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IMPORTANCE Intranasal (IN) midazolam is commonly used for procedural sedation
in children, but the optimal dose is unclear. Insufficient dosing may result in inadequate
sedation, leading to short- and long-term consequences associated with poorly managed
procedural pain and distress, whereas doses that are too high may be associated with more
adverse events.

OBJECTIVE To determine the optimal dose of IN midazolam for procedural sedation
in children undergoing laceration repair.

DESIGN, SETTING, AND PARTICIPANTS This prospective, double-blind, adaptive selection
randomized clinical trial used the Levin-Robbins-Leu sequential selection procedure and was
conducted between September 2021 and May 2024 at a tertiary care pediatric emergency
department. Participants were children aged 6 months to 7 years with a simple laceration
who required IN midazolam to facilitate the repair. The sequential selection procedure
eliminated doses when they failed to achieve a prespecified rate of adequate sedation state
compared with the best-performing dose. If more than 1 dose survived elimination,
secondary outcomes of remaining doses were compared. Data were analyzed from June
to August 2024.

INTERVENTIONS Doses of 0.2, 0.3, 0.4 or 0.5 mg/kg of IN midazolam.

MAIN OUTCOMES AND MEASURES The primary outcome was adequate sedation state, defined
as Pediatric Sedation State Scale (PSSS) score of 2, 3, or 4 (of 5) for at least 95% of the
procedure; no PSSS score of 0 or 1; procedure start within 17 minutes of IN midazolam
administration; and procedure completion. Secondary outcomes included ideal sedation
state (PSSS score of 2 or 3 for 100% of the procedure), time to onset of minimal sedation,
adverse events, time to recovery, and clinician and caregiver satisfaction.

RESULTS Following the sequential selection procedure, a total of 101 children (38 [37.6%]
female; median [IQR] age, 3 [2-4] years) were enrolled. The 0.2 and 0.3 mg/kg doses were
eliminated, with 19 children receiving 0.2 mg/kg and 24 children receiving 0.3 mg/kg. The
0.4- and 0.5-mg/kg doses remained at enrollment completion, with 29 children receiving
0.4 mg/kg and 29 children receiving 0.5 mg/kg. There were no differences in secondary
outcomes between the 2 remaining doses and no serious adverse events with any dose.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, the optimal doses of IN
midazolam for procedural sedation in children undergoing laceration repair were 0.4 and
0.5 mg/kg. This finding can inform clinical practice and future studies of IN midazolam for
procedural sedation.
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I ntranasal (IN) midazolam is commonly used in children for
procedural sedation in the emergency department (ED).1-7

Midazolam is an effective sedative and anxiolytic, and the
IN route uses the nose-brain pathway and highly vascular-
ized respiratory epithelium of the nasal cavity to facilitate rapid
uptake of medications directly into the central nervous sys-
tem and systemic circulation.8,9 IN administration results in
better bioavailability and more reliable effects than the oral
route by bypassing first-pass metabolism and can achieve
plasma concentrations comparable to intravenous (IV) admin-
istration, leading to the timely onset of clinical effects (eg,
onset of minimal sedation within 5 minutes).1,8-10 In addi-
tion, IN administration obviates the painful needle stick nec-
essary for IV and intramuscular (IM) administration, allow-
ing children to avoid what they have identified to be among
their most feared medical experiences.11-16

Despite its reported use in children for more than 20 years,
the optimal dose of IN midazolam remains unclear. Doses com-
monly described in literature reviews, research studies, and
clinical guidelines range from 0.2 to 0.5 mg/kg.1,2,5,7,8,17-32 There
is a paucity of data comparing different doses of IN midazolam
in children undergoing procedural sedation to identify the op-
timal dose for achieving clinically important outcomes, such as
adequacy of sedation state, adverse events, time to onset of
minimal sedation, and time to recovery. It is necessary to iden-
tify the optimal dose of IN midazolam because children who
receive an insufficient dose may experience inadequate seda-
tion and the short- and long-term consequences associated with
poorly managed procedural pain and distress.33-42 Similarly, chil-
dren who receive too high a dose may experience an increased
rate of adverse events or suboptimal outcomes, such as pro-
longed time to recovery.

