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ABSTRACT  

Background: Children undergoing surgery often develop perioperative 

anxiety, which affects sedation, parental separation, and procedural cooperation. 

Intranasal midazolam is widely used, but its behavioural and physiological 

effects in preschool children require evaluation. This study aimed to assess the 

effectiveness and safety of intranasal midazolam compared with intranasal 

normal saline on perioperative behaviour, haemodynamic parameters, recovery, 

and adverse effects in children aged three–six years. Materials and Methods: 

This prospective randomised study was conducted at Vinayaka Mission 

Kirupananda Variyar Medical College and Hospital between November 2013 

and August 2015. Sixty children undergoing elective surgery were allocated to 

receive either intranasal midazolam (0.2 mg/kg) or intranasal normal saline 

(NS). Behavioural scores, vital parameters, recovery, and adverse effects were 

recorded. Result: Baseline age, sex, weight, and ASA status were comparable 

between the groups. Adequate sedation at 5 min was achieved in 25 children 

(83.3%) receiving midazolam versus 15 (50%) receiving saline (p = 0.019). 

Easy parental separation at 10 min occurred in 27 children (90%) in the 

midazolam group compared with four (13.3%) in the saline group (p < 0.001). 

A satisfactory response to venepuncture was observed in 21 (70%) and 7 

(23.3%) children (p < 0.001). Mask placement was better tolerated, with no 

agitation in the midazolam group compared with 50% agitation in the saline 

group. Heart rate and respiratory rate were lower and more stable in the 

midazolam group, while systolic blood pressure remained comparable. The 

recovery scores at 10 min were similar in both groups. Mild nasal irritation or 

bad taste occurred in four children (13.3%) receiving midazolam, with no 

adverse effects in the saline group. Conclusion: Intranasal midazolam provides 

effective sedation, improves perioperative cooperation, and is safe without 

delaying recovery. 

 
 

 

INTRODUCTION 
 

Surgery and anaesthesia cause emotional stress in 

children.[1] This stress affects their behaviour during 

the perioperative period and may continue even after 

discharge from the hospital. Anxiety levels depend 

on age, parental anxiety, previous hospital 

experience, and the type of surgery.[2] Children 

between two and five years are more vulnerable 

because their understanding of medical procedures is 

limited. Preoperative anxiety activates sympathetic, 

parasympathetic, and endocrine responses, leading to 

increased heart rate, raised blood pressure, and 

increased cardiac excitability.[3] 

In children who are not premedicated, anxiety is 

commonly seen as crying, clinging to parents, refusal 

to cooperate, and excessive movement.[4] These 

behaviours make venepuncture difficult, delay the 

induction of anaesthesia, and interfere with mask 

placement. After surgery, anxious children may 

develop sleep disturbances, feeding problems, 

enuresis, and fear of doctors and hospitals. These 

behaviours occur around induction and recovery and 

can be observed and assessed clinically.[3] 

Methods to reduce anxiety include non-

pharmacological and pharmacological approaches. 

Non-pharmacological methods include counselling, 

parental presence, and friendly interaction with the 

anaesthesiologist. These measures depend on the 

child’s temperament and cooperation level. In 

preschool children, such methods alone often fail to 

achieve calm separation from parents and smooth 

induction, making drug premedication necessary.[5] 

An ideal paediatric premedicament should be easy to 

administer, acceptable to the child, rapid in onset, and 

associated with minimal side effects. Many drugs 
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have been used for this purpose, including opioids, 

ketamine, barbiturates, alpha-2 agonists, and 

benzodiazepines.[6] Each of these agents has 

limitations, such as respiratory depression, agitation 

during induction, delayed recovery, or postoperative 

discomfort. Hence, no single drug fulfils all the 

requirements of an ideal premedicant. 

Midazolam is an imidazobenzodiazepine with 

anxiolytic, sedative, amnestic, and anticonvulsant 

properties.[7] It is rapidly absorbed and has a short 

elimination half-life of approximately two hours. 

When administered at appropriate doses, it produces 

adequate sedation without significantly prolonging 

recovery. This making it suitable for short elective 

paediatric surgical procedures. 

Different routes have been used to administer 

premedication in children. Intramuscular injections 

are painful and poorly accepted. The oral and rectal 

routes exhibit variable absorption and reduced 

bioavailability. Sublingual administration requires 

cooperation, which is difficult to achieve in young 

children. The intranasal route allows rapid absorption 

through the nasal mucosa and avoids needle use.[8] It 

also allows for predictable timing of sedation before 

separation, venepuncture, and induction. 

