PEDIATRICS/ORIGINAL CONTRIBUTION

A Randomized Clinical Trial of ContinuousFlow Nitrous Oxide and Midazolam for Sedation
of Young Children During Laceration Repair

From the Division of Emergency
Medicine,* the Department of
Psychology,‡ and the Division of
Biostatistics,§ Washington University
School of Medicine, and St. Louis
Children’s Hospital,II St. Louis, MO.
Received for publication
July 26, 1999. Revisions received
March 27, 2000, July 27, 2000, and
August 22, 2000. Accepted for
publication September 29, 2000.
Presented at the Pediatric Academic
Societies’ annual meeting, New
Orleans, LA, May 1998, and at the
Society for Academic Emergency
Medicine annual meeting, Chicago, IL,
May 1998.
Address for reprints: Jan D.
Luhmann, MD, St. Louis Children’s
Hospital, One Children’s Place, Room
4S50, St. Louis, MO 63110;
314-454-2341, fax 314-454-4345;
E-mail luhmann_j@kids.wustl.edu.
Copyright © 2001 by the American
College of Emergency Physicians.
0196-0644/2001/$35.00 + 0
47/1/112003
doi:10.1067/mem.2001.112003

Jan D. Luhmann, MD*II
Robert M. Kennedy, MD*II
Fran Lang Porter, PhD‡II
J. Philip Miller, AB§
David M. Jaffe, MD*II

See editorial, p. 61.
Study objective: To compare the efficacy and complication
profile of oral midazolam therapy and continuous-flow 50%
nitrous oxide in alleviating anxiety during laceration repair in
children 2 to 6 years old.
Methods: We conducted a prospective, randomized clinical
trial using 4 study groups who required laceration repair: (1)
children who received standard care alone, which included comforting and topical anesthesia augmented with injected lidocaine if needed; (2) children who received standard care and
oral midazolam; (3) children who received standard care and
nitrous oxide; and (4) children who received standard care, oral
midazolam, and nitrous oxide. Videotapes were blindly scored
using the Observational Scale of Behavioral Distress-Revised
(OSBD-R) to assess distress during baseline, wound cleaning,
lidocaine injecting, suturing, and recovery. Adverse effects were
noted during suturing and by parent questionnaires completed 24
hours after suturing and at suture removal. OSBD-R data were
analyzed using repeated-measures analysis of variance. Adverse
effect data were analyzed using categorical models.
Results: Two hundred four subjects were enrolled (midazolam
plus nitrous oxide 52, midazolam 51, nitrous oxide 51, standard
care 50; mean patient age was 4.1 years; 66% were boys). Mean
OSBD-R scores were lower for groups that received nitrous oxide
during wound cleaning by 2.2 points (95% confidence interval
[CI] 1.1 to 3.2), lidocaine injecting by 2.5 points (95% CI 1.4 to
3.5), and suturing by 2.9 (95% CI 1.8 to 3.9). Adverse effects
occurred more frequently, and recovery times were longer for
groups that received midazolam.
Conclusion: For facial suturing in 2- to 6-year-old children,
regimens including continuous-flow nitrous oxide were more
effective in reducing distress, and had fewer adverse effects
and shorter recovery times than midazolam.
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[Luhmann JD, Kennedy RM, Porter FL, Miller JP, Jaffe DM. A
randomized clinical trial of continuous-flow nitrous oxide and
midazolam for sedation of young children during laceration
repair. Ann Emerg Med. January 2001;37:20-27.]
INTRODUCTION

