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Introduction

In preschool children, preoperative anxiety is likely to predispose 
to emergence delirium, sleep disturbances and behavioral 
changes postoperatively. To prevent preoperative anxiety of 
parental separation, pharmacological intervention by adequate 
pediatric sedation before induction of anesthesia was found to 
be more effective than behavioral intervention.[1-3] Midazolam, 

an ideal anxiolytic removes fear and anxiety in children; 
and makes child calm and sedated for smooth induction of 
anesthesia and rapid recovery in postoperative period.[4] 
Though it is administered by intravenous, intramuscular, rectal, 
sublingual, oral, and nasal routes, oral and intranasal routes 
are preferred for pediatric sedation.[5-8]

Earlier studies on midazolam by oral and intranasal routes used 
parenteral preparation of the drug. For intranasal route, it was 
used in the form of drops. Their results showed equal efficacy 
oral and intranasal midazolam or superiority of intranasal 
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Background and Aims: Preoperative anxiety in children leading to postoperative negative changes and long‑term behavioral 
problems needs better preanesthetic sedation. Across the world, midazolam is the most commonly used premedicant in pediatric 
patients. The fact that no single route has achieved universal acceptance for its administration suggests that each route has its 
own merits and demerits. This study compares oral midazolam syrup and intranasal midazolam spray as painless and needleless 
systems of drug administration for preanesthetic sedation in children.
Material and Methods: With randomization, Group O (30 children): Received oral midazolam syrup 0.5 mg/kg and Group 
IN (30 children): Received intranasal midazolam spray 0.2 mg/kg. Every child was observed for acceptance of drug, response 
to drug administration, sedation scale, separation score, acceptance to mask, recovery score and side effects of drug. Data were 
analyzed using Student’s t‑test, standard error of the difference between two means and Chi‑square test.
Results: In Group O and IN, 15/30 children (50%) and 7/30 children (23%) accepted drug easily (P < 0.05); 4/22 children 
(18%) in Group O and 11/20 children (55%) in Group IN cried after drug administration (P < 0.05). In both the groups, sedation 
at 20 min after premedication (Group O [80%] 24/30 vs. Group IN [77%] 23/30), parental separation and acceptance to mask 
were comparable (P > 0.05); 12/30 children (40%) in Group IN showed transient nasal irritation.
Conclusion: Oral midazolam and intranasal midazolam spray produce similar anxiolysis and sedation, but acceptance of drug 
and response to drug administration is better with oral route.
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midazolam.[7,9,10] Bitter taste of parenteral form of midazolam, 
a limitation factor and cause for rejection and low compliance by 
oral route, is overcome by giving midazolam in syrup form.[10,11] 
For intranasal route, the problem of volume retention in nasal 
cavity and effective dose availability is solved using concentrated, 
atomized nasal midazolam spray to have slow and uniform 
spraying of drug.[12,13] However, comparative studies of these 
two forms are meager.

We used oral midazolam syrup and intranasal midazolam spray as 
a needleless, painless, user friendly system of drug administration 
and aimed to compare the efficacy of midazolam for preanesthetic 
sedation in pediatric patients. We compared effects of oral 
midazolam syrup and intranasal midazolam spray on sedation 
and anxiety of child before induction of anesthesia. Hypothesis put 
forward was that, there would not be difference in sedation level, 
anxiety level, acceptance of drug, drug response, hemodynamic 
changes, recovery, and complications when oral midazolam syrup 
or intranasal midazolam spray was used for pediatric sedation.

Material and Methods

After obtaining approval from Hospital Ethics Committee, 
a	pilot	study	was	conducted	on	10	children	from	each	group	
(oral and intranasal) to determine sample size. Sample size 
was determined with the help of software based on WHO 
publication “Sample size determination in Health Studies” by 
Lwanga and Lameshow.[14] Outcome parameter considered 
was	 satisfactory	 sedation	 score	 at	 20	min.	 Six	 out	 of	 10	
children	in	oral	group	and	9	of	10	children	in	intranasal	group	
developed	satisfactory	sedation	score	of	3	of	more	at	20	min	
of	administration.	A	sample	size	of	18	for	each	group	was	
adequate	to	allow	power	of	80	to	detect	a	difference	of	15	
between the groups. To generalize the results, we selected a 
larger	size	of	30	children	in	each	group.