Intranasal midazolam is commonly used, but there 

are limited structured data assessing its effects on 

multiple perioperative behaviours in preschool 

children. Many studies have assessed only sedation 

or included wide age groups.[8,9] There is a need to 

evaluate sedation, parental separation, venepuncture 

response, mask acceptance, recovery pattern, and 

side effects together. This study aimed to address this 

gap and evaluate the use of intranasal midazolam as 

a premedication in paediatric anaesthesia by 

measuring sedation level, ease of separation from 

parents, response to venepuncture, response to mask 

placement during induction, postoperative recovery 

characteristics, and adverse effects. We hypothesised 

that intranasal midazolam would provide superior 

sedation and perioperative cooperation without 

causing clinically significant haemodynamic 

instability or delayed recovery compared with normal 

saline. 

 

MATERIALS AND METHODS 
 

This prospective study was conducted among 60 

paediatric patients undergoing elective surgical 

procedures at Vinayaka Mission Kirupananda 

Variyar Medical College and Hospital between 

November 2013 and August 2015. Institutional 

Ethics Committee approval was obtained prior to 

study initiation, and written informed consent was 

obtained from the parents or legal guardians of all 

participants. 

Inclusion Criteria 

Children aged 3–6 years of either sex with ASA 

physical status I or II scheduled for elective surgery 

were included.  

 

 

Exclusion Criteria 

Children with rhinopharyngitis, nasal pathology, 

drug allergy, sedative use, theophylline or H2 

receptor antagonist therapy, prematurity, chronic 

illness, developmental delay, cardiopulmonary, 

hepatic, or renal disease, ASA grade III or higher, and 

those whose parents declined consent were excluded 

from the study. 

Methods: The children were divided into two 

groups. Group S received intranasal normal saline at 

a dose of 0.04 ml/kg, and Group M received 

intranasal midazolam at a dose of 0.2 mg/kg using a 

preservative-free injectable preparation with a 

concentration of 5 mg/ml. The assigned drug was 

divided into two equal aliquots and administered into 

both nostrils using a 2 ml syringe without a needle, 

with the child seated on the parent’s lap 15 min before 

the induction of anaesthesia. 

Baseline heart rate, respiratory rate, oxygen 

saturation, and blood pressure were recorded before 

the drug administration. Sedation was assessed at 5 

min using a five-point scale: agitated (1), alert (2), 

calm (3), drowsy (4), and asleep (5). At 10 min, the 

children were separated from their parents, and the 

response was graded as excellent (1), good (2), fair 

(3), or poor (4). The reaction to venepuncture was 

assessed as satisfactory (1) or unsatisfactory (2). At 

15 min, general anaesthesia was induced, and the 

child’s response to mask placement was recorded 

using a five-point induction score ranging from 

agitated (1) to asleep (5). 

 

 
Figure 1: Consort diagram 

 

Postoperative recovery was assessed at 10, 20, and 30 

min using a structured recovery score based on 

colour, airway, respiration, level of consciousness, 

and movement, with each parameter scored from 0 to 

2. Preoperative evaluation was performed on the day 

before surgery, including a general examination and 

routine investigations. On the day of surgery, 
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standard monitoring was applied, anaesthesia was 

induced and maintained according to surgical 

duration and body weight, and children were 

observed in the post-anaesthesia care unit until fully 

awake and met the discharge criteria. Adverse effects 

such as watering of the eyes, bad taste, nasal 

irritation, blurred vision, and nausea or vomiting 

were monitored for 24 h. 

Statistical analysis: All data were entered and 

analysed using SPSS v29. Categorical variables were 

expressed as frequencies and percentages, and 

continuous variables were presented as means and 

standard deviations. Comparisons between groups 

for categorical variables were performed using 

Pearson’s chi-square test. Continuous variables were 

compared using the independent samples t-test. 

Statistical significance was set at p < 0.05. 

 

 

 

 

 

RESULTS 

 

The mean age was 5.33 ± 0.96 years in the midazolam 

group and 4.93 ± 0.98 years in the normal saline 

group. Male children constituted 21 (70%) and 17 

(56.7%) in the midazolam and normal saline groups, 

respectively. The mean body weight was 15.17 ± 3.72 

kg in the midazolam group and 14.77 ± 4.02 kg in the 

normal saline group. Most children had ASA 

physical status I, accounting for 23 (76.7%) and 28 

(93.3%) in the midazolam and normal saline groups, 

respectively [Table 1]. 

The midazolam group showed better perioperative 

behaviour than the normal saline group. Adequate 

sedation at 5 min was significantly higher in the 

midazolam group than in the saline group (83.3% vs. 

50%, p = 0.019). Easy parental separation was 

achieved more with midazolam (90%) than with 

saline (13.3%, p < 0.001). A satisfactory 

venepuncture response was observed in 70% of 

children receiving midazolam compared with 23.3% 

receiving saline (p < 0.001) [Table 2]. 