Lacerations requiring sutures contribute to as many as
half of emergency department visits by injured children.1
Even with the availability of tissue adhesives, many still
require suturing. Successful management in the ED requires effective relief of pain and anxiety as these visits are
often stressful for the patient, parent, and health care
worker. Advances in analgesic regimens such as the use of
topical and buffered injected anesthetics can make suturing almost painless.2-4 However, anxiety during both
wound preparation and suturing continues to be a significant problem, especially among young children and their
parents.
Many agents for pharmacologic sedation during suturing in children have been studied.5-12 Desirable characteristics include nonpainful routes of administration,
predictable and titratable effects, lack of significant adverse effects, and rapid onset and recovery. Oral midazolam and inhaled nitrous oxide (N2O) are 2 agents that
meet most of these criteria and have commonly been used
for outpatient procedures.5-8,13-17 The purpose of this
study was to compare the efficacy and complication profile of midazolam and continuous-flow N2O in alleviating
anxiety during laceration repair in young children. Our
primary study hypotheses were (1) N2O would produce
more effective sedation than midazolam or standard care
during wound preparation and suturing, and (2) differences in adverse effects between groups related to the
known mechanisms of action would occur. In addition,
our secondary hypotheses were (1) patients receiving
N2O would recover more rapidly from sedation than
patients receiving midazolam, and (2) suturers would be
more satisfied with N2O sedations compared with midazolam or standard care.
M AT E R I A L S A N D M E T H O D S

