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ABSTRACT

Background

Midazolam is used for sedation before diagnostic and therapeutic medical procedures. It is an imidazole benzodiazepine that has
depressant effects on the central nervous system (CNS) with rapid onset of action and few adverse effects. The drug can be administered
by several routes including oral, intravenous, intranasal and intramuscular.

Objectives

To determine the evidence on the effectiveness of midazolam for sedation when administered before a procedure (diagnostic or
therapeutic).

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL to January 2016), MEDLINE in Ovid (1966 to January 2016) and
Ovid EMBASE (1980 to January 2016). We imposed no language restrictions.

Selection criteria

Randomized controlled trials in which midazolam, administered to participants of any age, by any route, at any dose or any time before
any procedure (apart from dental procedures), was compared with placebo or other medications including sedatives and analgesics.

Data collection and analysis

Two authors extracted data and assessed risk of bias for each included study. We performed a separate analysis for each different drug
comparison.

Main results

We included 30 trials (2319 participants) of midazolam for gastrointestinal endoscopy (16 trials), bronchoscopy (3), diagnostic imaging
(5), cardioversion (1), minor plastic surgery (1), lumbar puncture (1), suturing (2) and Kirschner wire removal (1). Comparisons were:
intravenous diazepam (14), placebo (5) etomidate (1) fentanyl (1), flunitrazepam (1) and propofol (1); oral chloral hydrate (4), diazepam
(2), diazepam and clonidine (1); ketamine (1) and placebo (3); and intranasal placebo (2). There was a high risk of bias due to inadequate
reporting about randomization (75% of trials). Effect estimates were imprecise due to small sample sizes. None of the trials reported on
allergic or anaphylactoid reactions.

Intravenous midazolam versus diazepam (14 trials; 1069 participants)

Midazolam for sedation before procedures (Review) 1
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There was no difference in anxiety (risk ratio (RR) 0.80, 95% confidence interval (Cl) 0.39 to 1.62; 175 participants; 2 trials) or discomfort/
pain (RR 0.60, 95% CI 0.24 to 1.49; 415 participants; 5 trials; 1> = 67%). Midazolam produced greater anterograde amnesia (RR 0.45; 95% ClI
0.30 to 0.66; 587 participants; 9 trials; low-quality evidence).

Intravenous midazolam versus placebo (5 trials; 493 participants)

One trial reported that fewer participants who received midazolam were anxious (3/47 versus 15/35; low-quality evidence). There was
no difference in discomfort/pain identified in a further trial (3/85 in midazolam group; 4/82 in placebo group; P = 0.876; very low-quality
evidence).

Oral midazolam versus chloral hydrate (4 trials; 268 participants)
Midazolam increased the risk of incomplete procedures (RR 4.01; 95% Cl 1.92 to 8.40; moderate-quality evidence).
Oral midazolam versus placebo (3 trials; 176 participants)

Midazolam reduced pain (midazolam mean 2.56 (standard deviation (SD) 0.49); placebo mean 4.62 (SD 1.49); P < 0.005) and anxiety
(midazolam mean 1.52 (SD 0.3); placebo mean 3.97 (SD 0.44); P < 0.0001) in one trial with 99 participants. Two other trials did not find
a difference in numerical rating of anxiety (mean 1.7 (SD 2.4) for 20 participants randomized to midazolam; mean 2.6 (SD 2.9) for 22
participants randomized to placebo; P =0.216; mean Spielberger's Trait Anxiety Inventory score 47.56 (SD 11.68) in the midazolam group;
mean 52.78 (SD 9.61) in placebo group; P > 0.05).

Intranasal midazolam versus placebo (2 trials; 149 participants)

Midazolam induced sedation (midazolam mean 3.15 (SD 0.36); placebo mean 2.56 (SD 0.64); P <0.001) and reduced the numerical rating of
anxiety in one trial with 54 participants (midazolam mean 17.3 (SD 18.58); placebo mean 49.3 (SD 29.46); P <0.001). There was no difference
in meta-analysis of results from both trials for risk of incomplete procedures (RR 0.14, 95% CI 0.02 to 1.12; downgraded to low-quality
evidence).

Authors' conclusions

We found no high-quality evidence to determine if midazolam, when administered as the sole sedative agent prior to a procedure, produces
more or less effective sedation than placebo or other medications. There is low-quality evidence that intravenous midazolam reduced
anxiety when compared with placebo. There is inconsistent evidence that oral midazolam decreased anxiety during procedures compared
with placebo. Intranasal midazolam did not reduce the risk of incomplete procedures, although anxiolysis and sedation were observed.
There is moderate-quality evidence suggesting that oral midazolam produces less effective sedation than chloral hydrate for completion
of procedures for children undergoing non-invasive diagnostic procedures.

PLAIN LANGUAGE SUMMARY

Midazolam for sedation before procedures
Review question

We wanted to find out whether midazolam makes medical procedures more comfortable for children and adults, as well as whether it
makes the procedure easier to perform.

Background

Children and adults can become anxious during medical procedures and the procedures can be painful. Pain and anxiety can sometimes
make the procedure more difficult to perform for the medical staff, due to movement or a lack of co-operation from the patient. Sedative
medications, including midazolam, are used to reduce pain and anxiety. They can be injected directly into the bloodstream (with an almost
immediate effect), injected into muscle tissue, given as a nasal spray, or swallowed as a tablet or solution.

Study characteristics

The evidenceis up-to-date to January 2016. We included 30 trials involving 2319 participants. We looked at trials that compared midazolam
with no active treatment ('dummy' treatment/placebo) or a different medication for sedation before a procedure. The trials involved
children and adults having procedures to diagnose medical problems rather than procedures for treatment of a disease. We disregarded
trials where people received a general anaesthetic or other medications for sedation or pain relief in addition to midazolam during their
procedure.

Key results

Midazolam administered into the bloodstream compared with other medications did not seem to make the participants more drowsy,
reduce anxiety or pain, or make the procedure easier to perform. This is based on the low-quality evidence currently available. A potential

Midazolam for sedation before procedures (Review) 2
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benefit is that children and adults who received midazolam compared with no active treatment did not remember as much about the
procedures. Midazolam made them drowsy, reduced anxiety and made it easier to perform a procedure. There is moderate-quality
evidence that a solution of midazolam given to children to drink before a procedure was not as effective as a different medication called
chloral hydrate. A nasal spray of midazolam before a procedure made the participants drowsy and reduced their anxiety, but this did
not make it easier to perform procedures on them. This review cannot be used to assess the harms of midazolam for sedation before a
procedure.