The primary aim of this study was to determine the opti-
mal dose of IN midazolam for procedural sedation in children
undergoing laceration repair by comparing doses of 0.2, 0.3,
0.4, and 0.5 mg/kg using an adaptive selection trial to assess
efficacy and safety. We hypothesized that 0.5 mg/kg is the op-
timal dose to achieve an adequate sedation state. Achieving
this aim will optimize sedation-related outcomes associated
with IN midazolam, facilitate standardization of its use for
procedural sedation, and generate the evidence needed for
rigorous and valid trials of IN midazolam in children.

Methods
This randomized clinical trial was approved by the Columbia
University institutional review board. Written informed con-
sent was obtained from each participant’s legal guardian.
The trial protocol and statistical analysis plan are provided in
Supplement 1. This study is reported following the Consoli-
dated Standards of Reporting Trials (CONSORT) reporting
guideline for randomized clinical trials.43

Study Design and Participants
We conducted a prospective double-blind, adaptive selec-
tion, randomized clinical trial comparing 0.2-, 0.3-, 0.4-, and
0.5-mg/kg doses of IN midazolam. Between September 2021

and May 2024, we enrolled children presenting to a tertiary
care children’s hospital ED aged 6 months to 7 years with a
simple laceration (defined as length <5 cm and not requiring
wound revision) and whose attending physician determined
that IN midazolam was indicated to facilitate the repair.
Exclusion criteria included developmental delay, underlying
neurologic anomaly, or autism spectrum disorder; illness
associated with chronic pain (eg, sickle cell disease); known
allergy to any benzodiazepine; eyelid, tongue, or intraoral
lacerations; nasal obstruction that could not be easily cleared;
not English- or Spanish-speaking; or being a foster child or ward
of the state. Race and ethnicity were collected directly from
caregivers using federally defined categories and used to
describe the population enrolled.

Randomization, Allocation Concealment, and Blinding
Patients were randomized using a web-based data system that
used a real-time assignment algorithm to facilitate the adap-
tive selection trial and conceal allocation. The clinician
performing the laceration repair, patient, caregivers, and
outcome assessors were blinded to the assigned dose.

Study Procedures
We initially randomized patients in blocks of 4 to receive 0.2,
0.3, 0.4, or 0.5 mg/kg of IN midazolam. A 5 mg/mL concen-
tration of midazolam was used (maximum dose, 10 mg). We
used a mucosal atomization device (Wolfe-Tory Medical) for
all IN administrations. The use of local anesthetic (eg, lidocaine-
epinephrine-tetracaine gel, lidocaine injection) was docu-
mented. Children received at least 1 form of integrative inter-
vention during the laceration repair (eg, child life specialist,
digital device for distraction).

Patients were monitored using continuous pulse oxim-
etry and videotaped beginning from prior to IN midazolam
administration until ED discharge. The decisions of when to
begin the procedure and whether to abort a procedure were
at the discretion of the clinician performing the laceration
repair. After laceration repair completion, clinicians and care-
givers were assessed for their satisfaction with the sedation.
Videos were scored by 1 of 3 blinded outcome assessors as soon
as possible so that the results of the enrollment (ie, whether
the dose achieved an adequate sedation state) could be incor-
porated into the dose-selection algorithm prior to the comple-
tion of each randomization block.

Key Points
Question What is the optimal dose of intranasal midazolam for
procedural sedation in children?

Findings This randomized clinical trial used an adaptive selection
design to compare intranasal midazolam doses of 0.2, 0.3, 0.4 and
0.5 mg/kg in 101 children undergoing laceration repair. The 2 lower
doses were eliminated due to lower rates of achieving adequate
sedation state and there were no differences in secondary
outcomes between the 0.4- and 0.5-mg/kg doses.

