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ABSTRACT

Purpose: The purpose of this study was to evaluate and compare intranasal (IN) and oral (PO)
midazolam for effect on behavior, time of onset, maximum working time, efficacy, and safety
for patients requiring dental care.
Methods: Forty anxious subjects (20 IN, 20 PO, Frankl Scale 3 and 4, ages 2-6 years, ASA I
and II) were sedated randomly with either IN (0.3 mg/kg) or PO (0.7 mg/kg) midazolam.
The dental procedure under sedation was videotaped and rated by a blinded and calibrated
evaluator using Houpt’s behavior rating scale.
Results: There was no statistical difference for overall behavior (F

3,27
=0.407; P=.749). The

planned contrasts showed significant interactions between time and route (IN vs PO) be-
tween 25 and 30 minutes after starting sedation. The time of onset (P=.000) and the working
time (P=.007) were significantly different between IN and PO midazolam. There were no
statistically significant differences in vital signs (O

2 
sat, HR, RR, BP) between PO and IN

(P=.595). IN subjects showed more movement and less sleep toward the end of the dental
procedures, and faster onset time but shorter working time than PO. Vital signs were stable
throughout the procedures with no significant differences.
Conclusions: Mean onset time was approximately 3 times faster with IN administration com-
pared to PO administration. Mean working time was approximately 10 minutes longer with
PO administration than it was with IN administration. Overall behavior under PO and IN
was similar. However, more movement and less sleep were shown in subjects under IN than
those under PO toward the end of the dental session. All vital signs were stable throughout the
procedures and showed no significant differences between PO and IN administration. (J Dent
Child. 2004;71:126-130)
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Delivering dental care to very young pediatric dental
patients can be very challenging. These children ben-
efit from conscious sedation, using medications

which can be administered effectively, safely, and painlessly,
which are beneficial for both the patients and their health
care providers.1

Midazolam is a popular medication in pediatric dentistry,
safety and efficacy of oral and nasal midazolam in infants and
children has been reported. Midazolam is a water-soluble ben-
zodiazepine, which is more potent than diazepam,2 and

can be administered through intramuscular, intravenous, rec-
tal, and oral routes.3 The intranasal route has the potential
advantage of rapid absorption, bypassing the first portal pass
metabolism.4 The oral route is the most favorable way to ad-
minister this medication in pediatric dentistry, due to the dis-
comfort associated with other routes. The onset of drugs given
orally or rectally, however, is slower than if administered na-
sally.5,6 Some children still spit out the medication, even with
careful administration according to Houpt’s recommendation.7

The purpose of this study was to:
1. compare the efficacy and safety of midazolam through a

single dose of 0.7 mg/kg via oral route (PO) vs 0.3 mg/
kg by nasal route (IN);

2. compare the onset time and maximum working times
of the 2 regimens (PO and IN midazolam);

3. evaluate and compare the pediatric patients’ behavior
under the 2 regimens.
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The hypotheses tested were:
1. The onset time will be faster with nasal administration,

since midazolam given nasally bypasses the first hepatic
portal system.

2. Behavior during sedation should be similar under the 2
regimens, since these regimens should metabolize
through the same mechanism.

METHODS

SAMPLES

A total of 40 (19 female, 21 male) subjects were recruited
for this IRB-approved study from the patient population of
the Department of Pediatric Dentistry at the University of
Illinois at Chicago.

The following inclusion criteria were met:
1. children ages 24 to 72 months old who demonstrated

Early Childhood Caries (ECC);
2. medically healthy subjects (ASA I) or subjects with well-

controlled systemic disease such as asthma, uncompli-
cated diabetes, etc. (ASA II);

3. subjects in need of 1 or more dental visits for compre-
hensive dental care, including amalgam and/or compos-
ite restorations, pulpotomy procedures, stainless steel
crowns, and extractions;

4. subjects with a definitely or slightly negative behavior
rating, based on the Frankl Behavior Rating Scale.

The parents or legal guardians were informed about the
purpose of this study, and potential risks and benefits asso-
ciated with it.

METHOD

Five dental providers (residents and fellows), who had dem-
onstrated similar clinical skills and proficiencies, performed
all treatments. Providers were fully aware of the inclusion and
exclusion criteria, the use of recording monitors, and dental
procedures used for this study. The principal investigator con-
ducted subject selection and random assignment of PO or IN
midazolam administration.