Quality of the evidence

We rated the evidence, in the main, as being of low quality. Particularly concerning was that many trials did not explain how participants
were randomized to either midazolam or to a different treatment, and that the results did not give us a very clearly defined answer.

Midazolam for sedation before procedures (Review) 3
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Intravenous midazolam compared to diazepam for sedation before procedures

Intravenous midazolam compared to diazepam for sedation before procedures

Patient or population: adults and children requiring sedation before gastrointestinal endoscopy and bronchoscopy
Settings: hospitals in UK, USA, Mexico, India, Italy, Finland, Jamaica, France, Jordan and Turkey

Intervention: intravenous midazolam
Comparison: intravenous diazepam

Outcomes Illustrative comparative risks* Relative effect  No of Partici- Quality of the Comments
(95% Cl) (95% Cl) pants evidence
(studies) (GRADE)
Assumed risk Corresponding
risk
Diazepam Midazolam
Level of sedation on a se- 75 very low! The mean level of sedation in the midazolam
dation assessment scale group was 3.2 and the mean level of sedation
(1 study) in the diazepam group was 2.7 on a scale that
ranged from 0 to 4 (higher scores indicating
more sedation). Measured with a scale that
ranged from 0 - 4 (higher scores indicating the
participant was more sedated).
Numeric rating of anxi- 167 per 1000 133 per 1000 RR 0.80 175 low2 Effect estimate calculated for number of par-
ety or rated as anxious (65 to 270) (0.39t0 1.62) (2 studies) ticipants rated as anxious
Incomplete procedure 170 All procedures were completed in both
groups
(1 study)
Anterograde amnesia 481 per 1000 216 per 1000 RR 0.45 587 low3
(defined by number of (144 to 318) (0.3t00.66) (9 studies)
participants who re-
called the procedure)
Disinhibition or excita- No studies reported on this outcome
tion
Discomfort/pain 202 per 1000 121 per 1000 RR 0.60 415 low2
(48 to 301) (0.24 t0 1.49) (5 studies)
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Allergic or anaphylactoid No studies reported on this outcome
reaction

*The basis for the assumed risk is the control group risk across studies or the average risk for pooled data and the control group risk for single studies. The corresponding
risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; RR: Risk ratio.

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1Downgraded by three levels due to very serious concerns about study limitations (risk of bias) and very serious concerns about imprecision.
2Downgraded by two levels due to very serious concerns about study limitations (risk of bias) and imprecision.
3Downgraded by two level due to concerns about study limitations and inconsistency.

Summary of findings 2. Intravenous midazolam compared to placebo for sedation before procedures

Intravenous midazolam compared to placebo for sedation before procedures

Patient or population: adults requiring sedation before gastrointestinal endoscopy and bronchoscopy
Settings: hospitals in India, Iran, UK, Portugal and Japan

Intervention: intravenous midazolam

Comparison: placebo

Outcomes Illustrative comparative risks* Relative effect  No of Partici- Quality of the Comments
(95% Cl) (95% CI) pants evidence
(studies) (GRADE)
Assumed risk Corresponding
risk
Placebo Intravenous
midazolam
Level of sedation on 100 low! Participants who were randomized to midazolam
a sedation assess- were more sedated (the mean score on the Ram-
ment scale (1 study) say scale (1 to 6 with higher scores indicating the

participant was more sedated) was 2.77 +1.19in
the midazolam group and 1.72 £ 0.50 in the place-
bo group.
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Numeric rating of 100 low! Authors of this trial reported that fewer partici-
anxiety or rated as pants who received midazolam were anxious (3/50
anxious (1 study) in midazolam group; 15/50 in placebo group) but

results of statistical tests were not reported.

Incomplete proce- No studies reported on this outcome
dures
Anterograde am- No studies reported on this outcome

nesia (defined by
number of partici-
pants who recalled
the procedure)

Disinhibition or ex- No studies reported on this outcome
citation
Discomfort/pain 167 very low2 There was no difference in the number of partici-
pants who had discomfort/pain during upper gas-
(1 study) trointestinal endoscopy (3/85 in midazolam group;

4/82 in placebo group; P =0.876). Measured in the
trial as 'uncomfortable'

Allergic or anaphy- No studies reported on this outcome
lactoid reaction

*The basis for the assumed risk is the control group risk across studies or the average risk for pooled data and the control group risk for single studies. The corresponding
risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
Cl: Confidence interval; RR: Risk ratio.

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1Downgraded two levels due to concerns about study limitations and imprecision.
2Downgraded three levels due to very serious concerns about study limitations and imprecision.

Summary of findings 3. Oral midazolam compared to chloral hydrate for sedation before procedures

Oral midazolam compared to chloral hydrate for sedation before procedures
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Patient or population: children requiring sedation before procedures that require motion control, including echocardiography, lumbar puncture, micturating cys-
tourethrograms and neuroimaging
Settings: Paediatric ICU in USA, emergency departments in USA and Iran and Medical Imaging department in Turkey
Intervention: oral midazolam

Comparison: oral chloral hydrate

Outcomes Illustrative comparative risks* (95% CI) Relative effect  No of Partici- Quality of the Comments
(95% CI) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Chloral hy- Oral midazolam
drate
Level of sedation 160 moderatel 61 participants (76.25%) in the chloral
on sedation assess- hydrate group were rated at the high-
ment scale (1) est level of sedation compared with 12
(15%) in the midazolam group (scores
ranged from 1 = agitated to 4 = eyes clos-
ing spontaneously but response to mi-
nor stimuli)
Numeric rating of The mean rat- The mean rating of anxiety 88 very low?2 We did not conduct meta-analysis be-
anxiety or rated as ing of anxiety in  in the D'Agostino 2000 tri- (2) cause this outcome was measured dif-
anxious D'Agostino 2000  al (33 participants) was ferently in the trials (could have been
was 2.5 1.1 lower answered by parents or children in Akil
(on a scale of 1 - 5 with 2005).
The mean rat- higher scores indicating
ing of anxiety less anxiety)
in Akil 2005 was
49.4 The mean rating of anx-
iety in the Akil 2005 trial
(35 participants) was 1.83
lower
(on the Spielberger's Trait
Anxiety Inventory)
Incomplete proce- 56 per 1000 226 per 1000 RR4.01 268 moderate!
dures (108 to 474) (1.92t0 8.4) (4)

Anterograde am-
nesia (defined by
number of partici-
pants who recalled
the procedure)

No studies reported on this outcome
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Disinhibition or ex- No studies reported on this outcome
citation

Discomfort No studies reported on this outcome
Allergic or anaphy- No studies reported on this outcome

lactoid reaction

*The basis for the assumed risk is the control group risk across studies or the average risk for pooled data and the control group risk for single studies. The corresponding
risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
Cl: Confidence interval; RR: Risk ratio.