To compare the efficacy and complication profile of midazolam and continuous-flow N2O, the following 4 treatment groups were defined: standard care alone, which
includes comforting and topical anesthesia augmented
with injected lidocaine if needed; standard care and oral
midazolam; standard care and N2O; and standard care
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and oral midazolam plus nitrous oxide. Children ages 2
through 6 years who presented to the ED at St. Louis
Children’s Hospital for repair of facial lacerations and met
the American Society of Anesthesiologists (ASA) class I or
II criteria18 were invited to participate in the study between July 1, 1996, and September 1, 1997. Exclusion
criteria were previous laceration repair; solid or liquid
oral intake within 2 hours of evaluation19; abnormalities
of airway, cardiac, hepatic, renal, or central nervous systems; bowel obstruction; otitis media; history of adverse
reaction to the study drugs; or lacerations that would
inhibit use of the mask for N2O delivery (eg, nasal lacerations). Demographic data were recorded for patients who
were eligible but not enrolled. Informed written consent
was obtained from parents by the emergency physician
before randomization. Research protocol, study design,
and consent forms were approved by the institutional
review board at Washington University School of Medicine.
Subjects were randomly assigned in blocks of 20 to
receive standard care; standard care and oral midazolam;
standard care and N2O; or standard care, oral midazolam,
and N2O. Randomization sequences were predetermined
by a random number generator and maintained in sealed
envelopes until consent was obtained. For subject safety
and because study medication delivery is easily distinguishable, physicians performing sedation were not
blinded to the study regimens. Suturing and recovery
were performed in an ED treatment room equipped for
monitoring, resuscitation, and audiovisual recording.
Before and throughout sedation, levels of consciousness (A=alert, V=responsive to voice, P=responsive to
pain, U=unresponsive),20 heart rate, respiratory rate,
blood pressure, and oxygen saturation were monitored
continuously in all patients, and end-tidal N2O levels
were monitored continuously in the patients who received N2O and both oral midazolam and N2O using a
Spacelabs model PC-2 monitor (Spacelabs Medical,
Redmond, WA) and documented by the nurse at 5minute intervals. After suturing, when cardiopulmonary
functions were determined to be stable and adequate,
documentation intervals were increased to 10 minutes
until discharge. Also documented were subject age,
weight, sex, race; location of laceration; ASA classification; allergies; time of last oral intake and presedation
medications; study medication doses and administration
times; and descriptions and times of adverse effects and
interventions. Criteria for discharge were normal cardiopulmonary function, return to presedation level of
responsiveness, and ability to talk, sit unaided, or walk
with minimal assistance.20 Recovery time was defined as
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the time of placement of the last suture to the time of discharge.
All study medications were administered by 14 attending or fellow emergency physicians familiar with the
medications and protocol. Sedators directly observed
subjects throughout the procedure and until adequate
cardiopulmonary functions were verified during recovery. Registered nurses remained with subjects throughout
the procedure and recovery periods.
All patients received standard care, which included a
topical anesthetic combination of lidocaine, epinephrine,
tetracaine (LET),2 supplemented after 20 minutes by injected buffered lidocaine3,4 using a 30-gauge needle if
needed as determined by the suturing physician. Parents
or emergency staff provided age-appropriate comforting
techniques, such as watching videotapes or reading books.
Patients who received oral midazolam were given 0.5
mg/kg (maximum dose of 20 mg based on current practice in our institution) 20 minutes before suturing.21,22
Patients who received N2O were given a mixture of 50%
N2O/50% O2 through a nasal mask just before wound
preparation.
A customized continuous-circuit apparatus allowed
continuous delivery of N2O by emergency physicians,
who were not involved with suturing.23 This apparatus
delivers a continuous flow of N2O and is equipped with a
valve that prohibits administration of N2O flow unless
oxygen delivery is at least 30% and has a scavenging system to minimize escaped gas exposure in health care personnel. An appropriately sized clear, disposable, cushioned nose mask scented with bubble gum, elbow
connector with a gas sampling line, and a disposable
Humidivent HME (heat moisture exchanger) filter
(Airflow Developments Ltd, Buckinghamshire, England)
to conserve exhaled heat and humidity and serve as a bacterial/viral filter24 were connected to the respiratory circuit. A sidestream gas analyzer and Spacelabs Medical
capnograph (model 90513) were used to measure O2 and
N2O levels. The gas flow meter was set from 6 to 10 L/min
and after achieving mask acceptance, the blender was
dialed to 50% N2O. The circuit and tanks were checked
for proper functioning before each use. Routine room air
sampling by the Environmental Safety department confirmed levels to be within standards established by the
Occupational Safety and Health Administration.25
The primary outcome measure for efficacy was the Observational Scale of Behavioral Distress-Revised (OSBDR),26,27 which was scored from videotapes made during
laceration repair. After informed consent was obtained,
videotaping of subjects began and continued until dis-
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charge. The OSBD-R has been validated during procedures for children of ages within our sample range.26 The
presence of each of 8 behaviors (information seeking, cry,
scream, restraint, verbal resistance, emotional support,
verbal pain, and flail) was noted continuously every 15
seconds during the following intervals: baseline (3 minutes before intervention); local anesthetic injection, if
needed; cleaning; suturing; and recovery. OSBD-R scores
range from 0 to 23.5 per interval and higher scores indicate greater distress. Fifteen-second scores for each category were compiled, averaged, and weighted in a standard manner.26 One of 2 trained observers who were
blinded to study purpose and design scored the videotape
of each subject. The scorers were not health care professionals and were instructed that various equipment and
monitoring were being evaluated. Interrater reliability for
each behavior of the OSBD-R was assessed by 2 trained
observers before scoring study videotapes and midway
during the scoring process.
Secondary outcome measures were visual analog scale
(VAS) ratings completed by suturers. At the completion of
suturing, suturers completed a 10-point VAS questionnaire to rate satisfaction with the sedation. The endpoints
were “not satisfied” and “highly satisfied,” with higher
scores indicating greater satisfaction.
Primary outcome measures for adverse events were
abnormalities in cardiopulmonary function as measured
by oxygen saturation less than 93%, alterations in heart
rate and blood pressure of more than 15% from baseline,
clinical signs of hypoperfusion (eg, diminished peripheral pulses, cool and pale distal extremities, or delayed
capillary refill), or need for supportive care, such as supplemental oxygen or positive-pressure ventilation.28
Secondary measures of adverse events were frequency of
adverse events, including vomiting, during sedation and
recovery. Oversedation was defined as a level of consciousness of U (unresponsive) based on the nursing score.
Parents completed questionnaires regarding adverse
effects 1 day after suturing and at the time of suture
removal. Parents who did not return to our institution for
suture removal returned questionnaires by mail or were
contacted by telephone.
Calculations of the anticipated power for the study
were based on estimates of means and SDs. Assuming that
the population mean OSBD-R was 1.75±1.85 OSBD
units26 with a power of 0.80 and α of .05, a change in the
mean of 1.05 OSBD units could be detected by a t test
with a sample of 50 children in each treatment group.
Because no cardiopulmonary adverse effects associated
with the use of 50% N2O in large numbers of children
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have been published, we did not conduct a formal power
analysis for adverse effects and chose to evaluate comparative complication profiles of standard care with either
oral midazolam or N2O.
Descriptive statistics were used to examine the demographic data (sex, age, race, ASA class, laceration length,
and number of sutures). Primary data analysis for efficacy
compared mean OSBD-R scores for the 4 treatment
groups using a repeated-measures analysis of variance
(ANOVA) with oral midazolam and N2O as the betweensubjects factors. Suturer satisfaction scores and recovery

