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Background: In the pediatric emergency department, patients are commonly treated with a 

single dose of oral midazolam for minor procedures. We sought to evaluate the effect of this 

treatment on procedure completion rates.

Methods: We conducted a single-center retrospective cohort study of all patients who were 

treated with pre-procedure oral midazolam between January 2011 and June 2016. The primary 

outcome was the procedure completion rate.

Results: During the study period, 1,504 patients were treated with oral midazolam as per 

department protocol; 1,467 received midazolam and 37 declined midazolam. Oral midazolam 

was used in 14 different types of emergency department procedures. The procedure completion 

rates in the treatment and non-treatment groups were 1,402/1,467 (95.6%) and 24/37 (64.8%), 

respectively (difference 30.7%; 95% confidence interval [CI] 17.3%–46.8%); p<0.0001. Treat-

ment group patients had procedure completion rates of 25/33 (75.8%), 165/188 (87.8%%), 

1,154/1,187 (97.2%), and 58/59 (98.3%), in the less than 0.3 mg/kg group, 0.3 to less than 0.5 

mg/kg group, 0.5 to less than 0.7 mg/kg group, and 0.7 to less than 0.9 mg/kg group, respectively. 

Multivariate regression did not demonstrate an association between sex, ethnicity, dosage of 0.5 

mg/kg or greater, type of procedure, and failure to complete procedure. Severe adverse events 

were not recorded. A dose of less than 0.3 mg/kg was significantly associated with an increased 

risk of failure to complete a procedure (adjusted odds ratio 8.34, 95% CI 3.32–20.9; p<0.0001).

Conclusion: The findings suggest that oral midazolam in a single dose of 0.5 mg/kg or greater 

is associated with successful completion of minor pediatric procedures.
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Introduction
Procedure-related pain and distress are major challenges encountered when caring 

for sick and injured children in the emergency department (ED), and the use of 

sedation, a humanistic aspect of child care, has become common practice in pediatric 

emergency medicine worldwide.1–3  Painful procedures, such as fracture reduction, 

are usually treated with intravenous ketamine sedation.2,3 Despite the prevalent use 

of topical anesthetics, a large number of procedures, which are usually not painful, 

are associated with distress and suffering. Patients undergoing these minor stressful 

procedures are commonly treated with oral midazolam as a sole sedative agent.4–10 

Currently, no study has evaluated the effect of midazolam on procedure completion 

rates in pediatric emergency medicine.10

In 2010, the Israeli Medical Association (IMA) issued guidelines recommending the 

administration of a single dose of oral midazolam prior to any distressful procedure in 
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the pediatric ED.11 Consequently, in the ED of Ruth Children’s 

Hospital of Rambam Health Care Campus (RHCC) in Haifa, 

Israel, children receive this treatment relatively frequently.12,13

The objective of this study was to evaluate the effect of 

oral midazolam on procedure completion rates.

Patients and methods
Study design, subjects, and data collection
We conducted a retrospective cohort study of all children 

who were treated with pre-procedure oral midazolam 

between 1 January 2011 and 31 June 2016. Using a 

structured form, the electronic charts of the patients were 

reviewed independently by 2 abstractors (RST, LK). Chart 

review was conducted in accordance with published meth-

ods for retrospective studies, with the sole exception that 

abstraction of data was not done blindly with regard to the 

study objective.14 The medical charts were extracted from 

the ED electronic medical records system (“Prometheus”, 

RHCC integrated computer system). This computerized 

system was developed by the hospital’s department of 

Information Technology and is a mandatory working tool 

for all physicians and nursing staff. The following variables 

were extracted from the medical records of each patient: 

age, weight, sex, dosage, type of procedure, completion of 

procedure (yes/no), second sedative drug given and route of 

administration, any serious adverse event, and any ED return 

visit within 24 hours due to an adverse event. According to 

departmental policy, severe adverse reactions are recorded 

by the nurse responsible for the patient.15 Department pro-

tocol defines severe adverse event as hypoxia (saturation of 

90% or less), apnea (discontinuation of breathing), aspira-

tion (coughing or choking associated with observed gastric 

contents in the mouth), and laryngospasm (upper airway 

obstruction with oxygen desaturation caused by closure 

of the vocal cords).15 The patient records and information 

were anonymized and de-identified before analysis, and 

therefore the Institutional Review Board of RHCC (No. 

0311-16) approved this study without the requirement of 

obtaining informed consent.

IMA protocol for pre-procedural oral 
midazolam in the ED
The recommended dosage of oral midazolam for ED pro-

cedures is 0.5–0.7 mg/kg.11 According to IMA guidelines, 

if a child aged 1 year or older is about to have a distressful 

procedure, such as laceration repair or urinary catheteriza-

tion, the patient and his/her caregiver/s may be offered the 

option of oral midazolam.11 Only patients with an American 

Society of Anesthesiology score of ≤2 and a fasting time of 

1 hour or more are eligible for this treatment.