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1Downgraded one level due to concerns about study limitations.
2Downgraded three levels due to concerns about study limitations, inconsistency and imprecision.

Summary of findings 4. Oral midazolam compared to placebo for sedation before procedures

Oral midazolam compared to placebo for sedation before procedures

Patient or population: children requiring sedation before micturating cystourethrograms and Kirschner wire removal and adults undergoing flexible sigmoidoscopy
Settings: X-ray department in Turkey, orthopaedic outpatient department in UK and endoscopy suite in USA

Intervention: oral midazolam

Comparison: placebo

Outcomes Illustrative comparative risks* (95% ClI) Relative effect  No of Partici- Quality of the Comments
(95% Cl) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Placebo Midazolam
Level of seda- 99 moderatel Reported that level of sedation became statis-
tionon a se- tically significantly different at 10 minutes af-
dation assess- (1) ter administration of medication but mean and

ment scale standard deviations for midazolam and place-
bo group level of sedation were not reported in
the article. Scores ranged from 0 = awake to 3 =
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asleep, responsive only to direct verbal or phys-
ical stimulus.

Numericrating The mean rat- The mean anxiety score 176 very low?2 We did not conduct meta-analysis because of
of anxiety or ing of anxi- in Kuganeswaran 1999 (3) clinical heterogeneity (children and adults un-
rated as anx- ety in the Ku- (99 participants) was dergoing different procedures).
ious ganeswaran 2.52 lower
1999 trial was
4.2 (minimum score 0, max-
imum score 10; higher
The mean rat- score indicates greater
ing of anxiety anxiety)
in Templeton
2010 was 2.6 The mean anxiety score
in Templeton 2010 (42
The mean rat- participants) was 0.90
ing of anxiety lower
in Akil 2005 was
52.8 (minimum score 0, max-
imum score 8; higher
score indicate greater
anxiety)
The mean anxiety score
in Akil 2005 (35 partici-
pants) was 5.20 lower
(on the Spielberger's
Trait Anxiety Inventory)
Incomplete 179 very low3 We did not conduct meta-analysis because of
procedure clinical heterogeneity (children and adults un-
(3 studies) dergoing different procedures). There was one
incomplete procedure in the midazolam group
in one of the three trials that reported on this
outcome.
Anterograde No studies reported on this outcome
amnesia (de-
fined by num-
ber of partici-
pants who re-
called the pro-
cedure)
Disinhibition No studies reported on this outcome

or excitation
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Discom- 99 moderatel Statistically significant reduction in discom-
fort/Pain fort/pain (mean 2.56 (SD 0.49) in midazolam
(1 study) group; mean 4.62 (SD 1.49) in placebo group;

P <0.005; scores ranged from 0 to 10; higher
score indicated more pain).

Allergic or ana- No studies reported on this outcome
phylactoid re-
action

*The basis for the assumed risk is the control group risk across studies or the average risk for pooled data and the control group risk for single studies. The corresponding
risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
Cl: Confidence interval; RR: Risk ratio.

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

(ma1nay) saanpadoad 210424 UOIIEP3S 10} WIR|OZRPIN

1Downgraded one level due to concerns about study limitations.
2Downgraded three levels due to very serious concerns about study limitations, inconsistency and imprecision.
3Downgraded three levels due to concerns about study limitations and very serious concerns about imprecision.

Summary of findings 5. Intranasal midazolam compared to placebo for sedation before procedures

Intranasal midazolam compared to placebo for sedation before procedures

Patient or population: Children requiring sedation before voiding cystourethrograms and adults undergoing MRI
Settings: Medical imaging departments in Germany and Sweden

Intervention: intranasal midazolam

Comparison: placebo

Outcomes Illustrative comparative risks* Relative effect  No of Partici- Quality of the Comments
(95% Cl) (95% ClI) pants evidence
(studies) (GRADE)
Assumed risk Corresponding
risk
Placebo Intranasal mi-
dazolam
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Level of sedation 54 moderatel Deeper level of sedation was observed in the mi-
on a sedation as- dazolam group (mean 3.15 (SD 0.36) in midazolam
sessment scale (1 study) group; mean 2.56 (SD 0.64) in placebo group; P <

0.001). Level of sedation measured 15 minutes after
medication by one of the authors using a five-point
sedation scale (1 = agitated, non-co-operative; 2 =
alert, restless; 3 = calm, eyes spontaneously open; 4
=drowsy, responds to minor stimulation; 5 = asleep,
rousable but does not respond to minor stimula-

tion).

Numeric rating of 54 moderatel Reduction in a numerical rating of anxiety among

anxiety or rated participants who received midazolam prior to mag-

as anxious (1 study) netic resonance imaging procedure (mean 17.3 (SD
18.58) in midazolam group; mean 49.3 (SD 29.46) in
placebo group; P <0.001). Numerical rating of anxi-
ety measured 15 minutes after medication on a Visu-
al Analogue Scale of Anxiety comprised an undivid-
ed 100-mm line, with 0 meaning “l am not anxious at
all,” and 100 meaning “I am extremely anxious.”

Incomplete proce- 81 per 1000 11 per 1000 RR0.14 149 low?2

dure (2to091) (0.02t01.12) (2 studies)

Anterograde am- No studies reported on this outcome

nesia (defined by

number of par-

ticipants who re-
called the proce-
dure)

Disinhibition or No studies reported on this outcome
excitation

Discomfort/pain No studies reported on this outcome

Allergic or ana- No studies reported on this outcome
phylactoid reac-
tion

*The basis for the assumed risk is the control group risk across studies or the average risk for pooled data and the control group risk for single studies. The corresponding
risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
Cl: Confidence interval; RR: Risk ratio.

