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SCIENTIFIC REPORT

Midazolam Premedication in Children: A Pilot
Study Comparing Intramuscular and
Intranasal Administration
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The purpose of this study was to compare the effectiveness of intramuscular and
intranasal midazolam used as a premedication before intravenous conscious sedation.
Twenty-three children who were scheduled to receive dental treatment under intra-
venous sedation participated. The patients ranged in age from 2 to 9 years (mean
age, 5.13 years) and were randomly assigned to receive a dose of 0.2 mg/kg of
midazolam premedication via either intramuscular or intranasal administration. All
patients received 50% nitrous oxide and 50% oxygen inhalation sedation and local
anesthetic (0.2 mL of 4% prilocaine hydrochloride) before venipuncture. The sedation
level, movement, and crying were evaluated at the following time points: 10 minutes
after drug administration and at the times of parental separation, passive papoose
board restraint, nitrous oxide nasal hood placement, local anesthetic administration,
and initial venipuncture attempt. Mean ratings for the behavioral parameters of se-
dation level, degree of movement, and degree of crying were consistently higher but
not significant in the intramuscular midazolam group at all 6 assessment points. In-
tramuscular midazolam was found to be statistically more effective in providing a
better sedation level and less movement at the time of venipuncture than intranasal
administration. Our findings indicate a tendency for intramuscular midazolam to be
more effective as a premedication before intravenous sedation.

Key Words: Midazolam; Dentistry; Sedation; Pediatrics; Intramuscular; Intranasal.

The induction of intravenous conscious sedation in
pediatric patients undergoing extensive dental

treatment may be a challenge, particularly during paren-
tal separation and venipuncture. The use of sedative
premedication may help reduce the anxiety and mini-
mize psychological trauma in these patients. Midazolam
(Versed, Hoffman-La Roche Inc, Nutley, NJ) is an ex-
ample of such a preoperative sedative agent. As a wa-
ter-soluble benzodiazepine, midazolam is nonirritating
and has anxiolytic, sedative, hypnotic, and amnesic
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properties. Midazolam has been used as a preoperative
sedative agent via the intramuscular,1,2 intranasal,3,4

oral,5 and rectal6 routes. A relatively slower onset of ac-
tion is a disadvantage of both the oral and rectal routes
of administration. Tolksdorf and Eick7 found the oral
route to be less predictable than the other routes stud-
ied, with patients experiencing nausea and vomiting
postoperatively. Wilton et al4 noted that oral midazolam
also prolongs the recovery time when compared with
other routes. Lejus et al8 pointed out that although rectal
midazolam is an effective premedication, a drawback re-
lates to modesty issues associated with administering the
drug rectally to older children.

Intramuscular sedation is popular due to its ease of
administration, rapid onset of action, better absorption,
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and greater predictability of the length of the latent pe-
riod and duration of action. According to Malamed,9 in-
tramuscular midazolam is an effective preoperative sed-
ative in children and patients with disabilities. However,
one disadvantage of this route relates to the fear of in-
jections, which can be associated with pain.

Intranasal administration of preinductive agents such
as midazolam and sufentanil has been previously inves-
tigated. Karl et al10 concluded that intranasal midazolam
and sufentanil are both effective preinduction sedatives,
but midazolam is preferable to sufentanil for most pe-
diatric patients because it possesses a lesser degree of
respiratory depression (98% of the patients had periph-
eral oxygen saturation greater than 95%). Lejus et al8
reported that intranasal midazolam is an effective and
rapid route of premedication, yet one that is poorly ac-
cepted by patients.

The different routes of administration of midazolam as
a sedative premedication have been previously investi-
gated, and its use intranasally has been compared with
the oral, sublingual, and rectal routes.8,11,12 However, only
one study by de Santos et al13 has compared the intra-
nasal and intramuscular routes of administration of mid-
azolam. Patients received 0.2 mg/kg of midazolam and
0.015 mg/kg of atropine 30–40 minutes before surgery
by either the intramuscular or intranasal route. These au-
thors concluded that there were no significant differences
in the onset of sedation, degree of sedation, and re-
sponse to venipuncture when either intramuscular or in-
tranasal midazolam was administered.13 The purpose of
the present study was to compare the intramuscular ver-
sus intranasal routes of midazolam administration as a
premedication and to determine the effectiveness of each
route in induction of intravenous sedation.