ED protocol for administration of oral 
midazolam for minor procedures
The ED nursing staff of Ruth Children’s Hospital uses the 

pediatric Canadian Triage Acuity Scale (PedCTAS) to triage 

patients.16 The PedCTAS is a triage method that has been 

widely used in Canada and other countries since 2001. Using 

this method, patients are divided into 5 categories according 

to their medical condition: level 1 – patient requires imme-

diate evaluation and care; level 2 – patient requires evalua-

tion and care within 15 minutes; level 3 – patient requires 

evaluation and care within 30 minutes; level 4 – patient 

requires evaluation and care within 60 minutes; and level 5 

– patient requires evaluation and care within 120 minutes.16 

A nurse-driven protocol is used for the administration of 

oral midazolam prior to a procedure in children who have a 

PedCTAS level of 4 or 5. Any child who is 1 year old or older 

and is about to have a medical procedure involving a needle 

puncture is treated in the triage room with a topical analgesic 

agent; EMLA cream (Eutectic Mixture of Local Analgesics) 

applied to the intact skin, or LAT gel (4% lidocaine, 1:2000 

adrenaline, 0.5% tetracaine) applied for laceration repair. 

Approximately 15 minutes before the procedure and at least 

30 minutes after the LAT gel was applied (or 60 minutes 

after the EMLA cream was applied), the child and his/her 

parents are placed in one of the procedure rooms and a nurse 

provides an explanation of the procedure. Caregivers of 

children who are about to have a minor stressful procedure 

(such as laceration repair) are instructed by the nurse how 

to perform distraction of the child with the use of a mobile 

phone, and how to gently restrain the child on the bed. The 

caregivers are then offered oral midazolam and an explana-

tion about the drug and possible adverse reactions is provided. 

The medication used is the intravenous solution mixed 

with an equal volume of raspberry juice, and the maximal 

single dose is 10 mg. If caregivers decline treatment for the 

child, the procedure is performed without midazolam. If a 

decision to treat with midazolam is made, an ED physician 

prescribes the drug and the parents are then asked to give the 

medication to their child. Approximately 30 minutes later, the 

procedure begins and the parents are asked to perform gentle 

restraint.17 If the procedure cannot be performed with gentle 

restraint (caregiver restraint), the procedure is discontinued. 

If a procedure is discontinued, the use of a second sedative 

is offered to the caregivers of patients who were treated with 

oral midazolam.
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Study outcome measure
The primary outcome measure was the proportion of 

procedures completed with a single dose of oral midazolam. 

A failed procedure was defined as any case in which the 

procedure was not completed, or completed with the addition 

of a sedative agent after the procedure was discontinued.18

Statistical analysis
Descriptive statistics were used to describe the data and 

expressed in terms of frequency, percentage, mean, and 

standard deviation. Data were analyzed with SPSS 21 version 

(SPSS-IBM, Chicago, IL, USA). For the comparison of the 

proportion of completed procedures in the midazolam and 

non-midazolam groups, chi-square test was used. Multivariate 

regression was used to examine for potential confounders. 

The following variables were tested: sex, ethnicity, dosage 

of midazolam per weight, and type of procedure. p<0.05 was 

considered as significant.

Results
During the study period, 1,517 children who required a 

minor procedure were treated with oral midazolam as per 

department protocol; 13 cases were missed because of 

incomplete documentation, 1,467 received midazolam, and 

37 declined it. Demographic characteristics are presented 

in Table 1. Oral midazolam was used in 14 different types 

of emergency procedures; the most common were urethral 

catheterization (33.6%), laceration repair (25.6%), and 

intravenous catheterization (23.6%) (Table 1). Of the 1,467 

patients who received midazolam, 1,187 patients received 

the per protocol dose of 0.5–0.7 mg/kg, and 280 patients 

received higher or lower doses due to deviation from pro-

tocol (Table 1).

Procedure completion rates
Procedure completion rates in the treatment and non-

treatment groups were 1,402/1,467 (95.6%) and 24/37 

(64.8%), respectively (difference 30.7%; 95% confidence 

interval [CI] 17.3%–46.8%), p<0.0001.

Treatment group patients had procedure completion rates 

of 25/33 (75.8%), 165/188 (87.8%%), 1,154/1,187 (97.2%), 

and 58/59 (98.3%), in the less than 0.3 mg/kg group, 0.3 to 

less than 0.5 mg/kg group, 0.5 to less than 0.7 mg/kg group, 

and 0.7 to less than 0.9 mg/kg group, respectively.