GRADE Working Group grades of evidence
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High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1Downgraded two levels due to concerns about study limitations.
2Downgraded two levels due to concerns about study limitations and imprecision.
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BACKGROUND

Midazolam is used for sedation before diagnostic and therapeutic
medical procedures. It is an imidazole benzodiazepine that
has depressant effects on the central nervous system (CNS)
with rapid onset of action, good effectiveness and few adverse
effects. The drug can be administered by several routes including
oral, intravenous, intranasal and intramuscular. We compare the
effectiveness of midazolam versus placebo and other sedatives.

Description of the condition

The major goal of premedication is to provide sedation and
anxiolysis in order to facilitate therapeutic and diagnostic
interventions. The characteristics of midazolam are that it has a
rapid onset of action, short duration of sedation and low toxicity.

Description of the intervention

Midazolamis one of the most commonly used sedative medications
for surgical and non-surgical procedures. It is currently indicated
for sedation, anxiolysis and amnesia preoperatively and during
procedures, including ventilation of critically-ill patients; as a co-
induction agent; and as a supplement to nitrous oxide and oxygen.

Flumazenil is a benzodiazepine antagonist that can be used to
rapidly reverse the sedative and other CNS effects of midazolam.

How the intervention might work

Midazolam has a fast recovery time and is used as premedication
for many procedures including colonoscopy (Lazaraki 2007);
gastrointestinal endoscopy (Fakheri 2010); magnetic resonance
imaging (Hollenhorst 2001); and flexible bronchoscopy (Rolo 2012).
The anterograde amnesic property of midazolam may be useful
for premedication before a procedure, to reduce any associated
unpleasant memories (Riss 2008). The disadvantages of midazolam
include drug interactions, tolerance, and withdrawal syndrome, as
well as adverse events including cognitive impairment (Riss 2008).
There is also the possibility that midazolam-induced anterograde
amnesia may be viewed by some patients as undesirable.

Why it is important to do this review

Midazolam is used for sedation before procedures in a wide range
of medical specialties. These include gastroenterology, respiratory
medicine, gynaecology, cardiology and radiology. As midazolam is
often not the only drug used for procedural sedation, it isimportant
to determine if there are any relevant clinical differences between
the effects of midazolam and other drugs. It may also be important
to determine whether clinicians choose different medications
according to patient characteristics (age, weight, gender), or if
medication choiceisinfluenced by the type of procedure or context.
To our knowledge, no systematic review has been done on the use
of midazolam for sedation prior to procedures. Our review aims to
fill this gap.

OBJECTIVES

To determine the evidence on the effectiveness of midazolam for
sedation when administered before a procedure (diagnostic or
therapeutic).

METHODS

Criteria for considering studies for this review
Types of studies

We included randomized controlled trials (RCTs) in which
midazolam was used for sedation before a procedure (diagnostic
or therapeutic). We included studies irrespective of language and
publication status. We excluded prospective cohort studies and
quasi-randomized studies.

Types of participants

We included participants of any age (adults and children) who were
undergoing a procedure preceded by sedation. We excluded any
participants undergoing dental procedures, because a Cochrane
review has been published about sedation with midazolam
specifically in that setting (Lourenco-Matharu 2012).

Types of interventions

We included midazolam by any route, at any dose or time,
administered before a procedure. Participants who received a
placebo before a procedure constituted the control group. We also
included studies that compared midazolam with another drug for
sedation before a procedure. We performed a separate analysis for
each different drug comparison (for example, midazolam versus
sedative A; midazolam versus sedative B).

We excluded studies that simultaneously compared different
drugs and different routes (for example, intranasal midazolam
plus intravenous sedative A versus intranasal sedative A plus
intravenous midazolam; intravenous midazolam versus intranasal
sedative A). We excluded studies where dexmedetomidine was the
comparator, as there is another Cochrane review about sedation for
this medication (Shailaja 2013).

Types of outcome measures

Primary outcomes

Effective sedation corresponding to adequate sedation level,
anxiolysis, ability to complete proposed procedure. This was
evaluated by:

1.1. Level of sedation on a sedation assessment scale;

1.2. Numeric rating scale of anxiety or number of participants rated
as anxious;

1.3. Vital signs (heart rate, blood pressure, respiratory rate, and
oxygen saturation);

1.4. Tolerance of procedure or participant co-operation (as defined/
measured by the authors of the trial);

1.5. Participant or proceduralist satisfaction (as defined/measured
by the authors of the trial);

1.6. Proportion of incomplete procedures or where there was
difficulty performing the procedures.

Secondary outcomes

2.1. Duration of sedation;

2.2. Onset time of sedation;

Midazolam for sedation before procedures (Review)
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2.3. Offset time of sedation;

2.4. Anterograde amnesia (defined by number of participants who
recalled the procedure);

2.5. Oversedation (as defined/measured by the authors of the trial);
2.6. Disinhibition or excitation;

2.7. Quality of recovery (as defined/measured by the authors of the
trial);

2.8. Discomfort/pain (as defined/measured by the authors of the
trial);

2.9. Allergic or anaphylactoid reactions;
2.10. Sedation reversal.

Search methods for identification of studies
Electronic searches

We searched the Cochrane Central Register of Controlled Trials
(CENTRAL) to January 2016, MEDLINE in Ovid (1966 to January
2016) and Ovid EMBASE (1980 to January 2016).

We combined the sensitive strategies described in Section 6.4
of theCochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011) to search for RCTs in MEDLINE and EMBASE.

We searched CENTRAL using the terms given in Appendix 1. We
adapted our MEDLINE search strategy (Appendix 2) to reflect
the subject headings found in the thesauri used by EMBASE
(Appendix 3). We used the free-text terms in all databases and in
combination with subject headings when thesauri are acomponent
of a database.

We imposed no language restrictions.

Searching other resources

For ongoing trials, we searched the following databases on 13th
July 2015: metaRegister of Controlled Trials (www.controlled-
trials.com/mrct) and Clinical Trials (clinicaltrials.gov). We also
screened the reference lists of all eligible trials and reviews.

Data collection and analysis
Selection of studies

We screened all titles and abstracts for eligibility. Two authors (AC
and JR) independently performed this screening (see Appendix 4
for a copy of the study selection form). We resolved disagreements
by discussion to decide on trial inclusion. In the case of insufficient
published information to make a decision about inclusion, we
attempted to contact the first author of the relevant trial. We
compiled a list of eligible trials, each with a unique identifier on a
'Form for eligible trials' (see Appendix 5).