Meaning This randomized clinical trial found that the 0.4- and
0.5-mg/kg doses of intranasal midazolam were superior for
procedural sedation in children undergoing laceration repair.
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Outcome Measures
The primary outcome was adequate sedation state, defined as
a Pediatric Sedation State Scale (PSSS) score of 2, 3, or 4 (on a
scale from 0 to 5) for at least 95% of the scored procedure; no
PSSS score of 0 or 1; procedure start within 17 minutes of IN
midazolam administration; and procedure completion. The
PSSS is a 6-point scale that measures the effectiveness and
quality of procedural sedation in children and has strong
criterion validity, construct validity, interrater reliability, and
intrarater reliability (Table 1).44 PSSS scores represent a con-
tinuum of sedation that spans from oversedation associated
with changes in vital signs (0) or requiring airway interven-
tion and/or assistance (1) to inadequate sedation requiring
forceful immobilization (5) and facilitates an assessment of both
benefit (ie, adequate sedation) and harm (ie, inadequate
sedation, adverse events).

The period defined as the scored procedure encom-
passed the time from IN midazolam administration until 17
minutes after administration or until procedure completion,
whichever occurred first. The 17-minute threshold was cho-
sen to remove bias related to differences in laceration repair
duration. Serum levels of IN midazolam remain at least 90%
of peak levels until 17 minutes after administration.26 Proce-
dures with longer durations would be susceptible to greater
periods of time with waning serum levels and clinical effect,
thereby creating more opportunities for inadequate sedation
state. Standardizing the duration of procedure evaluated for
our primary outcome allowed us to compare the doses dur-
ing their expected periods of peak effectiveness without the
bias introduced by varying procedure durations. The inabil-
ity to start the procedure by 17 minutes was also chosen as a
criterion for adequate sedation state based on the assump-
tion that if a procedure could not be started when a dose’s
effect was at its peak, then the dose was inadequate for start-
ing the procedure in a timely fashion.

Secondary outcomes assessed included ideal sedation
state, time to onset of minimal sedation, deepest level of
sedation, time to recovery, clinician satisfaction, caregiver sat-
isfaction, and adverse events. We defined ideal sedation state
in the same way as adequate sedation state except the PSSS
score had to be a 2 or 3 for 100% of the scored procedure. Mini-
mal and deepest level of sedation were defined using the
University of Michigan Sedation Scale.45 Time to recovery was
measured from time to procedure completion until time that
recovery criteria were fulfilled. We assessed recovery using
the Simplified Aldrete Score, which was adapted from the
Modified Aldrete Scale to facilitate feasibility of use in the ED
setting and scored from 0 to 8 (eTable 1 in Supplement 2).46

Recovery was defined as a score of at least 6 and a minimum
score of 2 in the respiration and oxygen saturation categories.
If the patient fulfilled recovery criteria before or at time of
procedure completion, the time to recovery was zero. We as-
sessed clinician and caregiver satisfaction by asking the fol-
lowing questions using a 5-item Likert scale: “I was satisfied
with the sedation achieved using this dose” and “I was satis-
fied with how well the medicine worked in helping my child
stay calm for the procedure,” respectively. Adverse events were
defined per the Quebec Guidelines, which report sedation

events that result in an intervention or a change in disposi-
tion from the ED.47

Statistical Analysis
For the primary outcome, we used the Levin-Robbins-Leu
sequential selection procedure to select the dose most likely
to be superior to the others for achieving an adequate seda-
tion state.48,49 For this 4-group adaptive selection trial, pa-
tients were initially randomized in blocks of 4 to 1 of the 4
doses. Patients who met the definition of adequate sedation
state were tallied as success; those who did not were tallied
as failure. After completion of each block, the outcome of each
sedation was determined and added to the success tally (ie,
number of successes) for each dose. Enrollment continued
until the success tally for the dose with the largest number of
successes exceeded the success tally of the dose with the small-
est number of successes by 4, at which time the latter dose
would be eliminated (ie, no further patients would be random-
ized to that dose). The prespecified difference of 4 was
chosen to guarantee a probability of at least 80% correct se-
lection of an optimal dose that is superior to the other doses
by a prespecified amount, ie, an odds ratio of 2.25 or greater
comparing the odds of success between the 2 best doses.