PROCEDURE

All selected subjects received preoperative instructions before
the sedation appointment. Subjects were not allowed to eat
or drink for at least 4 to 6 hours prior to the sedation appoint-
ment and had no signs or symptoms such as fever, runny
nose, or cough in the preceding days and immediately prior
to sedation. At the sedation appointment, the dental provider
evaluated respiration, heart rate, blood pressure, and oxygen
saturation prior to administering the sedative medication.
Subjects randomly received 0.7 mg/kg PO midazolam HCL
(cherry-flavored Versed syrup: 2 mg/1 cc, Roche Laborato-
ries, Inc) or 0.3 mg/kg IN midazolam HCL (Versed vial: 10
mg/2 cc, Roche Laboratories, Inc) based on random assign-
ment to a regimen. The drug was administered PO by either
the dental provider or parents using a cup or syringe. The
dental provider administered the IN drug with a 1 or 2 cc
syringe.

The subject was brought into the sedation room 15 to
20 minutes after PO administration or approximately 5
minutes after IN administration. A pulse oximeter and a
precordial stethoscope were used to record respiratory rate
(RR), heart rate (HR), oxygen saturation (O

2
 sat), and blood

pressure (BP). All patients received 45% nitrous oxide and
0.9 to 3.6 cc of 2% lidocaine with 1:100,000 epinephrine
during the sedation and were restrained in a papoose board
without a head holder. The papoose board was used in the
pediatric dentistry clinic as a standard of care restraint de-
vice for all subjects under sedation. The entire dental proce-
dure was videotaped and vital signs (RR, HR, O

2
 sat, BP)

were recorded every 15 minutes by a trained dental assistant
who also recorded the time of the onset and working time
after dental procedure completion.

DATA COLLECTION AND ANALYSIS

Gender, age, race, sex, weight, working time, onset time, and
completed treatment were recorded. The videotapes were
evaluated and scored independently by blinded and calibrated
evaluator using a modified Houpt’s behavior rating scale.
Intraexaminer reliability was determined after the evaluator
watched 3 pilot studies at 3 different times separated by a 1-
week interval, with 100% concordance. These 3 pilot studies
were not included in the main study. Data were entered into
Microsoft Excel Spreadsheet and transferred to SPSS 10.0
(Statistical Package for the Social Sciences, SPSS, Chicago,
Ill) software for statistical analysis. Chi-square was used for
gender and race, and t test was used for evaluating age, weight,
onset, and working time. Multivariate analysis of variance
(ANOVA) was used to evaluate behavior (BX) and vital signs
between PO and IN.

RESULTS

Forty subjects met inclusion criteria and participated in this
study. Demographic and weight distribution of PO and IN
are displayed in Table 1. There were no statistical differences
in gender, age, and weight between PO and IN administra-
tions (P≤.05). Mean onset time of PO and IN routes was
15.5 (SD±5) minutes and 5.55 (±2.2) minutes, respectively.
These differences were statistically significant (T=8.068, df=38,

Route of
administration Gender† Ethnicity‡ Age (mos) Weight (kg)

PO 9 (F) 8 (AA) 40.8 (±11) 17.1 (±3.6)
11(M) 3 (C)

9 (H)

IN 10 (F) 7 (AA) 38.5 (±9.8) 16.2 (±4)
10 (M) 4 (C)

9 (H)

P Value NS NS NS NS

*NS=not significantly at P=.05.
†F=female; M=male.
‡AA=African American; C=Caucasian; H=Hispanic.

Table 1. Demographics of Subjects Based on Gender,
Ethnicity, Age, and Weight*
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P=.000). Mean working times of PO
and IN were 38.1 (±7.58) minutes
and 29.3 (±11.6) minutes, respec-
tively. These values showed statisti-
cally significant differences
(T=2.868, df=38, P=.007).

Behavior under sedation was
rated every 5 minutes by using
Houpt’s behavior rating scale for
sleep, movement, crying, and over-
all behavior. Houpt’s scale is an
ordinal measure and allows the
operator to evaluate the behavior
during sedation at different time
points. Five-minute means of
rating scale for sleep in PO and IN
are depicted in Figure 1. Five-
minute means for (1) movement in
PO and IN and (2) crying in PO
and IN are depicted in Figures 2
and 3, respectively.

The effect of IN vs PO on
behavioral variables was analyzed
using a multivariate ANOVA with
repeated measures of sleep, move-
ment, and crying and revealed no
significant differences between PO
and IN administration (F

3,27
=0.407;

P=.749). However, planned con-
trasts showed significant differences
in behavioral variables at certain
times (Table 2). Between 25 and
30 minutes after the sedation began,
subjects with IN showed more
movement and less sleep than those
with PO. Subjects in both groups
showed significant changes toward
waking between 30 and 35 minutes
after administration of sedation.