Data extraction and management

Two authors (AC and JR) independently extracted data onto a paper
form. A copy of this paper form is in Appendix 6. We resolved
discrepancies by discussion. AC attempted to contact an author of
the relevant trial if we required additional information.

Assessment of risk of bias in included studies

Two authors (AC and JR) independently assessed the
methodological quality of the eligible trials. We resolved
disagreements by discussion.

We performed 'Risk of bias' assessment using the 'Risk of bias' tool
as described in Chapter 8 of the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011) and by Jiini 2001. A copy of
the form we used for thisis in Appendix 7.

We assessed each trial according to the quality domains of
random sequence generation, allocation concealment, blinding
of participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and any other
potential threats to validity.

We considered a trial as having a low risk of bias if we assessed
all domains as adequate. We considered a trial as having a high
risk of bias if we assessed one or more domains as inadequate or
unclear. We planned to conduct sensitivity analyses to determine
whether excluding studies at high risk of bias affected the results of
the meta-analysis.

We reported the 'Risk of bias' table as part of the Characteristics of
included studies table, and present 'Risk of bias' summary figures
that detail all of the judgements made for allincluded studies in the
review.

Measures of treatment effect

For dichotomous variables, we calculated the risk ratio (RR). For
continuous variables, we calculated the mean difference (MD) when
studies reported their results through the same variables measured
with the same instruments (same units of measurement). When
continuous data were related to the same aspect in the participants
but were measured with different instruments (and did not have
an interchangeable unit of measurement) we pooled them using
the standardized mean difference (SMD). We calculated the 95%
confidence interval (Cl) as the measure of variance for all statistical
methods.

Unit of analysis issues

To avoid unit of analysis issues, we planned to consider repeated
observations as separate outcomes and group them accordingly for
analysis (Morao 2011). However, the trials included in the review
reported the change in time-separated observations (such as the
change in oxygen saturation from before to after the administration
of sedation), so we were unable to do this (Differences between
protocol and review). We sought pre-cross-over data for trials that
used a cross-over design.

Dealing with missing data

If trials did not report withdrawals, we assumed there were none.
We used an available-case analysis as the default for meta-analysis
and we also considered sensitivity analysis using best-case (all
participants who withdrew did not experience the event) and worst-
case (all participants who withdrew did experience the event)
scenarios for any missing data. No outcomes measured with
continuous variables had missing data that needed to be included
in the meta-analyses.

Midazolam for sedation before procedures (Review)
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Assessment of heterogeneity

We assessed the clinical heterogeneity of included trials as:

« clinical diversity (e.g. different types of procedures, different
forms of midazolam administration, participants' ages, etc.);

« methodological diversity ('Risk of bias' assessment);

« statistical heterogeneity (a manifestation of clinical or
methodological diversity, or both, among the trials).

We assessed statistical heterogeneity with the I? statistic, thereby
estimating the percentage of total variance across studies due to
heterogeneity rather than chance (Higgins 2002). We considered an
12 statistic value greater than 50% as considerable heterogeneity or
if the Chi? test was significant (see Data synthesis).

Assessment of reporting biases

As per the original protocol, we planned to assess publication bias
and small-study effects using a funnel plot if there were 10 or more
studies included in the meta-analysis (Mordo 2011). However, we
did not perform this analysis because fewer than 10 studies were
included in each meta-analysis.

Data synthesis

We generated meta-analytic estimates for outcomes reported
by two or more studies. We performed the analysis using
Review Manager 5 software (Review Manager 2014). Because the
population is varied, we included all types of procedures. Due
to this variation, the intervention effect could have varied across
the different studies. We therefore expected that a random-effects
model would be suitable for the meta-analyses. However, a smaller
value of the I? statistic (less than 50%) prompted consideration
of the use of a fixed-effect model. We performed all analyses
according to the intention-to-treat (ITT) principle.

Subgroup analysis and investigation of heterogeneity

We planned to perform subgroup analyses for age (children,
adults (16 years of age or older)), type of procedure (diagnostic,
therapeutic) and medical specialty (surgical, non-surgical) (Mordao

2011). However, there was not enough evidence to conduct any
subgroup analysis.

Sensitivity analysis

We planned to perform sensitivity analyses by trials with a low risk
of bias versus moderate or high risk of bias (Morao 2011). However,
we rated most studies to be of either low or very low quality, and
this was not appropriate.

'Summary of findings' table

We used the principles of the GRADE system (Guyatt 2008) to assess
the quality of the body of evidence associated with the following
specific outcomes: level of sedation on a sedation assessment
scale; numerical rating of scale of anxiety or number of participants
rated as anxious; incomplete procedures; anterograde amnesia
(recalled procedures); disinhibition or excitation; discomfort/pain;
allergic or anaphylactoid reactions; and we constructed 'Summary
of findings' tables using the GRADE software.

The GRADE approach appraises the quality of a body of evidence
based on the extent to which one can be confident that an
estimate of effect or association reflects the item being assessed.
The quality of a body of evidence is based on within-study risk
of bias (methodologic quality), the directness of the evidence,
heterogeneity of the data, precision of effect estimates and risk
of publication bias. The GRADE approach specifies four levels
of quality (high, moderate, low, very low). The highest quality
rating is for randomized trial evidence and the lowest is for triple-
downgraded randomized trials, downgraded observational studies
or case series and case reports.

RESULTS

Description of studies
Results of the search

Figure 1 summarizes the search results to January 2016. The
searches identified 4033 hits. We retrieved 163 papers for
consideration and included 30 trials in this review.
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Figure 1. Study flow diagram.
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Included studies

We include 30 trials with 2319 participants (Characteristics of
included studies) that compared midazolam via the intravenous,
oral and intranasal routes of administration, either to placebo or to
another medication for sedation before a procedure. The included
trials were conducted in both adult and paediatric populations.
16 trials enrolled participants having gastrointestinal endoscopy
procedures (Bell 1988; Bhalla 2006; Bianchi Porro 1988; Cole
1983; Cérdova 1992; Fakheri 2010; Gilvarry 1990; Kuganeswaran
1999; Lavies 1988; Lazaraki 2007; Lee 1989; Sainpy 1984; Takrouri
1988; Tolia 1990; Whitwam 1983; Yuno 1996) and there were
three trials involving bronchoscopy (Aktogu 1994; Korttila 1985;
Rolo 2012). Diagnostic imaging was performed in five trials
(Akil 2005; D'Agostino 2000; Hollenhorst 2001; Stokland 2003,
Wheeler 2001), one trial (Coll-Vinent 2003) was conducted with
participants undergoing cardioversion, and another (De Alencar
2010) for participants undergoing minor office-based plastic
surgery. Four trials were conducted with children undergoing
minor procedures that required motion control, including lumbar
puncture (Derakhshanfar 2013), suturing (Everitt 2002; Younge
2001) and Kirschner wire removal (Templeton 2010).