This prospective, randomized, clinical study was carried out at 
a	tertiary	health	care	hospital	during	Sept	2011	to	April	2012.	
Sixty American Society of Anesthesiologists physical status I 
children	of	1-5	years	age	group,	weighing	8-18	kg	scheduled	
for	 routine	 surgeries	 lasting	 for	<75	min	were	 included	 in	
this study. Preanesthetic evaluation was done and patients 
having upper gastrointestinal tract pathology, nasal infection 
or any nasal pathology, cyanotic spells, allergy to study drug, 
taking any other sedative or anti-convulsant medicine were 
excluded as response to drug may be altered. Investigations 
like hemoglobin concentration, blood cell count, and urine 
examination were carried out in all the patients. Blood urea 
and serum creatinine levels were obtained in patients who were 
posted for genitourinary surgical procedures. Written informed 
consent was obtained from the child's parents. To avoid selection 

bias, odd number children received intranasal midazolam spray 
and even number children received oral midazolam syrup.

All the patients were fasted for 4 h for breast milk and 6 
h for nonhuman milk or light meal.[15] No child received 
any form of sedation before arrival in the operating room. 
Baseline	 sedation	 score	was	 noted	 using	 5-point	 scale.[16] 
After recording baseline pulse rate, respiratory rate, blood 
pressure and arterial oxygen saturation, Group O received 
oral	midazolam	 syrup	 0.5	mg/kg	 (2	mg/ml);	Group	 IN	
received	 intranasal	midazolam	 spray	 0.2	mg/kg	with	 half	
the	dose	administered	in	each	nostril	(5	mg/ml,	each	spray	
delivered	0.1	ml	or	0.5	mg).	The	premedication	was	given	
either by the attending anesthesiologist or one of the parents 
using measuring cap or atomized nasal spray. While receiving 
oral midazolam or intranasal midazolam spray, the child sat 
facing forward on the parent’s lap while their arms were gently 
restrained by one parental hand and the other hand used to 
tilt	the	forehead	back	15°.

Acceptance of drug was noted as poor (refused to accept 
medication)	-	Score	1,	moderate	(accepted	medication	with	
difficulty)	-	Score	2,	or	good	(accepted	medication	without	
complaint) - Score 3.[17] Children who were crying before drug 
administration were excluded from the observation of response 
to drug administration. Response to drug administration was 
noted as yes or no, depending on whether the child started 
crying after administration of drug.

The	child	was	observed	in	the	preoperative	room	for	20	min	
and	state	of	sedation,	and	vital	parameters	were	recorded	at	5	
min	interval.	Sedation	score	was	labeled	as	1,	2,	3,	4	or	5	by	
observing the sedation status of child as agitated, alert, calm, 
drowsy	or	asleep	respectively.	Sedation	Score	1	and	2	were	
considered as unsatisfactory while sedation Score 3, 4, and 
5	were	considered	as	satisfactory.[16] Complications such as 
nausea, vomiting, nasal irritation, hypoxia and hypertension 
were noted in both the groups and treated accordingly.

20	min	after	drug	administration	the	child	was	separated	from	
the parent and ease of separation noted as excellent, good, fair 
and	poor.	Separation	Score	1	(patient	un-afraid,	co-operative)	
and	Score	2	(slight	fear	or	crying,	quiet	with	assurance)	were	
considered as satisfactory or acceptable and Score 3 (moderate 
fear, crying not quiet with assurance) and Score 4 (crying, 
need for restraint) were considered as unsatisfactory or said 
to have a difficult separation.[18]

In the operation theater, to set up an intravenous line, 
gaseous induction was done uniformly with oxygen and 
sevoflurane	(4-8%)	mask.	Acceptance	to	mask	or	response	
to gaseous induction was noted using 3-point criteria. 
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The quality of anesthetic induction was evaluated as 
excellent,	 good	or	poor	 and	 score	 given	was	1,	2,	 or	3.	
Score	1	and	2	were	considered	as	satisfactory	and	score	
3 was considered as unsatisfactory acceptance of mask.
[17] In all patients, surgery was carried out under general 
anesthesia with endotracheal intubation. Vital parameters 
(pulse rate, blood pressure, SpO2) were recorded during 
intraoperative period. After extubation, patient was shifted 
to recovery room.