MANOVA with repeated mea-
sures showed no significant differ-
ences in vital signs (O

2
 sat, HR, RR,

BR) between PO and IN, recorded
every 15 minutes (F

15,18
=0.879;

P=.595).

DISCUSSION

Although hypoventilation and hy-
poxemia are major risks associated
with high doses of midazolam, there
are few reports of respiratory depres-
sion in children.8 Unlike diazepam,
midazolam metabolites are inactive:
therefore, patients can be discharged
immediately after the dental proce-
dure with midazolam sedation.9 PO
is the most common method of

Figure 1. Comparison of Houpt’s BX-sleep scale for intranasal and oral
administration (error bars are 1 standard deviation).

Figure 3. Comparison of Houpt’s BX-crying scale for intranasal and oral
administration (error bars are 1 standard deviation).

Figure 2. Comparison of Houpt’s BX-movement scale for intranasal and oral
administration (error bars are 1 standard deviation).
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administration in pediatric dentistry—more common than
intravenous (IV), rectal, or intranasal administration due to:

1. fear of injection (IV);
2. poor and irregular absorption via rectal administration10;
3. IN administration, which gives a nasal burning sensation.
Fuks et al11 with random assignment to 0.2 mg/kg or 0.3

mg/kg of IN midazolam in 30 children (age range=20-42
months), documented that IN midazolam had a rapid onset
and short duration. Walbergh et al12 reported the rapid onset of
IN midazolam with relatively high plasma concentration.
Kupietzky and Houpt9 discussed the possibility that the IN
route led to the drug being absorbed in the brain and cere-
brospinal fluid through the cribriform plate; however, the exact
mechanism of IN medication absorption is not fully under-
stood. This study’s data demonstrates that IN drug administra-
tion leads to faster onset time, and somewhat shorter working
time. This suggests that both absorption and metabolism of
midazolam is faster with IN administration.

Connors et al13 found that there were no significant differ-
ences in behaviors and alteration of vital signs of patients un-
dergoing laceration repair under nasal and oral midazolam
administration. This study showed similar results: there were
no statistically significant differences in overall behavior and
alterations of vital signs (O

2
 sat, HR, RR, BP) between PO

and IN midazolam regimens for pediatric dental patients un-
dergoing dental procedures. Subjects under IN, however,
showed more movement and less sleep between 25 and 30
minutes after sedation began, indicating that subjects with
IN administration were waking up from sedation about 5 to
10 minutes before the PO subjects.

Forty-five percent N
2
O was used in this study for all the

cases and may have prolonged the working time and given
analgesic effects. Use of a papoose board did not have any
noticeable effects on behavior scale assessment. Any irrational
or subtle effects were common for both experimental groups.
If the child moved, feet, head, and hand movements were
very easily identifiable and recorded according to the behav-
ior scale. It is possible that some of the IN midazolam was
swallowed, but the authors were not able to quantify the
amount. The swallowed amount was not therefore measured
or included in the results. In addition, a cross-over design that

Source Variable Time contrast F df Significance

Time Sleep 30 vs 35 min 14.8 1,29 .001

Movement 30 vs 35 min 5.5 1,29 .026

Crying 30 vs 35 min 5.29 1,29 .029

Time route Sleep 25 vs 30 min 6.15 1,29 .019

Movement 25 vs 30 min 4.71 1,29 .038

Crying 25 vs 30 min 1.02 1,29 .321

Table 2. Tests of Within-subject Contrasts of Effects of
Route of Administration on Behavioral Variables Over
Time

tested the same subject for both PO and IN routes would
have been preferable, since the same subject would be his/her
own control. Midazolam sedation with or without N

2
O can

be an objective for a future study.
This study’s possible limitations are:

1. The operator and assistant were not blind to the admin-
istration route, which could have compromised the on-
set time accuracy since these were subjective ratings of
the operator and assistant.

2. Multiple operators were used, whose experiences and
ratings of onset and working time may have varied
slightly.

Future studies should consider blinding the operator and
assistant to the route of administration.

CONCLUSIONS

The following conclusions were made based on this study:
1. Mean onset time was approximately 3 times faster with IN

administration compared to PO administration.
2. Mean working time was approximately 10 minutes

longer with PO administration than it was with IN
administration.

3. Overall behavior under PO and IN was similar. However,
more movement and less sleep were shown in subjects
under IN than those under PO toward the end of the
dental session.

4. All vital signs were stable throughout the procedures
and showed no significant differences between PO and
IN administration.
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