METHODS

Approval of the University of Southern California Insti-
tutional Review Board was obtained. All proposed pro-
cedures were explained and informed consent was ob-
tained from the parents before inclusion of participants
in the study.

Study Sample

Twenty-three healthy, American Society of Anesthesi-
ologists’ classification I (ASA I) pediatric patients be-
tween the ages of 2 and 9 years participated in the pilot
study. The study sample consisted of 7 girls and 15
boys. The mean patient age was 5.13 years (range, 2–
9 years). The mean weight was 21.74 kg (range, 12–
30 kg). Patients were conveniently selected from a pa-
tient pool within the University of Southern California

Pediatric Dentistry Department scheduled for restorative
dental treatment under intravenous sedation. Patients
were scheduled for intravenous sedation if they met the
following criteria during the initial examination appoint-
ment: extremely apprehensive or uncooperative and un-
likely to tolerate treatment in the dental clinic with or
without nitrous oxide conscious sedation, healthy (ASA
I), severe caries that involved 2 or more quadrants of
the mouth, likely to require 2 or more oral conscious
sedation visits, and parental consent to have children
receive intravenous sedation.

Study Procedure

All patients were required to have nothing by mouth
after midnight the night before the appointment, and
parents were instructed to give only clear liquids and no
milk up to 4–6 hours before the appointment. Patients
were weighed and chests were auscultated for possible
respiratory congestion before sedative drug induction.
The sedation was cancelled if the patient had a cold or
flu, had an upper respiratory tract infection, or violated
the nothing by mouth restrictions.

Each patient was randomly assigned to have intra-
muscular or intranasal administration of 0.2 mg/kg of
midazolam, as recommended by previous investiga-
tors.7,8 Of the 23 patients, 12 received intramuscular
midazolam, and 11 received intranasal midazolam. The
mean dose was 4.35 mg (range, 2.4–6 mg). For the
intramuscular route, the drug was injected into the vas-
tus lateralis muscle of either leg. For the intranasal
route, the child was placed on the parent’s lap and given
drops of midazolam from a needleless syringe into the
nose.

Following drug administration, the child remained
with the parent in a quiet area away from the treatment
room for 15 minutes. The patient was then separated
from the parent and taken into the treatment room. The
patient was placed in the dental chair in a supine posi-
tion and secured in a papoose board. A nasal hood was
then placed over the nose and a mixture of 50% nitrous
oxide and 50% oxygen was administered. The dental
anesthesiologist then examined the antecubital fossa of
each arm for an adequate vein. Once a suitable vein was
found, a tourniquet was placed superior to the veni-
puncture site. The antecubital fossa area was then
cleansed with an alcohol swab and a small volume of
4% prilocaine hydrochloride (0.2 mL or 8 mg) was then
injected subcutaneously at the venipuncture site to anes-
thetize the skin. Venipuncture was then accomplished at
the anesthetized site with a 22-gauge indwelling cathe-
ter. Heart rate, respiratory rate, blood pressure, and ox-
ygen saturation were monitored continuously following
intravenous drug administration.
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Table 1. Summary of Sedation Level†

Drug
Route

No. (%) of Participants

Fully Awake,
Alert (1) Drowsy (2) Asleep (3)

Mean
Rating

10 min after drug administration IM
IN

1 (8)
2 (19)

10 (83)
9 (82)

1 (8) 2.00
1.82

Parental separation IM
IN

1 (8)
4 (36)

9 (75)
7 (64)

2 (17) 2.08
1.64

Papoose board IM
IN

1 (8)
4 (36)

9 (75)
7 (64)

2 (17) 2.08
1.64

Nitrous oxide nasal hood IM
IN

1 (8)
4 (36)

10 (83)
7 (64)

1 (8) 2.00
1.64

Local anesthetic IM
IN

2 17)
5 (45)

9 (75)
6 (55)

1 (8) 1.92*
1.54*

Initial venipuncture IM
IN

1 (8)
6 (55)

10 (83)
5 (45)

1 (8) 2.00**
1.45**

† IM indicates intramuscular; IN, intranasal. Percentage totals may not equal 100% because of rounding.
* Statistically significant for one observer (P , .05).