Participant flow chart.
Potentially eligible
patients (n=246)
Not randomly assigned
(n=41)
Reasons:
(1) ED too busy (n=22)
(2) Parental refusal (n=19)

R

Midazolam
(n=52)

R E S U LT S

Two hundred five subjects (83% of eligible) were enrolled
in the study (Figure 1). Patients eligible but not enrolled
were similar to those enrolled in terms of age, sex, race,
and laceration length. One subject enrolled was given
midazolam intravenously and was excluded from analysis
because of protocol violation. The mean patient age was
4.1 years; 66% were boys; 66% were black; and 92% were
in ASA class I. There were no differences in age, sex, race,
ASA classification, laceration length, or number of
sutures between the groups (Table 1).
Mean OSBD-R scores were significantly lower for the
groups that received N2O during injecting lidocaine,
cleaning, and suturing (Table 2, Figure 2). Although there
was no similar systematic effect for midazolam, there
were significant interactions for these periods. The general
pattern of this interaction was for the midazolam group to
have lower OSBD-R scores than the standard care group,
but for the midazolam plus N2O group to have no advan-

Figure 1.

Standard care
(n=50)

times were also compared as a function of group assignment with 2-way ANOVA. Cardiorespiratory and other
adverse effects were compared using an analogous categorical model using the weighted least square solution.
Odds ratios and 95% confidence intervals (CIs) were
computed from the estimated effects. All statistical analyses were performed using SAS software (version 8.0, SAS
Institute, Inc, Cary, NC, 1996) with a value of P less than
.05 as the criterion for statistical significance.

Midazolam plus
nitrous oxide
(n=52)

Nitrous oxide
(n=51)

Table 1.

Subject characteristics.
Withdrawn (n=1)
• IV administration
Completed trial
(n=50)

Completed trial
(n=51)

Completed trial
(n=51)

Completed trial
(n=52)

Follow-up at
suture removal
(n=43)

Follow-up at
suture removal
(n=44)

Follow-up at
suture removal
(n=43)

Follow-up at
suture removal
(n=46)

• OSBD-R/VAS/
adverse effect
questionnaire
(n=34)

• OSBD-R/VAS/
adverse effect
questionnaire
(n=36)

• OSBD-R/VAS/
adverse effect
questionnaire
(n=36)

• OSBD-R/VAS/
adverse effect
questionnaire
(n=45)

• Adverse effect
questionnaire
(mail/telephone)
(n=9)

• Adverse effect
questionnaire
(mail/telephone)
(n=8)

• Adverse effect
questionnaire
(mail/telephone)
(n=7)

• Adverse effect
questionnaire
(mail/telephone)
(n=1)
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Variable
No.
Age, y (mean±SD)
Male sex, No. (%)
Race, No. (%)
Black
White
ASA class, No. (%)
I
II
Laceration
Length (cm, mean±SD)*
No. of sutures (mean±SD)
Baseline OSBD-R score
(mean±SD)