In the recovery room, vital signs (pulse rate, respiratory 
rate, blood pressure, SpO2) were monitored until the 
child	was	 fully	awake.	Using	a	10-point	 recovery	 room	
score (which included respiration, activity, consciousness, 
temperature	 and	 circulation,	 each	 on	 a	 scale	 of	 0-2,	 to	
give	 a	 maximum	 cumulative	 total	 of	 10,[19]) recovery 
assessment	 was	 done	 at	 10	 min	 intervals	 for	 30	 min	
from	the	time	of	extubation.	Recovery	score	of	8	or	more	
considered satisfactory and time taken for it was noted.[20] 
In postoperative period, the children were followed up for 
24	 hours	 to	 observe	 nausea,	 vomiting,	 nasal	 irritation,	
ulceration, etc.

All data are presented as mean ± standard deviation, 
and/or number. Demographic data were analyzed by t-test 
and Chi-square test. Acceptance of drug, response to drug 
administration, sedation scale, parental separation and 
response to gaseous induction was analyzed by Chi-square 
test. Hemodynamic changes and anesthesia recovery was 
assessed by standard error of difference between two 
means and t-test. P	<	0.05	was	considered	statistically	
significant.

Results

In demographic data, age, weight and duration of anesthesia 
were comparable (P	>	0.05)	in	both	the	groups	[Table	1].	
Male	children	outnumbered	female	children	(43	vs.	17)	in	
this study.

In	both	the	groups,	crying	children	except	1	child	in	Group	
IN	were	settled	down	at	15	min	of	drug	administration.

Baseline sedation score was comparable in both the 
groups	and	it	ranged	in	between	1	and	2.	At	20	min	after	
premedication,	 24/30	 (80%)	 patients	 in	Group	O	 and	
23/30	(77%)	patients	in	Group	IN	had	showed	satisfactory	
sedation	that	is,	sedation	score	of	3	or	more	[Table	2].

Totally,	23/30	(77%)	patients	in	Group	O	and	22/30	(73%)	
patients in Group IN showed acceptable parental separation 
(Score	1,	2)	and	23/30	(77%)	patients	in	Group	O	while	

26/30	 (87%)	 patients	 in	Group	 IN	 showed	 satisfactory	
acceptance	to	mask	(Score	1,	2)	(P	>	0.05)	[Table	3	and	4].

There were no significant differences in baseline vital 
parameters. Changes that occurred in vital parameters after 
sedation, during intraoperative period and postoperative 
period were statistically nonsignificant (P	>	0.05).	Recovery	
score	at	10	min,	20	min,	and	30	min	was	similar	in	both	the	
groups and all children in both the groups attained score of 
10	at	30	min	postoperative	period.

Transient nasal irritation in the form of rubbing of the nose, 
watering,	sneezing	and	 lacrimation	was	observed	 in	12/30	
(40%)	 patients	 of	Group	 IN.	There	was	 no	 redness	 or	
ulceration	observed	in	postoperative	period	[Table	5].

Discussion

Oral	midazolam	 in	 the	 dose	 of	 0.5	mg/kg	 is	 a	 safe	 and	
effective	mode	of	premedication	than	that	of	0.75	mg/kg	and	
1	mg/kg	which	gives	no	additional	benefit,	may	cause	more	side	
effects.[18] Nasal administration of midazolam may be in the 
form of drops, nasal spray or nebulization.[12,13,16,21] Intranasal 
midazolam	has	been	used	in	the	doses	of	0.2,	and	0.3	mg/kg,	
but found no additional benefits from higher dosage and 
recommended	the	lower	dose	of	midazolam	0.2	mg/kg.[16,22] 
Similarly in other studies, intranasal midazolam spray was 
used	in	the	dose	of	0.2	mg/kg[23] while a mucosal atomizer 
device was used to administer midazolam intranasally in the 
dose	 of	 0.4	mg/kg.[13] Concentrated, atomized midazolam 
spray ensures accurate drug delivery, covers larger nasal 
mucosal area and increases bioavailability maximally.[12] 
We	used	 oral	midazolam	 syrup	 in	 the	 dose	 of	 0.5	mg/kg	
and	intranasal	midazolam	spray	in	the	dose	of	0.2	mg/kg	of	
body weight.