** Statistically significant for both observers (P , .05).

For consistency, the dental anesthesiologist (S.F.M.)
administered the sedative drug, injected the local anes-
thetic, and performed the venipuncture in all study par-
ticipants. Pediatric dental residents performed all sub-
sequent dental treatment for the patients in conjunction
with the administration of intravenous conscious seda-
tion. All participants were videotaped throughout the
experimental period, beginning 5 minutes after admin-
istration of the midazolam premedication and conclud-
ing after venipuncture.

Behavior Assessment

Previous studies have reported the occurrence of be-
havior changes 10–15 minutes after drug administration
involving both the intramuscular14 and intranasal4
routes. In the current study, changes in behavior were
evaluated based on the modified Houpt et al rating
scale.15 The behavioral parameters of sedation level,
movement, and crying were assessed at each of the fol-
lowing 6 time points: 10 minutes after drug administra-
tion, parental separation, securing the patient inside a
papoose board, placement of the nasal hood for nitrous
oxide and oxygen administration, injection of local an-
esthetic at the site of venipuncture, and initial venipunc-
ture attempt. An overall global rating of each patient’s
behavior was also determined at the conclusion of the
venipuncture.

Two evaluators independently assessed the behavior
parameters as noted herein from the videotapes. The
evaluators had no prior knowledge of which premedi-
cation route had been used. Before actual evaluation,
the 2 evaluators were calibrated using the modified
Houpt et al rating scale.

Statistical Analysis

The independent variable in the study was the choice of
drug route (intramuscular or intranasal). The dependent
variables in assessment of the effectiveness of each
route were the sedation level, degree of movement, and
degree of crying. Because ordinal data were obtained
with the rating scale, the nonparametric Mann-Whitney
U test at the 95% significance level was used to com-
pare the effectiveness of the 2 routes of midazolam ad-
ministration. Interobserver reliability was assessed using
the Spearman’s rank correlation coefficient.

RESULTS

Interobserver Reliability

Interobserver reliability for the 2 evaluators was gener-
ally very high (rs 5 0.9991). The Spearman’s rank cor-
relation coefficients were also very high (rs 5 0.9995)
for specific ratings of sedation, movement, and crying.

Evaluation of Level of Sedation

Table 1 provides a summary of sedation level ratings at
each of the assessment time points. The Mann-Whitney
U test indicated a statistical difference in sedation level
at the time of local anesthetic administration by observer
B, z 5 21.976 (P , .048), and at the time of veni-
puncture by both observers, z 5 22.435 (P , .015).
Patients who were given intramuscular midazolam were
more deeply sedated at the time of local anesthetic ad-
ministration (observer B) and at the time of venipuncture
(both observers) than those receiving intranasal mida-
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Table 2. Summary of Degree of Movement†

Drug
Route

No. (%) of Participants

Violent
Movement (1)

Continuous
Movement (2)

Controllable
Movement (3)

No Movement
(4)

Mean
Rating

10 min after drug administration IM
IN

11 (92)
11 (100)

1 (8) 3.08
3.00

Parental separation IM
IN

10 (83)
11 (100)

2 (17) 3.17
3.00

Papoose board IM
IN 1 (9)

10 (83)
10 (91)

2 (17) 3.17
2.91

Nitrous oxide nasal hood IM
IN 2 (18)

10 (83)
7 (64)

2 (17)
2 (18)

3.17
3.00

Local anesthetic IM
IN 3 (27)

10 (83)
7 (64)

2 (17)
1 (9)

3.17
2.82

Initial venipuncture IM
IN 1 (9) 4 (36)

10 (83)
5 (45)

2 (17)
1 (9)

3.17*
2.55*

† IM indicates intramuscular; IN, intranasal. Percentage totals may not equal 100% because of rounding.
* Statistically significant for both observers (P , .05).