Standard
Care
Midazolam

N2O

Midazolam+
N2O

50
4.0±1.4
33 (66)

51
4.2±1.4
33 (65)

51
4.2±1.4
35 (69)

52
4.0±1.4
34 (65)

35 (70)
15 (30)

37 (73)
14 (27)

34 (67)
17 (37)

29 (56)
23 (44)

46 (92)
4 (8)

44 (86)
7 (14)

47 (92)
4 (8)

50 (96)
2 (4)

1.5±0.9
5±3
0.3±0.1

1.7±1
6±3
0.1±0.3

1.5±0.9
5±2
0.3±0.8

1.5±0.7
5±2
0.2±0.9
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tage over the N2O alone group. κ Coefficients of OSBD-R
behaviors ranged from 0.66 (information seeking) to 1.0
(flail) on a sample of 5 randomly selected tapes at the midway point. Mean recovery times were longer for groups
that received midazolam (Table 2), and suturer satisfac-

tion VAS scores were higher for groups that received N2O
compared with midazolam (Table 2, Figure 3).
No cardiorespiratory adverse events including hypotension, hypertension, hypoperfusion, and hypoxia
occurred in any subject at any time. No patient was

Table 2.

Analysis of variance tables.
Least Square Means

P Value

Period

M

MN

N

SC

M

N

MN

OSBD scores*
Baseline
Inject lidocaine
Cleaning
Suturing
Recovery
Suturer satisfaction†
Recovery time (min)‡

0.1
1.5
1.2
1.9
0.1
7.5
30

0.2
0.7
0.4
0.7
0.6
8.0
28

0.3
0.7
0.6
0.4
0.3
8.2
21

0.33
2.4
2.0
2.0
0.3
6.6
20

(.63)
(.09)
(.04)
(.63)
(.86)
(.41)
(.01)

.86
.0001
.0001
.0001
.48
.02
.90

(.73)
(.0001)
(.001)
(.01)
(.71)
(.22)
(.63)

M, Midazolam; MN, midazolam and N2O; N, N2O; SC, standard care.
*Contrasts extracted from a repeated-measures ANOVA with tests of M, N, and their interaction (MN) done for each period. The pooled estimate of the within-cell SD was 1.58.
†From a simple 2-way ANOVA. The pooled within-cell SD for the Suturer Satisfaction VAS was 3.04.
‡The analysis of recovery time was done with a square root transformation because of a highly skewed distribution and then the least square means were back-transformed. The pooled within-cell
SD (on the square root scale) was 2.38.

OSBD-R score

Figure 2.

OSBD-R intervals. SC, Standard care;
M, midazolam; N, N2O; MN, midazolam and N2O.

13
12
11
10
9
8
7
6
5
4
3
2
1
0

SC

M

N

Injecting lidocaine

2 4

MN

SC

M

N

MN

SC

Cleaning
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determined to be unresponsive, and the deepest level of
consciousness observed in each group was as follows:
standard care alone (A=50); standard care and oral midazolam (A=39, V=13); standard care and N2O (A=14,
V=34, P=3); standard care, midazolam, and N2O (A=12,
V=35, P=5).
Adverse effect questionnaires were completed in 176
(86%) of children. Parents of the 25 of 53 children who
did not return for suture removal completed the questionnaire by mail or telephone. Children who received
midazolam were more likely to have adverse events up to
24 hours after suturing, including ataxia, dizziness, difficulty walking, and crying more than usual (Table 3).
Adverse events were not reported in any group at the time
of suture removal.
Vomiting occurred in 6 children who received N2O
(standard care and N2O 5; standard care, oral midazolam,
and N2O 1; Table 3). Three patients vomited during
suturing and 3 after the last suture was placed but before
oral intake. In the 3 children who vomited during suturing, the oropharynx was suctioned while the nasal mask
was maintained; however, the N2O administration was
terminated and 100% oxygen was given for 1 to 3 minutes

Figure 3.