Table 1: Baseline demographic and clinical characteristics 

Variable Midazolam group 

mean ± SD / N (%) 

Normal saline group  

mean ± SD / N (%) 

p value 

Age (years) 5.33 ± 0.96 (3–6) 4.93 ± 0.98 (3–6) 0.116 

Gender Male 21 (70%) 17 (56.7%) 0.284 

Female 9 (30%) 13 (43.3%) 

Weight (kg) (range) 15.17 ± 3.72 (8–25) 14.77 ± 4.02 (7–20) 0.691 

ASA physical status ASA I 23 (76.7%) 28 (93.3%) 0.071 

ASA II 7 (23.3%) 2 (6.7%) 

 

Table 2: Perioperative behavioural outcomes between groups 

Outcome Category (Score) Midazolam (n = 30) n (%) Normal saline (n = 30) n (%) p value 

Sedation at 5 min  Agitated (1) 5 (16.7%) 15 (50%) 0.019 

Alert (2) 12 (40.0%) 12 (40%) 

Calm (3) 10 (33.3%) 3 (10%) 

Drowsy (4) 2 (6.7%) 0 (0%) 

Asleep (5) 1 (3.3%) 0 (0%) 

Parental separation at 10 min Excellent (1) 12 (40%) 0 (0%) <0.001 

Good (2) 15 (50%) 4 (13.3%) 

Fair (3) 2 (6.7%) 16 (53.3%) 

Poor (4) 1 (3.3%) 10 (33.3%) 

Venepuncture response Satisfactory (1) 21 (70%) 7 (23.3%) <0.001 

Unsatisfactory (2) 9 (30%) 23 (76.7%) 
 

The midazolam group showed a more favourable 

response to mask placement, with no children 

exhibiting agitation, compared to 15 children (50%) 

in the normal saline group. Calm or drowsy 

behaviour was observed in 16 children (53.3%) in the 

midazolam group and 4 children (13.3%) in the 

normal saline group [Table 3]. 

 

Table 3: Response to mask placement at induction 

Response to mask placement Midazolam group (n = 30) n (%) Normal saline group (n = 30) n (%) 

Agitated 0 15 (50%) 

Alert 11 (36.7%) 10 (33.3%) 

Calm 13 (43.3%) 4 (13.3%) 

Drowsy 3 (10%) 0 

Asleep 3 (10%) 1 (3.3%) 
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Figure 2: Changes in the heart rate after premedication 

 

The heart rate decreased steadily in the midazolam 

group from 156 beats per minute at baseline to 136 

beats per minute by 15 min and remained stable at 30 

min, whereas in the normal saline group, the heart 

rate increased from 152 to 156 beats per minute at 5 

min and remained higher at 30 min (150 beats per 

minute) [Figure 2]. 

Systolic blood pressure showed a gradual decrease in 

both groups, declining from 94 to 80 mmHg in the 

midazolam group vs. 100 to 84 mmHg in the normal 

saline group, with values remaining comparable 

between groups throughout the observation period 

[Figure 3]. 

 

 
Figure 3: Changes in the SBP after premedication 

 

 
Figure 4: Changes in the respiratory rate after 

premedication 

 

The respiratory rate decreased in the midazolam 

group from 30 to 22 breaths/min by 10 min, whereas 

in the normal saline group, it showed a smaller 

reduction from 28 to 26 breaths/min and increased to 

30 breaths/min at 15 min [Figure 4]. 

At 10 min after anaesthesia, recovery scores were 

comparable between groups, with most children 

scoring 7 or 8 in both the midazolam (28 children, 

93.3%) and normal saline (27 children, 90%) groups 

[Figure 5]. 

 

 
Figure 5: Post anaesthesia recovery score at 10 minutes 

 

Adverse effects were minimal in the midazolam 

group, with nasopharyngeal irritation observed in two 

children (6.7%) and nasal congestion and bad taste 

noted in one child each (3.3%), while no adverse 

effects were reported in the normal saline group 

[Table 4]. 

 

Table 4: Adverse effects following intranasal premedication 

Variable Category Midazolam group (n = 30) Normal saline group (n = 30) 

Adverse effects Nasopharyngeal irritation (Yes/No) 2/28 0/30 

Nasal congestion (Yes/No) 1/29 0/30 

Bad taste (Yes/No) 1/29 0/30 

 

DISCUSSION 
 

This study showed that intranasal midazolam 

produced better preoperative sedation, easier 

separation from parents, improved cooperation 

during venepuncture and mask placement, stable 

heart rate and blood pressure, comparable recovery, 

and only mild and infrequent nasal side effects 

compared with normal saline. The rapid onset is 

attributed to direct systemic absorption through the 

highly vascular nasal mucosa, bypassing the first-

pass metabolism. 