zolam. Eleven (92%) of the 12 patients who received
intramuscular midazolam were drowsy or asleep (de-
fined as the presence of eye closure and lack of visible
movement, although easily awakened with verbal or
physical stimulus) at 10 minutes after drug administra-
tion, parental separation, papoose board restraint, ni-
trous oxide nasal hood placement, and venipuncture at-
tempt. Interestingly, none of the patients from the in-
tranasal group were rated as being asleep, and more
participants were fully awake and alert compared with
those of the intramuscular group. Table 1 also indicates
that 9 (82%) of the 11 patients who received intranasal
midazolam were drowsy at the 10 minutes after drug
administration point and 2 (18%) were fully awake and
alert. However, the number of drowsy sedation partici-
pants decreased to 7 (64%) and the fully awake and alert
participants increased to 4 (36%) at parental separation,
papoose board restraint, and nitrous oxide nasal hood
placement periods. By the time of local anesthetic ad-
ministration and venipuncture attempt, the number of
intranasal midazolam recipients who remained drowsy
decreased to 6 (55%) and 5 (45%), respectively. The
number of fully awake intranasal midazolam recipients
also increased at these 2 assessment times to 5 (45%)
and 6 (54%) at local anesthetic administration and ve-
nipuncture, respectively.

Evaluation of Movement

Table 2 provides a summary of movement ratings at
each of the assessment time points. A statistically sig-
nificant difference was found between patients receiving
intramuscular versus intranasal midazolam for move-
ment at the time of venipuncture, z 5 22.181 (P ,
.029). Patients who received intramuscular injections

displayed less (intermittent or no) movement compared
with those receiving intranasal administration. All 12
patients from the intramuscular midazolam group dis-
played controllable to no movement. The 11 patients
who received intranasal midazolam displayed controlla-
ble movement at the 10 minutes after drug administra-
tion and parental separation periods. However, this
number decreased to 5 (45%) of 11 patients by the time
of venipuncture assessment, with more patients judged
to have continuous to violent movements at later as-
sessment periods.

Evaluation of Crying

Table 3 displays a summary of the incidence of crying at
each of the assessment time points. There was no statis-
tical difference for crying between children receiving in-
tramuscular versus intranasal midazolam. All 12 patients
who received intramuscular midazolam displayed inter-
mittent to no crying until local anesthetic administration
and venipuncture, when 2 (16.7%) of the 12 participants
cried continuously. A similar trend was seen with the 11
patients who received intranasal midazolam; however,
twice as many patients, 4 (36.5%) of 11, demonstrated
continuous and hysterical crying by the time of local an-
esthetic and venipuncture placements.

Global Evaluation

Table 4 summarizes the global evaluation assessments
of both observers. Observer A found the intramuscular
route to be significantly more effective than the intra-
nasal route, z 5 22.052 (P , .04). Observer B, how-
ever, did not find a statistically significant difference be-
tween the 2 groups, although z 5 21.911 (P # .056)
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Table 3. Summary of Degree of Crying*

Drug
Route

No. (%) of Participants

Hysterical
Crying (1)

Continuous
Crying (2)

Intermittent
Crying (3) No Crying (4)

Mean
Rating

10 min after drug administration IM
IN 2 (18)

12 (100)
9 (82)

4.00
3.80

Parental separation IM
IN 2 (18)

1 (8)
1 (9)

11 (92)
8 (72)

3.90
3.55

Papoose board IM
IN 3 (27)

2 (17)
1 (9)

10 (83)
7 (64)

3.80
3.40

Nitrous oxide nasal hood IM
IN 1 (9) 2 (18)

4 (33)
2 (18)

8 (67)
6 (54)

3.67
3.18

Local anesthetic IM
IN 1 (9)

2 (17)
5 (45)

3 (25)
2 (18)

7 (58)
3 (27)

3.42
2.63

Initial venipuncture IM
IN 1 (9)

2 (17)
4 (36)

3 (25)
3 (27)

7 (58)
3 (27)

3.42
2.73

* IM indicates intramuscular; IN, intranasal. Percentage totals may not equal 100% because of rounding.