When a dose was eliminated, patients were randomized
in block sizes corresponding to the remaining number of doses
(eg, after the first dose was eliminated, patients were random-
ized to blocks of 3 to receive 1 of the 3 remaining doses). This
procedure would continue until 3 doses were eliminated or the
truncation threshold of 100 patients was reached. The trun-
cation threshold was selected to allow the highest probability
of identifying the optimal dose based on the primary out-
come while balancing feasibility. The truncation threshold was
also chosen to allow enrollment of a sufficient number of pa-
tients (ie, 100 patients) to compare doses not eliminated and
detect statistical and clinically meaningful differences in pro-
portion of patients who achieved an ideal sedation state (ie,
20%), time to onset of minimal sedation (ie, 1.77 minutes), and

Table 1. Pediatric Sedation State Scale

State Behavior
5 Patient is moving (purposefully or non-purposefully) in a manner that

impedes the proceduralist and requires forceful immobilization. This
includes crying or shouting during the procedure, but vocalization is
not required. Score is based on movement.

4 Moving during the procedure (awake or sedated) that requires gentle
immobilization for positioning. May verbalize some discomfort or
stress, but there is no crying or shouting that expresses stress or
objection.

3 Expression of pain or anxiety on face (may verbalize discomfort), but
not moving or impeding completion of the procedure. May require help
positioning (as with a lumbar puncture) but does not require restraint
to stop movement during the procedure.

2 Quiet (asleep or awake), not moving during procedure, and no frown
(or brow furrow) indicating pain or anxiety. No verbalization of any
complaint.

1 Deeply asleep with normal vital signs, but requiring airway
intervention and/or assistance (eg, central or obstructive apnea, etc.)

0 Sedation associated with abnormal physiologic parameters that require
acute intervention (ie, oxygen saturation <90%, blood pressure is 30%
lower than baseline, bradycardia receiving therapy).

Reproduced with permission from Journal Pediatrics, Vol. 239, page
e20162897. © 2017 by the AAP.
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time to recovery (ie, 15 minutes) with 0.80 power.1 If more than
1 dose remained when the truncation threshold was met, the
remaining doses would be compared using secondary out-
comes to identify the optimal dose based on a hierarchy that
was determined a priori by a consensus group of 9 individu-
als representing pediatric emergency medicine, acute care
pediatrics, and child life. The hierarchy of secondary out-
comes (in descending order) was ideal sedation state, time
to onset of minimal sedation, minor adverse events, clinician
satisfaction, time to recovery, and caregiver satisfaction. If there
was no difference in the first secondary outcome (ie, ideal
sedation state), then the next secondary outcome would be
compared, and so forth. If 1 dose was superior based on a sec-
ondary outcome, the subsequent secondary outcome would
not be compared and the superior dose would be considered
optimal. Additional information about this study design is
provided in the eAppendix in Supplement 2.

For the secondary outcomes, categorical outcomes were
compared using the χ2 test. Satisfaction was analyzed by group-
ing strongly agree and agree responses together as satisfied.
Time to onset of minimal sedation and recovery were ana-
lyzed using the Wilcoxon rank-sum test. We analyzed me-
dian (instead of mean) time so that patients who did not have
a time to onset of minimal sedation or recovery documented
could still be included in the analysis. These patients were as-
signed a maximal score (ie, 999 minutes) in place of a time to
onset of minimal sedation or recovery. A finding was statisti-
cally significant at 2-sided P ≤ .05. Statistical analyses were con-
ducted using SPSS version 29 (IBM) from June to August 2024.

Results
Characteristics of Study Participants
We enrolled and randomized 101 children (38 [37.6%] female;
median [IQR] age, 3 [2-4] years), with 19 children receiving
0.2 mg/kg, 24 children receiving 0.3 mg/kg, 29 children re-
ceiving 0.4 mg/kg, and 29 children receiving 0.5 mg/kg IN mid-
azolam (Figure). Patient characteristics are presented in Table 2,
and procedure characteristics are shown in Table 3. Patient

characteristics were similar across all 4 groups, with median
age ranging from 2 to 4 years old. Procedure characteristics
were also similar, with most lacerations occurring on the
face and having a median (IQR) length of 1.5 (1.0-2.0) cm. Most
laceration repairs were performed by an attending physician,
and more than 90% of children received lidocaine-epinephrine-
tetracaine. Any patient who did not receive lidocaine-
epinephrine-tetracaine received injected lidocaine for local
anesthesia.