We observed good acceptance and better response to 
drug administration in Group O than in Group IN. In 
similar comparative study, while accepting the drug, less 
anxiety was observed in oral midazolam group than in 
intranasal	midazolam	group	as	44%	children	in	oral	group	
were quiet. Nasal midazolam was also found to be more 
irritating than rectal and sublingual route.[7] Children were 

Table 1: Demographic data

Parameters Mean ± SD (n = 30)
Group O Group IN

Age (years) 3.2±1.3 3.2±1.2
Sex (male/female) 20/10 23/07
Weight (kg) 12.8±2.9 12.3±2.2
Duration of anesthesia (min) 52.8±12.5 57.3±14.0
SD = Standard deviation
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even distressed by instillation of normal saline into nasal 
cavity though they were settled very rapidly in presence 
of their parents.[16]

Earlier study has stated that child can be separated as 
early	 as	 10	 min	 after	 oral	 midazolam	 (0.5	 mg/kg).[24] 
Significant anxiolytic effects of oral midazolam were observed 
at	 15	±	4	min	 of	 its	 administration.[25] With intranasal 
midazolam, significant changes in sedation were found as 
early	at	5	min[16] and separation from parents was said to be 
possible	at	10	min.	Demonstrable	high	plasma	concentration	
was	at	14	±	5	min.[12] Others found maximum sedation and 
anxiolysis	at	20	min	in	intranasal	group	while	at	30	min	for	the	
oral group.[7] To avoid bias and incongruence with the earlier 
studies,	we	observed	children	for	sedation	level	for	20	min	
and then separated them from their parents.

Earlier	assessors	used	a	3-,	4-	or	5-point	sedation	scales	to	
assign sedation score.[8,16,18]	 In	our	study,	5-point	sedation	
scale was used to measure sedation. Satisfactory sedation 
score	at	20	min	of	oral	or	intranasal	midazolam	premedication	
was comparable. The sedation status in our study was 
comparable	with	observed	91%	and	85%	sedation	of	earlier	
studies.[23,25]

The most important criterion of a satisfactory premedicant 
for preschool children is its ability to facilitate the separation 
of	child	from	parents.	Other	studies	reported,	78%,	89%,	
70%	satisfactory	separation	with	0.5	mg/kg	oral	midazolam	
and	91%,	80%	with	 intranasal	midazolam.[22,24-26] In our 
study, comparable satisfactory acceptance to mask was 
observed. In earlier studies, similar response was there to 
oral	midazolam	(80-90%)[18] and to intranasal midazolam 
(60%,	80%).[22,27] Reduced anxiety and similar acceptance 
to	mask	(75%)	with	either	oral	or	intranasal	midazolam	has	
also been noted.[7,10]

Monitoring throughout the period of drug action is often 
necessary. Postsedation vitals, intraoperative vitals and 
duration of surgery were comparable in both the groups. 

While studying effects of oral and intranasal midazolam, 
investigators observed that vital signs remained stable with 
medication before and after surgery.[7,9] Others found stable 
vitals during study on oral midazolam.[18]

Detectable preoperative sedation is predictive of delayed 
emergence and midazolam premedication does not affect 
intraoperative BIS, emergence times or recovery times.[28] In 
our study, recovery score for oral versus intranasal midazolam 
at	10	min	(8.8	±	1.0	vs.	8.5	±	1.1),	20	min	(9.6	±	0.6	vs.	
9.2	±	0.8),	and	30	min	(10	±	0	vs.	10	±	0)	was	comparable	
(P	>	0.05).	In	one	study	on	intranasal	midazolam,	recovery	
assessment	 using	 10-point	 recovery	 room	 score	 at	 10	min	
interval	for	30	min	found	score	6	at	10	min,	score	9	at	20	min	
and	score	9	at	30	min.[16] Another study observed recovery 
score	of	7.2	±	0.4	(10	min),	8.9	±	0.8	(20	min)	and	10	
±	0	(30	min).[22]

In our study, nasal irritation was observed in patients 
of Group IN. Nasal side effects have been reported 
differently in intranasal midazolam studies such as nasal 
irritation	(20/31),	nasal	discomfort	17/38	(45%),	intense	
burning.[22,29] One study observed nasal irritation in 
up	 to	77%	of	patient.[7] We observed low incidence of 
nausea and vomiting as in other studies.[16] Hypoxia and 
hypertension were not observed in any of the groups of 
present study.