Table 4. Summary of Global Rating of Overall Effectiveness†

Drug
Route

No. (%) of Participants

Aborted, No
Treatment (1)

Poor, Treatment
Interrupted,

Partial Treatment
Done (2)

Fair, Treatment
Interrupted (3)

Good, Difficult
But Done (4)

Very Good,
Limited Crying

and Movement (5)

Excellent, No
Crying or

Movement (6)
Mean
Rating

IM
IN 1 (9) 4 (36)

2 (17)
2 (18)

7 (58)
2 (18)

3 (25)
2 (18)

5.08*
3.91*

† IM indicates intramuscular; IN, intranasal. Percentage totals may not equal 100% because of rounding.
* Statistically significant for one observer (P , .05).

approached statistical significance. All 12 of the patients
from the intramuscular midazolam group were rated as
achieving good to excellent sedation compared with 6
(64%) of those from the intranasal group. No statistical
differences were found related to the patients’ sex, age,
or weight.

DISCUSSION

Unlike the previous study by de Santos et al,13 the pre-
sent study found a tendency for intramuscular midazo-
lam to be a more effective premedication than when
given via the intranasal route. This tendency was found
to generally become significant as the time following ad-
ministration and the amount of stimulation to the pa-
tient both increased. When assessing the level of seda-
tion, the difference between the 2 routes of administra-
tion reached significance for one examiner at the time
of local anesthetic administration and for both examin-
ers during venipuncture. Both examiners also noted sig-
nificantly more movement at the time of venipuncture
for patients receiving intranasal midazolam. The global
rating of one examiner also indicated that the intramus-
cular route produced significantly better premedication.

Deterioration of sedation over time and with in-
creased stimulation for patients receiving intranasal mid-
azolam may have been affected by the method of drug
administration and the amount of drug absorption. Un-
like intramuscular administration, where a rapid and
simple injection into the muscle tissue can be attained,
too rapid an administration via the intranasal route
could result in loss of the premedication into the oral
cavity or incidental extrusion back out the nasal passage.
The result is less drug absorption into the nasal mucosa
and, therefore, a lower blood level of the drug and a
decrease in sedation with time progression and in-
creased stimulation.

Nitrous oxide and oxygen inhalation sedation was
used in all study participants because of its routine use
during intravenous sedation by the dental anesthesiolo-
gist. A uniform concentration of 50% nitrous oxide and
50% oxygen was used for each patient to provide con-
stancy in concentration and consistency in treatment.
However, its effectiveness was most likely diminished in
more of the intranasal midazolam patients due to con-
tinuous and hysterical crying.

It was noted from review of the videotapes that tour-
niquet placement before local anesthetic administration
may have acted as a stimulus to the patient when left
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on for too long. This may have affected the behavioral
changes, particularly at the local anesthetic assessment
time. Because it was applied to patients in both groups,
this variable did not act to bias the results of the present
study. Tourniquet placement should be used as another
assessment point in future studies to determine whether
it acts as a significant stimulus.

The dental anesthesiologist noted that the intranasal
route of midazolam administration may be uncomfort-
able to the patients, because it could produce a burning
sensation when the liquid is administered. Furthermore,
the drug can have a noxious taste when administered
via the intranasal route and more can be lost through
the oronasal pathway, rendering less absorption into the
tissue. An atomizer is suggested for future use of intra-
nasal midazolam. However, based on a published ab-
stract by Dabir et al,16 intranasal midazolam adminis-
tered with a tuberculin syringe demonstrated a higher
overall sedation effectiveness percentage (75% vs 50%)
than when administered by an atomizer.

In both the previous study by de Santos et al13 and
the present study, 0.2 mg/kg of midazolam was admin-
istered to each patient via either the intramuscular or
intranasal route. In the previous study, the midazolam
was combined with 0.015 mg/kg of atropine. It is
doubtful that the addition of atropine would account for
the difference in results found between the 2 studies. It
is more likely that the small sample size would need to
be considered as a contributing factor. The results of the
present study must be interpreted in light of the small
number of participants enrolled. Because of time limi-
tations of the faculty and residents, additional patients
could not be included, and thus the study is considered
to be a pilot study. Further investigation with a greater
number of patients might yield more meaningful infor-
mation and/or confirm these pilot study results.

CONCLUSION

A trend that indicates that intramuscular midazolam could
be more effective as a premedication than the intranasal
route with time progression and increased stimulation
was noted in the present study. When used before intra-
venous conscious sedation, the intramuscular route al-
lowed for a better sedation level and less movement at
the time of venipuncture than the intranasal route.
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