Suturer satisfaction. SC, Standard care; M, midazolam; N,
N2O; MN, midazolam and N2O.
Highly 10
satisfied
9
8
7
6
5
4
3
2
Not
satisfied
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or until the end-tidal N2O level was zero. The 3 patients
who vomited during sedation were described as responsive to voice, and the 3 who vomited during recovery
were alert. No clinically apparent aspiration occurred,
and there were no reports of respiratory symptoms at 1
day and suture removal follow-up.
Two of the 3 patients in whom treatment failed were in
the midazolam group. The other patient was randomly
assigned to the standard care group. There was no difference in baseline OSBD-R scores for these patients compared with others. In addition, 2 patients in the midazolam group had inconsolable agitation consisting of loud
crying, emotional lability, and resistance to comforting
by parents during suturing, requiring recovery in the ED
for 3 and 5 hours. Thirteen patients (5 standard care; 2
standard care and midazolam; 3 standard care and N2O;
3 standard care, midazolam, and N 2O) were restrained
at the discretion of the suturer with a papoose board.
There was no difference in group assignment or baseline
OSBD-R scores according to whether children were
restrained.
DISCUSSION

This study demonstrates that in our sample, continuousflow 50% N2O is more effective for relief of anxiety in
young children during wound preparation and suturing,
has fewer adverse effects, and shorter recovery times than
oral midazolam. Although vomiting occurred more frequently in groups that received N2O, there were no incidents of clinically apparent aspiration. In addition,
suturer satisfaction with the sedation was highest when
N2O was used.
Few studies in children using N2O for anxiety and pain
relief during procedures have been undertaken. Procedures prospectively studied include suturing,7,8
venipuncture,14,29 fracture reduction,13,17 and dental
procedures.30,31 During emergency suturing, Gamis et
al7 demonstrated safety and mild efficacy of 30% N2O in
children 8 years and older, and Burton et al8 reported
safety and efficacy of 50% N2O in 17 children 2 to 7 years
old. In 2 reports of children undergoing dental procedures, Litman et al30,31 evaluated the ventilatory effects
and levels of sedation achieved with the combination of
oral midazolam (0.5 to 0.7 mg/kg) and 15% to 60% N2O.
In the first study of a small group of children 1 to 3 years
old, there were no significant changes in end-tidal carbon
dioxide tension with increasing concentrations of N2O
from 15% to 60% and a progression from conscious to
deep sedation in 45% of children who received 30% to
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60% N2O.30 In the second study, the authors demonstrated that the addition of 40% N2O to 0.7 mg/kg oral
midazolam in a small group of children 1 to 9 years old
did not result in respiratory depression or upper airway
obstruction, but did cause an increase in the level of sedation in some children beyond conscious sedation.31
Vomiting has been reported in none to 6% of the aforementioned outpatient studies of N2O and is similar to our
incidence of 6%.7,8,13,30,31
Traditionally, N2O has been self-administered in the
outpatient setting by a device that delivers a fixed mixture
of 50% N2O and oxygen through a demand valve (eg,
Nitronox). In our experience, children do not consistently achieve acceptable analgesia and sedation with this
device. The demand valve requires an inspiratory effort of
–3 to –5 cm H2O to activate gas flow. This is difficult for
young children who are crying, have weaker respirations
than adults, or cannot follow instructions. In collaboration with the Departments of Anesthesiology, Dentistry,
and Respiratory Therapy, we constructed and used in this
study an inexpensive portable, continuous-flow system
for delivery of N2O and oxygen to young children.23
Other studies have compared children inhaling N2O
with a control group inhaling oxygen.7,8 We believe that
oxygen administration by nasal mask to an agitated