There was geographic variability across the included trials.
Trials were performed in the United Kingdom (Gilvarry 1990;
Templeton 2010; Whitwam 1983; Younge 2001), USA (Cole 1983;
D'Agostino 2000; Kuganeswaran 1999; Lavies 1988; Tolia 1990;
Wheeler 2001), Turkey (Akil 2005; Aktogu 1994), India (Bhalla
2006), Italy (Bianchi Porro 1988), Spain (Coll-Vinent 2003), Mexico
(Cordova 1992), Brazil (De Alencar 2010), Iran (Derakhshanfar 2013;
Fakheri 2010), Australia (Everitt 2002), Germany (Hollenhorst 2001),
Finland (Korttila 1985), Greece (Lazaraki 2007), Jamaica (Lee 1989),
Portugal (Rolo 2012), France (Sainpy 1984), Sweden (Stokland
2003), Jordan (Takrouri 1988) and Japan (Yuno 1996).

Regarding the characteristics of the interventions, for intravenous
midazolam, four trials used weight-based calculation with a dose
of 0.1 mg/kg (Cérdova 1992; Korttila 1985; Sainpy 1984; Tolia 1990).
Other trials used smaller doses, including 0.07 mg/kg (Bianchi
Porro 1988; Lee 1989; Whitwam 1983), 0.06 mg/kg (Aktogu 1994)
and 0.05 mg/kg (Rolo 2012). One trial used a higher dose of 0.2
mg/kg (Coll-Vinent 2003). Other trials did not use participants'
weight to calculate doses. These trials used either 2.5 mg (Bell
1988), 5 mg (Bhalla 2006; Cole 1983;), 10 mg (Gilvarry 1990) or
15 mg (De Alencar 2010). Some trials used smaller doses for
elderly participants (Bell 1988; Bhalla 2006; Cole 1983). Other trials
reported only the mean or range of dose that was administered
instead of the planned method of titration (Lavies 1988; Lazaraki
2007; Takrouri 1988). For oral midazolam, only one trial did not
use a weight-based dose calculation (Kuganeswaran 1999). Weight-
based doses of oral midazolam used were 0.5 mg/kg (D'Agostino
2000; Derakhshanfar 2013; Wheeler 2001), 0.6 mg/kg (Akil 2005), 0.7
mg/kg (Younge 2001) and 1 mg/kg (Everitt 2002; Templeton 2010).
For intranasal midazolam, Hollenhorst 2001 used a standard dose
of 4 mg whereas Stokland 2003 used a dose of 0.2 mg/kg up to 5 mg.

The comparator arms were: intravenous diazepam in 14 trials with
1069 participants (Aktogu 1994; Bhalla 2006; Bell 1988; Bianchi
Porro 1988; Cole 1983; Cérdova 1992; Gilvarry 1990; Korttila
1985; Lavies 1988; Lee 1989; Sainpy 1984; Takrouri 1988; Tolia
1990; Whitwam 1983); intravenous placebo in five trials with
493 participants (Bhalla 2006; Fakheri 2010; Lavies 1988; Rolo
2012; Yuno 1996); intravenous etomidate in one trial with 17

participants (Coll-Vinent 2003); intravenous fentanyl in one trial
with 126 participants(Lazaraki 2007); intravenous flunitrazepam in
one trial with 86 participants (Takrouri 1988); intravenous propofol
in one trial with 17 participants (Coll-Vinent 2003); oral chloral
hydrate in four trials with 268 participants (Akil 2005; D'Agostino
2000; Derakhshanfar 2013; Wheeler 2001); oral diazepam in two
trials with 122 participants (De Alencar 2010; Everitt 2002); oral
diazepam and clonidine in one trial with 34 participants (De Alencar
2010); oral ketamine in one trial with 59 participants (Younge
2001); oral placebo in three trials with 176 participants (Akil 2005;
Kuganeswaran 1999; Templeton 2010); and intranasal placebo two
trials with 149 participants (Hollenhorst 2001; Stokland 2003).

For three trials, we pooled two different groups, as the trials
compared midazolam with: both a placebo and with chloral hydrate
(Akil 2005); or both placebo and diazepam (Bhalla 2006; Lavies
1988). Three trials (Coll-Vinent 2003; De Alencar 2010; Takrouri
1988) compared midazolam with two different medications. One
trial compared two different doses of midazolam with another
medication (Korttila 1985). For this review, we considered only the
outcomes reported from the higher dose of midazolam used, as this
dose was comparable with the doses used in the other included
trials. Two included articles presented results from the same trial
(Bhalla 2006).

Financial support was provided by industry for two trials (Cole
1983; Kuganeswaran 1999). Yuno 1996 and Templeton 2010
reported receiving funding for their trials from non-industry
sources. No other trials reported the source of funding in their
publications.

Excluded studies

We needed to review a large number of papers in full text, as it
was unclear from the title and abstract whether or not analgesia
was administered concurrently with midazolam and whether or
not the sedation was administered intraprocedurally or just before
the procedure. We excluded 122 articles that we reviewed in full
text. A selection of 18 of these excluded articles are included in the
Characteristics of excluded studies table, to display the common
reasons for exclusion. These include intraprocedural sedation used
in addition to preprocedural sedation (Mui 2005; Muttu 2005),
the concomitant use of analgesia or other sedative medication
with midazolam (Brouillette 1989; Dere 2010; Nascimento 2007;
Salmon 1992; Sajedi 2006; Sherry 1989; Tamayo 1993), routine use
of flumazenil (Ristikankare 1999; Ristikankare 2000a; Ristikankare
2000b; Uygur-Bayramicli 2002), wrong research design (Sandler
1992; Tesoro 2007; Weinstein 2010), midazolam used in control
group if initial sedation was ineffective (Bonta 2003), and placebo
being administered by a different route to midazolam (Yildirim
2006).