Of the 1,467 patients who received midazolam, 65 (4.4%) 

did not complete the procedure. Five underwent urethral 

catheterization, 23 had a laceration repair, 16 underwent 

intravenous catheterization, 6 had abscess drainage, 12 had 

foreign body removal, 2 underwent manual removal of fecal 

impaction, and 1 patient had cast removal. In 59 patients, a 

second sedative was required to complete the procedure; 

intranasal midazolam in 34, intramuscular ketamine in 9, 

intravenous propofol in 14, and nitrous oxide inhalation in 2. 

In 6 cases, patients refused a second sedative (4 patients who 

had urethral catheterization and 2 patients who had limb 

lacerations).

Variables associated with failure to 
complete a procedure
Multivariate regression did not demonstrate an association 

between sex, ethnicity, midazolam dosage of 0.5 mg/kg or 

Table 1 Patients’ characteristics

Declined 
Midazolam 
(n=37)

Received
Midazolam 
(n=1467)

4.2±2.73.5±2.4Age, years, mean±SD
16.9±6.215.2±4.8Weight, kg, mean±SD

22 (59.5)
15 (40.5)

590 (40.2)
877 (59.8)

Gender, n (%)
Male
Female

26 (70.2)
11 (29.8)

1015 (69.2)
452 (30.8)

Ethnicity, n (%)
Jewish
Arab

12 (32.4)
13 (35.2)
–
12 (32.4)

–

–

–
–

–

–
–
–
–
–
–
–

487 (33.6)
352 (24.1)
21 (1.5)
211 (14.4)

130 (8.9)

55 (3.7)

46 (3)
42 (2.9)

23 (1.6)

21 (1.4)
16 (1.1)
14 (1)
13 (0.9)
9 (0.6)
9 (0.6)
6 (0.4)

Procedure, n (%)
Urinary catheterization
Laceration repair (with LAT gel)
Laceration repair (withou LAT gel)
Intravenous catheterization  
(with EMLA cream)
Intravenous catheterization  
(without EMLA cream)
Facilitating physical examination in a  
child with special needs
Manual removal of fecal impaction
Foreign body removal from  
ear or nose
Prolonged imaging examination  
(CT/US)
Abscess drainage
Cast removal
Ophthalmic examination
Applying dressing to severe burns
Removal of cerumen impaction
Rabies vaccination after animal byte
Myringotomy

–
–
–
–

33 (2.2)
188 (12.9)
1187 (80.9)
59 (4.0)

Dosage, n (%)
Less than 0.3 mg/kg
0.3 mg/kg to less than 0.5 mg/kg
0.5 mg/kg to less than 0.7 mg/kg
0.7 mg/kg to less than 0.9 mg/kg

Abbreviations: SD, standard deviation; CT, computerized tomography; US, 
ultrasound examination; LAT, lidocaine-adrenaline-tetracaine; EMLA, eutectic 
mixture of local analgesics.
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greater, type of procedure, and failure to complete procedure 

(Table 2). Midazolam in a dose of 0.3 mg/kg to less than 

0.5 mg/kg was associated with an increased risk of failure 

to complete a procedure (adjusted odds ratio [AOR] 1.88, 

95% CI 0.83–4.27; p<0.013). Midazolam in a dose of less 

than 0.3 mg/kg was significantly associated with an increased 

risk of failure to complete a procedure (AOR 8.34, 95% CI 

3.32–20.9; p<0.0001) (Table 2).

Adverse events related to oral midazolam
Midazolam-related severe adverse events were not recorded 

during the study period. No patient was admitted to hospital 

due to an adverse event related to midazolam, and no patient 

returned to the ED within 24 hours due to an adverse event.

Discussion
In our cohort, oral midazolam was used in a wide variety of 

minor stressful procedures (Table 1). Almost all the patients 

in the midazolam group completed the procedures (95.6%), 

as opposed to approximately two-thirds of the patients who 

were not treated with midazolam (64.8%). These findings 

suggest that oral midazolam helps to facilitate the completion 

of stressful procedures in the ED.

Laceration repair, urethral catheterization, and intrave-

nous catheterization accounted for 83% of the procedures. 