Main Results
The number of patients who received each dose is shown in
the Figure. Following the sequential selection procedure, the
0.2- and 0.3-mg/kg doses were eliminated after enrolling 19
blocks of 4 and an additional 6 blocks of 3, respectively (eFig-
ure 1 and eFigure 2 in Supplement 2). The 0.4- and 0.5-mg/kg
doses remained when enrollment was completed; 101
patients were enrolled to allow the final randomization block
(of 2 patients) to be completed after reaching the truncation
threshold of 100 patients. Table 4 shows the secondary out-
comes used to determine an optimal dose from the 2 remain-
ing doses; no differences were observed. As a result, both 0.4
and 0.5 mg/kg of IN midazolam were considered superior to
the lower doses. There were no serious adverse events. There
was 1 paradoxical reaction in a child who received 0.4 mg/kg
of IN midazolam. eTable 2 in Supplement 2 displays the clini-
cal outcomes associated with all 4 doses. The deepest level of
sedation associated with all 4 doses was a University of
Michigan Sedation Scale score of 1 (ie, minimally sedated).
The patient and procedure characteristics of children who
received 0.4 or 0.5 mg/kg of IN midazolam based on sedation
state adequacy are shown in eTable 3 and eTable 4 in Supple-
ment 2.

Discussion
In this randomized clinical trial, we used an adaptive selec-
tion design to identify 0.4 and 0.5 mg/kg as the optimal doses
of IN midazolam for children undergoing procedural sedation

Figure. Participant Enrollment Flowchart

712 Assessed for eligibility

611 Excluded
491 Not eligible
81 Declined
39 Other

101 Randomized

19 Analyzed 24 Analyzed 29 Analyzed

19 Randomized to IN midazolam
dose of 0.2 mg/kg

24 Randomized to IN midazolam
dose of 0.3 mg/kg

29 Randomized to IN midazolam
dose of 0.4 mg/kg

29 Randomized to IN midazolam
dose of 0.5 mg/kg

29 Analyzed

IN indicates intranasal.
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for laceration repairs. Although these doses are commonly used
clinically and in research, lower doses (ie, 0.2 and 0.3 mg/kg)
are also used and included in guidelines.5,7,17-23,25 Our find-
ings support the use of 0.4 or 0.5 mg/kg of IN midazolam to
optimize the chance of achieving adequate sedation state in
children undergoing laceration repair. These higher doses were
not observed to be different from the lower doses with regard

to time to recovery or adverse events. Our study did not pro-
vide data supporting the preferential use of 0.4 or 0.5 mg/kg,
as neither dose was eliminated as part of the sequential selec-
tion procedure (indicating that neither dose was considered
superior to the other in achieving adequate sedation state), and
there were no differences between the 2 doses in the second-
ary outcomes evaluated.

Table 2. Patient Characteristics

Characteristic

Patients by intranasal midazolam dose, No. (%)
0.2 mg/kg
(n = 19)

0.3 mg/kg
(n = 24)

0.4 mg/kg
(n = 29)

0.5 mg/kg
(n = 29)

Age, median (IQR), y 2 (1-3) 3 (2-3.8) 4 (2.5-5) 3 (2.5-5)

Sex

Female 6 (32) 11 (46) 10 (35) 11 (38)

Male 13 (68) 13 (54) 19 (65) 18 (62)

Weight, median (IQR), kg 14.6 (12.7-18.1) 16.5 (13.7-18.8) 17.2 (15.1-20.9) 17 (14.1-20.1)

Primary language

English 12 (63) 16 (67) 18 (62) 22 (76)

Spanish 7 (37) 8 (33) 11 (38) 7 (24)

Race and ethnicity

Asian 1 (5) 0 0 1 (3)

Black 2 (11) 0 2 (7) 4 (14)

Hispanic 13 (68) 17 (71) 24 (83) 21 (72)

White 2 (11) 7 (29) 1 (3) 3 (10)

>1 Race 1 (5) 0 2 (7) 0

History of painful
or distressing procedure

Laceration 1 (5) 1 (4)a 2 (7) 0

Immunization 9 (47) 12 (50) 11 (38) 16 (57)b

Other medical procedure 4 (21) 5 (21) 4 (14) 5 (18)b

History of receiving a sedative 1 (5) 3 (12) 4 (14) 3 (11)b

a Number of participants
evaluated = 23.

b Number of participants
evaluated = 28.