Studies awaiting classification

We await more information in order to classify a further 10 studies
(Characteristics of studies awaiting classification). We attempted
to contact the authors of four of them (Bardhan 1984; Green 1984;
Ogden 1993; Theroux 1993) to clarify details but we either could not
locate their current contact details or we did not receive a response
from the authors. The remaining six studies awaiting classification
still require data extraction because they were not published in
English (Frisancho 1996; Mendes 1986; Mignonsin 1994; Miinte
2002; Thakur 2003; Wild 1988).
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Ongoing studies trials are in the Characteristics of included studies tables. The
overall risk of performance bias and detection bias was low for
50% of included trials. For randomization sequence generation and
allocation concealment the quality assessment yielded low risk of
bias for approximately 25% or less of the included trials. The risk of
attrition bias for the primary outcomes was low for more than 75%

Risk of bias in included studies of trials.

We identified three ongoing studies from our search of the
clinical trials databases that might be eligible for inclusion in
future updates of the review (NCT00563069; Puttapitakpong 2015;
NCT01925898) (see Characteristics of ongoing studies).

We present summaries of the judgements of the risk of bias of
included trials in Figure 2 and Figure 3. Details of the included

Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3. (Continued)
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Allocation

Reporting of methods used for randomization sequence generation
and allocation concealment was unclear in the majority of trials.
As such, it is unclear as to the impact that potential selection bias
might have on the estimates of the effects.

Blinding

Overall, there was a low risk of bias from blinding, due to the
double-blinded design used for most trials.

Incomplete outcome data

The trials were generally of short duration in an environment that
was conducive to a low attrition rate for intra- and post-procedural
data that were collected before the participant was discharged. As
such, there is low risk of attrition bias for the primary outcomes
set for this review. However, one trial (Everitt 2002) reported high
attrition rates for the 'quality of recovery' outcome, which was
measured with a post-discharge survey, meaning thereis a high risk
of attrition bias, but only for this secondary outcome.

Selective reporting

We found no definite evidence of selective reporting. However,
we did not seek trial protocols because most included trials were
published prior to the establishment of clinical trial registries. It is
therefore unclear whether the outcomes infrequently reported or
absent from the included trials, such as allergic or anaphylactoid
reactions and sedation reversal, were collected but not reported.

Other potential sources of bias

We did not identify any other definite source of potential bias.

Effects of interventions

See: Summary of findings for the main comparison Intravenous
midazolam compared to diazepam for sedation before procedures;
Summary of findings 2 Intravenous midazolam compared to

placebo for sedation before procedures; Summary of findings 3
Oral midazolam compared to chloral hydrate for sedation before
procedures; Summary of findings 4 Oral midazolam compared
to placebo for sedation before procedures; Summary of findings
5 Intranasal midazolam compared to placebo for sedation before
procedures

Intravenous midazolam versus diazepam (comparison 1,
outcomes 1.1to 1.6 and 2.1 t0 2.10)

Intravenous midazolam was compared with diazepam in 14 trials
in 1069 participants (Aktogu 1994; Bhalla 2006; Bell 1988; Bianchi
Porro 1988; Cole 1983; Cérdova 1992; Gilvarry 1990; Korttila 1985;
Lavies 1988; Lee 1989; Sainpy 1984; Takrouri 1988; Tolia 1990;
Whitwam 1983). We present the doses of midazolam and diazepam
that were used in each of these trials in Table 1.

Primary outcomes
Outcome 1.1. Level of sedation on a sedation assessment scale

One trial with 75 participants (Takrouri 1988) reported on the
difference in level of sedation on a sedation assessment scale.
The midazolam group were given a mean dose of 5.8 mg and the
diazepam group a mean dose of 5 mg. The mean level of sedationin
the midazolam group was 3.2 and the mean level of sedation in the
diazepam group was 2.7 on a scale that ranged from 0 to 4 (higher
scores indicating more sedation). No effect estimate was reported
in the trial.

Outcome 1.2. Numeric rating scale of anxiety or number of
participants rated as anxious

Two trials (175 participants) reported on this outcome, with 91
(52%) receiving midazolam and 84 (48%) diazepam (Takrouri 1988;
Whitwam 1983). Twelve participants (13.2%) receiving midazolam
were rated as anxious compared to 14 (16.7%) receiving diazepam
(RR 0.80, 95% Cl 0.39 to 1.62, 1> = 0%; Analysis 1.1). In Takrouri
1988, both groups were given a similar mean dose of sedative
medication (midazolam 5.8 mg; diazepam 5 mg). In Whitwam 1983,
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the midazolam group was given a dose of 0.07 mg/kg and the
diazepam group was given 0.15 mg/kg.

Outcome 1.3. Vital signs

The differencein vitals signs between the midazolam and diazepam
groups could not be combined in a meta-analysis due to disparities
in how they were reported. In a trial of 170 participants, a 5 mg
(or 3 mg if older than 65) dose of sedative medication was given
to both the midazolam and diazepam groups (Bhalla 2006). They
found no difference between groups in oxygen desaturation (35/85
in midazolam group; 29/85 in diazepam group), minimum oxygen
saturation (mean 90.7 (SD 3.9) in midazolam group; mean 90.8
(SD 3.15) in diazepam group), tachycardia (15/85 in midazolam
group; 10/85 in diazepam group), bradycardia (no events in either
group) or hypertension (2/85in midazolam group; 2/85in diazepam
group). Bell 1988 reported a difference between groups in the
change in oxygen saturation post-sedation (mean 3.5 (SD 2.07) in
midazolam group; mean 2.8 (SD 3.7) in diazepam group; P <0.001)
in their trial of 102 participants (doses used were: midazolam 2.5
mg or 1 mg for elderly, diazepam 5 mg or 2.5 mg for elderly).
In a smaller trial with 40 participants, Cole 1983 identified that
the change in respiration rate was greater after administration of
midazolam compared with diazepam (mean 1.7 (SD 0.7) in the 19
participants randomized to midazolam compared with mean 3.9
(SD 0.8) in the 21 participants randomized to midazolam) but there
was no difference between groups for the change in heart rate
(mean 3.3(SD 1.6) in midazolam group; mean 4.6 (SD 2) in diazepam
group) or diastolic blood pressure (mean -3.7 (SD 1.9) in midazolam
group; mean 1.5 (SD 1.9) in diazepam group). The doses used in
both groups were a 5 mg bolus with 2.5 to 3.75 mg increments at
30- to 60-second intervals as required with half doses for elderly
(Cole 1983). In a similar-sized trial (46 participants), Bianchi Porro
1988 reported that systolic blood pressure (mean 116.1 (SD 26.5)
in midazolam group; mean 129.1 (SD 14.8) in diazepam group) and
diastolic blood pressure (mean 83.7 (SD 10.7) in midazolam group;
mean 85.4 (SD 9.3) in diazepam group) was similar between groups.
The midazolam group was given a dose of 0.07 mg/kg and the
diazepam group was given 0.15 mg/kg in this trial.