The two groups were comparable at baseline with 

respect to age, sex distribution, body weight, and 

ASA physical status, with no significant differences 

observed. Similarly, Ramlan et al. found that the 

baseline characteristics were comparable between 

groups, with similar gender distribution (male 50.0% 

vs. 46.8%), overlapping age ranges (1–9 vs. 1–10 

years), comparable body weight ranges (6–32 vs. 8–

35 kg), and similar ASA I–II distribution.10 Because 

both groups had similar age, sex, weight, and ASA 

status, the groups were comparable at the start. This 

supports the notion that the differences observed later 
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were due to the drug effect and not because of 

baseline differences. 

In our study, intranasal midazolam resulted in better 

preoperative sedation at 5 min, easier separation from 

parents at 10 min, and more satisfactory response to 

venepuncture, with fewer children showing distress 

or violent behaviour compared to the normal saline 

group. Musani et al. reported superior effects with 

intranasal midazolam, showing better sedation with 

total or minimal movement in 83.3% versus 70.0%, 

and easier parental separation with no crying in 

76.7% compared to 36.7% in the saline group (p = 

0.0131).[11] Mayel et al. reported that intranasal 

midazolam achieved better early sedation, with easy 

acceptance observed in 33 children (89.2%) 

compared to 14 children (36.9%) in the comparison 

group, and a significantly faster onset of sedation (p 

≤ 0.001).[12] 

Chokshi et al. reported that children in the intranasal 

midazolam group showed better procedural 

cooperation, with eight of 25 children not requiring 

intravenous ketamine and others needing lower and 

less frequent supplementation compared to the 

placebo group. This indicated reduced distress during 

intravenous procedures.[13] These results showed 

consistent improvements in early sedation, parental 

separation, and procedural cooperation with 

intranasal midazolam and confirmed its reliable 

behavioural benefits across different paediatric 

settings. 

In our study, mask placement during induction was 

better tolerated in the midazolam group, with no 

children showing agitation and a higher number 

indicating calm or drowsy behaviour. Rawat et al. 

reported that mask placement was better tolerated 

with intranasal midazolam, with no children showing 

agitation compared to 15 children (50%) in the 

normal saline group, and calm or drowsy behaviour 

observed in 16 children (53.3%) versus four children 

(13.3%).[14] These findings indicate the same pattern 

of improved mask acceptance and reduced agitation 

with intranasal administration of midazolam. This 

improvement was significant and confirmed better 

induction conditions with midazolam. 

Our study showed that in the midazolam group, heart 

rate remained lower and stable, systolic blood 

pressure showed a comparable gradual decline in 

both groups, and respiratory rate decreased from 30 

to 22 breaths per minute by 10 min, while the saline 

group showed greater respiratory variability. 

Similarly, Chokshi et al. reported greater 

haemodynamic stability with intranasal midazolam, 

with heart rate showing a significant reduction at 15 

minutes compared with controls (p < 0.05), while 

systolic blood pressure remained stable and 

comparable between groups without clinically 

significant changes.[13] Rawat et al. reported that 

respiratory rate decreased more in the midazolam 

group, with values remaining within acceptable 

limits, while greater variability was observed in the 

normal saline group.[14] These findings show 

haemodynamic stability and controlled respiratory 

effects with intranasal midazolam, confirming its 

safety profile compared with normal saline during 

paediatric premedication. This stability likely 

indicates the anxiolytic and sympatholytic effects of 

midazolam, which attenuate stress responses. 

In our study, adverse effects were minimal in the 

midazolam group, with only mild nasal irritation, 

congestion, or bad taste reported, and no adverse 

effects were observed in the normal saline group. 

Similarly, Mayel et al. reported that the adverse 

effects of intranasal midazolam were mild and 

infrequent, including restlessness in seven children 

(9.3%), delayed awakening in four (5.3%), nausea or 

hiccups in two (2.7%), and respiratory depression in 

one (1.3%), with no significant difference between 

groups (p = 0.15).[12] This supports our findings by 

showing that intranasal midazolam causes only mild, 

infrequent adverse effects without significant group 

differences, confirming its safety and tolerability in 

paediatric premedication. Intranasal administration 

provides a painless, simple, and well-accepted route 

that improves the perioperative workflow in children. 

Limitations 

The single-centre design and small sample size limit 

generalisability. Behavioural scores were observer-

dependent. Blinding was not possible in this study. 

Long-term behavioural outcomes were not assessed. 

The dose-response relationships were not evaluated. 

 

CONCLUSION 
 

Intranasal midazolam produced effective sedation, 

improved perioperative cooperation, maintained 

haemodynamic stability, and did not delay recovery 

compared with normal saline. The adverse effects 

were mild, transient, and clinically insignificant. 

Intranasal midazolam is a safe and effective 

premedication option for paediatric anaesthesia. 

Future studies should include larger multicentre 

samples, assess optimal dosing, and evaluate long-

term behavioural outcomes to strengthen clinical 

recommendations. 
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