Table 3. Procedure Characteristics

Characteristic

Procedures by intranasal midazolam dose, No. (%)
0.2 mg/kg
(n = 19)

0.3 mg/kg
(n = 24)

0.4 mg/kg
(n = 29)

0.5 mg/kg
(n = 29)

Laceration location

Face 17 (89) 21 (88) 28 (97) 26 (90)

Upper extremity 0 2 (8) 1 (3) 1 (3)

Lower extremity 1 (5) 0 0 2 (7)

Othera 1 (5) 1 (4) 0 0

Laceration length, median (IQR), cm 1.5 (1-2) 1.5 (1-2) 1.5 (1-2) 1.5 (1-2.3)

Laceration depth

Epidermis 4 (21) 10 (42) 4 (14) 9 (31)

Dermis 7 (37) 10 (42) 15 (52) 11 (38)

Subcutaneous fat 7 (37) 2 (8) 6 (21) 5 (17)

Muscle 1 (5) 1 (4) 4 (14) 4 (14)

Bone 0 1 (4) 0 0

Proceduralist

Attending physician 4 (21) 16 (67) 18 (62) 15 (52)

Fellow or resident 3 (16) 2 (8) 4 (14) 3 (10)

Nurse practitioner
or physician assistant

4 (21) 3 (12) 3 (10) 5 (17)

Subspecialist 8 (42) 3 (12) 4 (14) 6 (21)

LET administered 19 (100) 24 (100) 28 (97) 27 (93)

Lidocaine injected 4 (21) 5 (21) 8 (28) 7 (24)

Abbreviation: LET, lidocaine-
epinephrine-tetracaine.
a Included ear and lower back.
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Our findings regarding the comparative sedative efficacy
of different doses of IN midazolam are similar to those de-
scribed in prior studies. A retrospective study of 408 children
who received IN midazolam for laceration repair in an ED
showed a difference based on dose in the proportion of chil-
dren who experienced satisfactory sedation (defined as being
cooperative, sleepy, or with good to excellent sedation and not
requiring restraint).29 Of patients who received 0.20 to 0.29,
0.30 to 0.39, or 0.40 to 0.50 mg/kg of IN midazolam in the ret-
rospective study by Yealy et al,29 27%, 80%, and 100% achieved
satisfactory sedation, respectively. Similarly, a prospective ran-
domized clinical trial comparing 0.3 mg/kg to 0.5 mg/kg of IN
midazolam in children undergoing dental extractions showed
that children who received the higher dose demonstrated less
uncooperative behavior and anxiety.24

Concerns with using higher doses of IN midazolam (ie,
0.4 or 0.5 mg/kg) include the potential for increased rate of
adverse events and prolonged recovery time. We did not
observe any differences in either of these outcomes among
the 4 doses studied, but our sample size may not have been
large enough to identify a difference in adverse events, given
their infrequency in children who receive IN midazolam.
Prior studies describing the use of 0.4 and 0.5 mg/kg
reported no serious adverse events involving clinically sig-
nificant changes in vital signs or requiring airway or breath-
ing interventions (eg, airway repositioning, supplemental
oxygen, bag-valve-mask ventilation).1,2,24,26-30 In a cumula-
tive sample of 645 children aggregated from these studies,
adverse events observed in the ED included 5 episodes of
vomiting (0.78%) and 1 paradoxical reaction (0.15%); of
these events, 2 episodes of vomiting and the paradoxical
reaction occurred in patients who received 0.4 mg/kg. A
comparison of recovery times associated with different
doses of IN midazolam was described in 2 studies, neither of
which showed a difference between 0.4 or 0.5 mg/kg com-
pared with lower doses.24,29