young child likely increases the child’s anxiety. This iatrogenically induced distress may increase the difference in
distress between groups and does not represent a true
control. Therefore, we chose as the control group our
standard of care for suturing, which includes comforting
activities, topical LET and, if needed, injected buffered
lidocaine. Because we chose not to use oxygen as a control, we were unable to blind parents and sedators to the
agent used.
Furthermore, most modalities of sedation involve a
noxious stimulus associated with administration. In the
case of N2O, the facemask in some children may be perceived as noxious. Flavoring the mask and incorporating
the mask into story-telling in young children were used to
enhance acceptance of the nasal mask. Although the nasal
mask alone may be noxious, OSBD-R scores for children
who received N2O and the accompanying nasal mask
were lower than groups that did not receive N2O.
Because this study was conducted in an ED staffed by
nurses and physicians experienced in the care of critically
ill and injured children and because only subjects 2 to 6
years old were studied using a continuous delivery system of N2O, caution in generalization of these results to
other clinical settings, equipment, and children of different ages is warranted.

Table 3.

Adverse effects.

Adverse Effects
Ataxia
During ED visit‡
First 24 h§
Dizziness
During ED visit
First 24 h
Difficulty walking first 24 h
Vomiting during ED visit
Crying more first 24 h
Hallucinations first 24 h
Sleeping more first 24 h
Headache
During ED visit
First 24 h

N2O*

Midazolam+
N2O*

Midazolam
Odds Ratio
(95% CI)†

N2O
Odds Ratio
(95% CI)†

2
12

0
1

1
14

2.0 (0.7–6.2)
6.0 (2.2–16.5)

0.8 (0.3–2.0)
1.1 (0.7–1.7)

0
0
0
0
0
0
4

1
6
10
0
5
1
11

0
0
0
5
0
0
4

0
6
8
1
5
3
6

1.4 (0.4–4.9)
3.8 (1.4–10.6)
4.7 (1.7–13.1)
0.6 (0.3–1.3)
3.4 (1.2–9.6)
2.1 (0.7–6.4)
1.4 (0.9–2.2)

0.7 (0.2–2.5)
0.9 (0.5–1.5)
0.7 (0.5–1.2)
2.5 (0.9–7.5)
0.9 (0.5–1.6)
1.3 (0.5–3.1)
0.7 (0.5–1.1)

0
3

0
1

1
4

0
4

0.7 (0.2–2.5)
0.8 (0.5–1.4)

1.4 (0.4–4.8)
1.3 (0.7–2.3)

Standard
Care*

Midazolam*

0
0

*

Frequency data.
All interactions were insignificant, so a main-effect only/weighted least squares categorical model was computed, adding 0.5 to each cell because of the observed cells with a frequency of 0.
‡
Two hundred four questionnaires completed during ED visit.
§
One hundred fifty-six questionnaires completed at 24 h after ED visit.
†
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Our results indicate that the addition of oral midazolam has no advantage over N2O alone. However, in groups
that did not receive N2O, there seems to be an anxietyreducing effect of midazolam during wound preparation,
including the steps of lidocaine injecting and wound
cleaning. The minor side effects of dizziness, ataxia, and
irritability occurred only in children who received midazolam and were reported by some parents to persist for
up to 24 hours after discharge. Furthermore, because the
addition of midazolam to N2O did not confer added benefit in reducing distress but increased adverse effects, the
use of N2O alone appears to be optimal.
We conclude that 50% N2O, administered by a continuous-flow system, is more effective than midazolam and
standard care for relief of anxiety during emergency
suturing in young children. Furthermore, adverse effects
occurred less frequently, recovery was shorter, and suturer
satisfaction was greatest during suturing in groups that
received N2O.
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1985;14:139-148.
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18. Dripps RD, Lamong A, Eckenhoff JE. The role of anesthesia in surgical mortality. JAMA.
1961;178:261-266.
19. Gabriel MJ, Barker DS. Paediatric Acute Pain Management Handbook. 4th ed. North
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