With regard to laceration repair, our search yielded only 1 

study that examined the effectiveness of oral midazolam.19 

In a randomized controlled trial that compared oral mid-

azolam with oral ketamine, only 2 (6%) of the children in 

the midazolam arm required the addition of a second seda-

tive to complete the procedure, as compared to 12 (32%) 

of the children in the ketamine arm.19 This finding supports 

our results as it indicates that midazolam helps to facilitate 

completion of this procedure. Previous studies on urethral 

catheterization have reported that the procedure is associated 

with a significant level of stress, and that oral midazolam 

can be helpful in these patients.13,20–23 A quasi-experimental 

study that assessed the effectiveness of midazolam in febrile 

infants undergoing urethral catheterization found that pre-

medication with midazolam reduced the distress associated 

with the procedure. Patients receiving midazolam had a 53% 

decrease in mean visual analog scale (VAS) score when par-

ents assessed distress (from 71.7 to 33.6) and a 48% decrease 

in the mean VAS score when nurses assessed distress (from 

55.5 to 28.7).13 Outside the ED, most of the data on the 

effectiveness of oral midazolam in urethral catheterization 

are from the field of voiding cystourethrogram. Studies that 

compared 0.5–0.6 mg/kg of oral midazolam against placebo 

reported that midazolam was effectively used; children who 

received midazolam were more cooperative and tolerant than 

those treated with placebo.20–23 There is also a growing body 

of evidence suggesting that oral midazolam is effective in 

facilitating dental procedures in children.24,25 All together, 

these reports suggest that oral midazolam has the potential 

to facilitate completion of stressful procedures, and support 

our finding of a high rate of procedure completion using 

oral midazolam.

We found a procedure success rate of 97.2% among the 

1187 patients who received a dose of 0.5 to less than 0.7 

mg/kg, and a success rate of 98.3% among the 59 patients 

Table 2 Results of univariate and multivariate regression of predictors of failure to complete a procedure with a single dose of oral 
midazolam (n=1,467)

Predictor Unadjusted OR 95% CI p-value Adjusted OR 95% CI p-value

Age 1.20 (1.13–1.28) 1.03 (0.93–1.38) 0.54
Sex

Female
Male (ref)

0.69 (0.42–1.14) 0.15 0.94 (0.55–1.62) 0.82

Ethnicity
Jewish
Arab (ref)

0.64 (0.38–1.08) 0.097 0.65 (0.38–1.09) 0.10

Dosage of midazolam per weight (mg/kg)
Less than 0.3
0.3 to less than 0.5
0.5 to less than 0.7
0.7 to less than 0.9 (ref)

11.2 (4.6–27.3)
2.37 (1.07–5.22)
1.43 (0.75–2.72)

<0.0001
0.032
0.28

8.34 (3.32–20.9)
1.88 (0.83–4.27)
1.30 (0.67–2.51)

<0.0001
0.013
0.43

Procedure
Laceration repair
Intravenous catheterization 
Urinary catheterization (ref)

2.37 (1.11–5.05)
1.79 (0.79–4.05)

0.025
0.16

2.26 (0.99–5.11)
1.63 (0.68–3.85)

0.051
0.27

Abbreviations: OR, odds ratio; CI, confidence interval; ref, reference.
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who were treated with a dose of 0.7 to less than 0.9 mg/kg. 

According to the multivariate regression analysis, midazolam 

dosage of 0.5 mg/kg or greater was not associated with 

procedure failure. These results seem to indicate that oral 

midazolam in a dose of 0.5 mg/kg or more is associated with 

procedure completion. Two previous studies also reported 

successful completion of procedures with similar doses of 

oral midazolam.19,25

Another important f inding is that our multivariate 

regression revealed that a dosage of less than 0.3 mg/kg 

was associated with failure to complete a procedure. These 

results are in line with a previous study that reported that 

anxiety scores were no different in children receiving 

placebo or oral midazolam in a dose of 0.3 mg/kg.26 These 

findings suggest that the IMA protocol is not suited for 

children who weigh more than 30 kg, because the maximal 

dose of 10 mg (per protocol) results in a dosage of less 

than 0.3 mg/kg.

Midazolam-related severe adverse events were not found 

in our study. Future large prospective studies are warranted 

to confirm the safety of this treatment.

This study has several limitations. Firstly, this is a single-

center study; therefore, the results may not be generalizable. 

Secondly, the study has limitations inherent in a retrospec-

tive chart review, including dependence on the quality of 

documentation; thus, we had no data regarding the sedative 

state of the child during the procedure or the length of each 

procedure because these parameters were not recorded. In 

children who were more cooperative, it is possible that using 

nitrous oxide would have yielded a shorter procedure time. 

Thirdly, only patients who required evaluation and care 

within 60 minutes or more (triage category 4 or 5) were 

included in the study. Our results may not apply to patients 

who require more urgent care. Fourthly, we were not able 

to provide information on non-severe adverse events, such 

as paradoxical reaction, vomiting, or over-sedation because 

these data were not recorded systematically in patients’ 

charts. Finally, midazolam was offered to all caregivers of 

the patients based on department protocol. We do not believe 

that declining midazolam represents a bias toward decision 

to discontinue procedures.

Conclusion
The results of this cohort study suggest that oral midazolam 

helps to facilitate completion of stressful procedures in the 

ED. Our findings show that midazolam in a single dose of 0.5 

mg/kg or greater is associated with successful completion of 

ED procedures in children.
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