Children taking any other sedative drugs.
•	 Children with any cardiac or renal diseases.
•	 Children hypersensitive to any drugs used in the study.

Preanesthetic clearance was obtained, and peroral instructions 
were duly explained to the parents prior to the treatment under 
general anesthesia. Baseline vitals were recorded, and then in 
group A, commercially available midazolam syrup (MEZOLAM 
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Table 3 and Figure 3 show the comparison of recovery scores 
in the oral and nasal groups at various time intervals. There was no 

Side effects such as nausea and vomiting, bradycardia, drop 
in O2 saturation, hypertension, and respiratory depression were 
observed.

Re s u lts

Data obtained from a total of 60 children who met all the inclusion 
criteria were subjected to statistical analysis and randomly 
categorized into two groups:

Group A: 30 patients received midazolam orally.
Group B: 30 patients received midazolam intranasally.
It is evident from Table 1 and Figure 1 that when comparing 

the oral and nasal routes with respect to sedation scores at various 
time intervals, no statistical difference (p > 0.05) was observed 
between the two routes.

It is evident from Table  2 and Figure 2 that there were no 
statistically significant differences (p > 0.05) with respect to 
separation and induction scores between the oral and nasal groups 
throughout the study period.

Table 1:  Comparison of different routes with respect to sedation score

Group N Median Mean rank Sum of ranks p-value*

Baseline Oral 30 1 32.83 985.00 0.227
Nasal 30 1 28.17 845.00

5 minutes Oral 30 2 28.10 843.00 0.251
Nasal 30 2 32.90 987.00

10 minutes Oral 30 2.5 27.67 830.00 0.256
Nasal 30 3 33.33 1000.00

15 minutes Oral 30 3 31.32 939.50 0.671
Nasal 30 3 29.68 890.50

20 minutes Oral 30 3 29.20 876.00 0.496
Nasal 30 3 31.80 954.00

25 minutes Oral 30 3 28.80 864.00 0.387
Nasal 30 3 32.20 966.00

30 minutes Oral 30 4 28.88 866.50 0.375
Nasal 30 4 32.12 963.50

*Mann–Whitney test

Table 2:  Comparison of different routes with respect to separation score and induction score

Group N Median Mean rank Sum of ranks p-value*

Baseline Oral 30 3 28.00 780.00 0.169
Nasal 30 4 33.00 1050.00

5 minutes Oral 30 3 28.98 869.50 0.419
Nasal 30 3 32.02 960.50

10 minutes Oral 30 3 27.50 825.00 0.111
Nasal 30 3 33.50 1005.00

15 minutes Oral 30 2 28.87 866.00 0.383
Nasal 30 2 32.13 964.00

20 minutes Oral 30 2 30.98 929.50 0.730
Nasal 30 2 30.02 900.50

25 minutes Oral 30 2 31.42 942.50 0.531
Nasal 30 2 29.58 887.50

30 minutes Oral 30 2 28.60 858.00 0.192
Nasal 30 2 32.40 972.00

*Mann–Whitney test

Fig. 1: Comparison of different routes with respect to sedation score
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Di s c u s s i o n

In the present study, demographic parameters such as age, gender, 
and weight of the children were comparable, and no statistical 
differences were noted between the two groups. Children between 
2 and 6 years of age were selected for the study, as this age-group 
is more susceptible to separation anxiety due to their limited 
understanding.23 One group received 0.5 mg/kg midazolam orally, 
and the other group received 0.3 mg/kg midazolam intranasally, 
as no added advantage of higher doses for sedation and anxiolysis 
properties, as well as lower chances of side effects, were reported in 
previous studies.24,25 The patient’s acceptance of nasal midazolam 
was improved by spray administration compared to drop instillation; 
therefore, an atomizer nasal spray was used instead of nasal drops.26

When comparing the oral and nasal routes with respect to 
sedation scores at various time intervals, no statistically significant 
differences were noted between the two routes. In the intranasal 
group, the onset of sedation was faster due to the quick and almost 
complete absorption of the drug, facilitated by the rich blood supply 
of the nasal mucosa. The systemic bioavailability of the drug is 
greater with the intranasal route compared to the oral route, as it 
avoids first-pass hepatic metabolism.20 A previous study reported 
that in the intranasal group, a faster sedation score of 3 or more was 
achieved at 15 and 30 minutes compared to the oral group, with 
results being statistically significant, which was not observed in 
this study. This difference may be due to the previous study using 
0.5 mg/kg midazolam intranasally, while the present study used 
only 0.2 mg/kg intranasally.27 Another similar study compared 
0.3 mg/kg intranasal midazolam and 0.5 mg/kg oral midazolam in 

statistically significant difference between the two groups (p > 0.05) 
with respect to recovery scores at these time intervals.

It is evident from Table 4 that only 1 (33.3%) patient in the oral 
group showed nausea and vomiting, and only 1 (33.3%) patient in 
the nasal group showed a drop in O2 saturation. No patients showed 
bradycardia, hypertension, or respiratory depression.