Acceptability of nasal drops as well as nasal spray is poor 
and is not recommended in children. The recall of horrible, 
unpleasant response could make the child more fearful of 
another visit to hospital.[30] Four percent topical lignocaine 
spray[29] and formulation in aqueous cyclodextrin buffer 
solution have been tried to reduce the nasal irritation due 
to acidic midazolam.[31]

Lack of blinding could be a cause for bias  in our study.

Thus, we conclude that, oral midazolam and intranasal 
midazolam spray produce similar sedation and anxiolysis in 

Table 2: Number of children at different time interval of midazolam sedation

Sedation 
score

Sedation scale (min)
0 5 10 15 20

Group O Group IN Group O Group IN Group O Group IN Group O Group IN Group O Group IN
1 (agitated) 10 09 10 11 08 06 00 01 0 0
2 (alert) 20 21 20 19 20 19 12 12 06 07
3 (calm) 0 0 0 0 02 05 18 17 19 19
4 (drowsy) 0 0 0 0 0 0 0 0 05 04
5 (asleep) 0 0 0 0 0 0 0 0 0 0
χ2 = 0.9820, P = 0.7540
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preschool children, but acceptance of drug and response to 
drug administration is better in oral route. Nasal irritation 
is the issue of concern in case of intranasal midazolam use, 
which warrants future studies.
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Name of conference Dates Venue Name of organising Secretary with contact details
ISACON CENTRAL – 2016
Annual Central Zone Conference 
of ISA 

October
15th‑16th

2016

HIMS, Jolly Grant, 
Dehradun

Org Secretary: Dr. J. P. Sharma
Mobile No.: +91‑9411718466
Email: jpshims@gmail.com

ISACON MAHARASHTRA – 2016 
(MISACON 2016)
Bi Annual State Conference of ISA 
MAHARASHTRA State Chapter

October
15th‑16th

2016

M G M Medical 
College Aurangabad

Org Secretary: Dr. Balaji Asegaonkar
Mobile No.: +91‑9325078733
Email: b_asegaonkar@yahoo.com/misacon2016@yahoo.com
Website: www.misacon2016.com

ISACON NORTH EAST 2016 
4th North East Zone Conference 
of ISA

October
22nd‑23rd, 2016

Assam Medical 
College, Dibrugarh

Org Secretary: Dr. Dhrubajyoti Borgohain
Mobile No.: +91‑9435031489
Email: dhruba_borgohain@yahoo.co.in

American Society of 
Anesthesiologists (ASA) Annual 
Meeting
ANESTHESIOLOGY® 2016

October 
22nd‑26th, 2016

McCormick Place 
Convention Center
Chicago, Illinois 
60616, United States

URL: https://www.asahq.org/Annual%20Meeting/?utm_
source=asahq& utm_medium=landing‑page& utm_
campaign=Annual‑Meeting

Difficult Airway Society Annual 
Meeting 2016 (DAS 2016)

November
16‑18th, 2016

Riviera International 
Centre, Torquay

https://www.das.uk.com/meetings

64th Annual National 
Conference of Indian Society of 
Anaesthesiologists 
ISACON 2016

November, 
25th‑29th, 2016

Punjab Agricultural 
University Campus, 
Ludhiana

Dr. Sunil Katyal,
Organizing Secretary
19‑H, Ashok Vihar, Rishi Nagar, Ludhiana ‑141001, Punjab, India 
Mobile: +91 9814030552, Email ID: katyalsunilmd@gmail.com 
Web: www.isacon2016.com

Anaesthesiology 69th 
Postgraduate Assembly 2016 
(NYSSA 2016)

December
9th‑13th, 2016

Marriott Marquis, 
New York, USA

http://pganyc.weebly.com/
THE NEW YORK STATE SOCIETY OF ANESTHESIOLOGISTS, 
INC. 
110 East 40th Street, Suite 300, New York, NY 10016 USA 
Telephone: 1‑212‑867‑7140 Fax: 1‑212‑867‑7153 
International: +00 followed by number 
HQ@nyssa‑pga.org

14th Conference of  
Asian Society of Paediatric 
Anaesthesiologists”  
(ASPA 2017)
with Preconference workshops

June
3rd‑4th, 2017
2nd June 2017

Grand Hyatt, 
Mumbai, India.
Surya Children 
Hospital, Mumbai, 
India

Website: www.aspa2017.com
Organising Secretary: Dr Vrushali Ponde
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