Adequate sedation state was achieved in 65% to 70% of
children who received 0.4 or 0.5 mg/kg of IN midazolam. This
degree of success may seem less desirable when compared with
IV or IM sedatives (eg, ketamine, propofol), which are typi-
cally associated with higher rates of adequate sedation.50,51

However, the benefits and risks of IN midazolam need to be

compared with these more potent sedatives. For example,
higher rates of adequate sedation state are typically due to
deeper levels of sedation, which are associated with higher
rates of adverse events, prolonged recovery time, and addi-
tional resources for performing the sedation, monitoring, and
recovery. In addition, the IN route of administration is needle-
sparing and obviates the need for the child to receive an IM
injection or undergo IV line insertion. The observed rate of ad-
equate sedation state in our study may prompt consideration
of more potent sedatives instead of IN midazolam when per-
forming more sensitive or noxious procedures (eg, eyelid or
tongue laceration repairs). In addition, this finding should
prompt future investigation of ways to improve the rate of
achieving adequate sedation state when using IN mid-
azolam. For example, higher doses (eg, 0.6 mg/kg) and higher
maximum total doses (eg, >10 mg) have been described but
not studied, the latter of which may benefit heavier patients
who may receive lower milligram per kilogram doses.5,7,28,29

Future studies could identify patient characteristics (eg, tem-
perament) that predict a child’s response to IN midazolam to
aid in choosing the most appropriate medication for a child re-
quiring sedation. The effect of different procedural adjuncts
or strategies (eg, integrative therapies, mitigating environ-
mental stimuli) when used in conjunction with IN mid-
azolam to achieve an adequate or ideal sedation state should
also be evaluated.

Limitations
This study has limitations. We did not enroll children with
developmental delay or autism spectrum disorder. It is
unclear whether our findings are generalizable to these popu-
lations; future studies should address these populations.
Similarly, we did not enroll children younger than 6 months.
Neonates and young infants have reduced clearance and less
mature respiratory-reflex responses to hypercapnia and
hypoxemia compared with those 6 months and older, so it is
unclear whether the doses we identified as optimal would
perform similarly with regards to efficacy and safety in a
newborn population. Our study only evaluated children
undergoing laceration repairs, so it is unclear whether our
findings are generalizable to more noxious procedures (eg,
abscess incision and drainage).

Table 4. Secondary Outcomes Associated With 0.4 and 0.5 mg/kg of Intranasal Midazolam
for Terminal Decision Rule of Sequential Selection Procedure

Outcome

Intranasal midazolam dose

Difference (95% CI)0.4 mg/kg (n = 29) 0.5 mg/kg (n = 29)
Ideal sedation state, No. (%) [95% CI] 15 (52) [33 to 71] 13 (44) [27 to 64] 8 (−18 to 34)

Onset of minimal sedation, median (IQR), min 3.9 (3.1 to 4.4) 3.9 (3.3 to 5) 0.2 (−0.4 to 0.9)a

Adverse events, No. (%) [95% CI] 2 (7) [1 to 23] 0 7 (−2 to 16)

Vomiting 1 (3) [0 to 18] 0 3 (−3 to 9)

Paradoxical reaction 1 (3) [0 to 18] 0 3 (−3 to 9)

Clinician satisfied with sedation, No. (%) [95% CI] 24 (83) [64 to 94] 21 (72) [53 to 87] 11 (−10 to 32)

Time to recovery, median (IQR), min 0 0 0a

Caregiver satisfied with sedation, No. (%) [95% CI] 27 (96) [82 to 100]b 25 (86) [68 to 96] 10 (−5 to 25)
a Independent samples Hodges-Lehman median difference.
b Number of participants evaluated = 28.
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Conclusions

T h i s r a n d o m i z e d c l i n i c a l t r i a l u s i ng a n a d a p t ive
selection design found that the optimal doses of IN

midazolam for procedural sedation in children under-
going laceration repairs were 0.4 and 0.5 mg/kg. This
finding can inform both clinical practice and future
studies of IN midazolam for pediatr ic procedural
sedation.
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