Table 5 shows that 4 (13.33%) out of 30 patients in the nasal group 
experienced watering of the eyes, 10 (33.33%) patients exhibited 
sneezing, 10 (33.33%) patients cried during drug administration, 
and only 1 (3.33%) patient spat after drug administration. In the 
oral group, no patients showed watering of the eyes or nose, and 
no patients exhibited sneezing. However, 6 (20%) patients cried, 
and 2 (6.67%) patients spat the drug. This indicates that the orally 
administered drug is more acceptable than the nasal administration.

Fig. 2: Comparison of different routes with respect to separation score 
and induction score

Table 3:  Comparison of different routes with respect to recovery score

Group N Median Mean rank Sum of ranks p-value*

10 minutes Oral 30 8 28.38 851.50 0.327
Nasal 30 8 32.62 978.50

20 minutes Oral 30 9 27.23 817.00 0.128
Nasal 30 9.5 33.77 1013.00

30 minutes Oral 30 10 30.32 909.50 0.918
Nasal 30 10 30.68 920.50

*Mann–Whitney test

Table 4:  Comparison of different routes with respect to side effects

Oral
n = 30 (100%)

Nasal
n = 30 (100%)

Nausea and vomiting 1 (3.33%) 0
Bradycardia 0 0
Drop in O2 saturation 0 1 (3.33%)
Hypertension 0 0

Respiratory depression 0 0

Table 5:  Acceptance of the route

Oral
n = 30 (100%)

Nasal
n = 30 (100%)

Watering of eyes 0 4 (13.33%)
Sneezing 0 10 (33.3%)
Crying 6 (20%) 10 (33.3%)

Spitting 2 (6.67%) 1 (3.33%)

 
Fig. 3: Comparison of different routes with respect to recovery score
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preschool children and found that cooperation scores at the time 
of separation from parents and at the time of mask application 
were similar in both groups, which was statistically insignificant.28

All vitals, including heart rate, respiratory rate, BP, and O2 
saturation, were noted at baseline and at 5-minute intervals for 
a period of 30 minutes in both the oral and nasal groups, with no 
statistical differences observed. Postoperative recovery scores 
were assessed at 10-minute intervals for a period of 30 minutes. 
Children were shifted to the pediatric ward from the PACU when 
a score of 10 was achieved, indicating regular and deep breathing, 
effective coughing, movement of all extremities, and SpO2 greater 
than 98%. At 10 minutes, the median score was 8 in both the 
oral and intranasal groups, with the difference being statistically 
insignificant. At 20 minutes, the median score was 9 in the oral 
group and 9.5 in the intranasal group, indicating faster recovery in 
children who received midazolam via the intranasal route, though 
these differences were statistically insignificant. At 30 minutes, all 
children in both groups had a score of 10 and were fit for transfer 
to the ward. A previous study observed that the time in the PACU 
was similar for children who received midazolam either nasally, 
rectally, or orally.29

Side effects such as nausea and vomiting, bradycardia, drop 
in O2 saturation, hypertension, and respiratory depression were 
observed. Nausea and vomiting were observed in only 1 (3.33%) 
patient in the oral group. A drop in O2 saturation was observed 
in only 1 (3.33%) patient in the nasal group. No other side effects 
such as hypertension, bradycardia, or respiratory depression were 
observed in any patients in either group. Acceptability of the route 
was assessed by observing watering of eyes and nose, sneezing, and 
crying. In the nasal group, 4 (13.33%) patients experienced watering 
of the eyes and nose, and sneezing was seen in 10 (33.33%) patients, 
which may be due to irritation of the nasal mucosa from the acidic 
preparation of midazolam (pH 3.34). Crying was observed in 6 
(20%) patients who received midazolam through the nasal route, 
compared to 10 (33.33%) patients who received midazolam orally. 
In the nasal group, only 1 (3.33%) patient spat the drug, while in the 
oral group, 2 (6.67%) patients spat the drug. The median sedation 
score at 30 minutes was equal for both the oral and nasal groups, but 
subjects with intranasal administration showed more movement 
and less sleep than those with oral administration. Based on these 
observations, the oral route is more acceptable for midazolam 
premedication in pediatric patients compared to the nasal route; 
however, the nasal route offers a quicker onset of action. A previous 
study also observed similar side effects, such as nasopharyngeal 
irritation, bad mouth taste, watering of the eyes, dizziness, and 
nasal congestion, with the intranasal route.30

Co n c lu s i o n

We can conclude that both the oral and intranasal routes for 
midazolam premedication are equally effective and safe for 
pediatric dental patients treated under general anesthesia; 
however, the intranasal route has a quicker and more rapid onset 
of action.

Clinical Significance
Based on the entire observations, we recommend the oral route 
of midazolam premedication over the intranasal route because 
it is more acceptable to pediatric patients. Intranasal midazolam 
can cause irritation and burning of the nasal mucosa, making the 
child more reluctant.
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