Outcome 1.4. Tolerance of procedure or participant co-operation

Five trials (Lee 1989; Bhalla 2006; Takrouri 1988; Tolia 1990;
Whitwam 1983) including 486 participants reported on this
outcome, with 247 (51%) receiving midazolam and 239 (49%)
diazepam. Forty-eight participants (19%) who received midazolam
were deemed 'not co-operative' in comparison with 55 (23%) in the
diazepam group (RR 0.96, 95% Cl 0.53 to 1.72; I = 63%; Analysis
1.2). The dosing strategy differed between these trials, which may
account for the considerable degree of inconsistency observed for
this result (Table 1).

Outcome 1.5. Participant or proceduralist satisfaction

Two trials (Cole 1983; Korttila 1985) with 91 participants reported
proceduralist satisfaction and participant satisfaction using a scale
from 0 to 100, with higher scores equating to better satisfaction.
Higher doses of midazolam than diazepam were used in both of
these trials (Table 1). Meta-analysis of participant satisfaction (MD
2.17,95% CI -0.51 to 4.85; |2 = 12%; Analysis 1.3) and proceduralist
satisfaction (MD 1.09, 95% CI -10.43 to 12.60; Analysis 1.4) was not
statistically significantly different between the midazolam group
(43 participants; 47%) and the diazepam group (48 participants;
53%).

Outcome 1.6. Incomplete procedures/difficulty performing procedures

Meta-analysisof results from three trials (Lee 1989; Takrouri 1988;
Whitwam 1983) for the number of procedures rated as 'difficult to
perform' revealed no important difference between the midazolam
group (procedures for 23 of 144 participants were difficult to
perform) and the diazepam group (procedures for 32 of 133
participants were difficult to perform) (RR 0.66, 95% CI 0.41 to 1.07;
12 = 0%; Analysis 1.5). The dosing strategies differed between these
trials (Table 1).One trial with 170 participants, where both groups
received the same dose of midazolam or diazepam (5 mg, or 3 mg
for elderly participants), reported that there were no incomplete
procedures in either group (Bhalla 2006).

Secondary outcomes
Outcome 2.1. Duration of sedation

Three trials with 224 participants reported on the duration of
sedation using different definitions (Cérdova 1992; Sainpy 1984,
Whitwam 1983). For this reason, we did not conduct meta-analysis.
The dose of midazolam was lower than the diazepam dose in all
three trials (Table 1). Cérdova 1992, with 60 participants, reported
that there was a reduction in minutes until recovery (mean 16
minutes (SD 8) in midazolam group; mean 35 minutes (SD 19) in
diazepam group; P < 0.01). The other two trials did not identify
a difference in duration of sedation between groups. The mean
duration of sedation recovery (measured in minutes until sense
of direction and temporospatial recovery) in the 32 participants
randomized to midazolam in Sainpy 1984 trial was 24.9 minutes (SD
14.4) compared with 25.2 minutes (SD 14.9) for the 32 participants
randomized to diazepam. In Whitwam 1983, the mean duration
of sedation recovery (time in minutes until ready for discharge)
was 75.3 minutes (SD 23.2) for the 50 participants randomized
to midazolam compared with 76.4 minutes (SD 30.9) for the 50
participants randomized to diazepam.

Outcome 2.2. Onset time of sedation

Meta-analysis of two trials (Cole 1983; Whitwam 1983) with
140 participants (69 participants received midazolam; 50%)
demonstrated that the onset of sedation was similar for
participants who received midazolam0 (MD -1.80 minutes, 95% Cl
-3.76 to 0.16; 12 = 99%); Analysis 1.6). The high heterogeneity could
be explained by the doses of sedation used, with Cole 1983 using
the same dosing regimen for both midazolam and diazepam (5 mg)
whereas Whitwam 1983 administered 0.07 mg/kg midazolam or
0.15 mg/kg diazepam.

Outcome 2.3. Offset time of sedation

Whitwam 1983, with 100 participants, reported this outcome. There
was no clear difference between the midazolam and diazepam
groups (14.6 minutes (SD 5.7) in the midazolam group; 12.9 minutes
(SD 5.2) in the diazepam group).

Outcome 2.4. Anterograde amnesia (defined by number of participants
who recalled the procedure)

A meta-analysis of results from nine trials (Aktogu 1994; Cérdova
1992; Gilvarry 1990; Korttila 1985; Lee 1989; Sainpy 1984; Takrouri
1988; Tolia 1990; Whitwam 1983) with 587 participants revealed
that those who received midazolam (58 of 296 participants recalled
the procedure) had greater anterograde amnesia than those who
received diazepam (140 of 291 participants recalled the procedure)
(RR 0.45, 95% Cl 0.30 to 0.66; downgraded to low-quality evidence
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due to concerns about study limitations and inconsistency; I
= 65%; Analysis 1.7). It should be noted that two participants
randomized to the midazolam group in Tolia 1990 withdrew,
which meant that there were missing data for this outcome.
Sensitivity analysis using best-case and worst-case scenarios did
not significantly change the result.

Outcome 2.5. Oversedation

One participant in the midazolam group of Whitwam 1983, with
100 participants, was rated as being oversedated compared with no
participants in the diazepam group.

Outcome 2.6. Disinhibition or excitation

No trials reported this outcome for the intravenous midazolam
versus diazepam comparison.

Outcome 2.7. Quality of recovery

Three trials (Cole 1983; Korttila 1985; Takrouri 1988) with 166
participants reported on quality of recovery (measured in the trials
as delayed recovery). There was no difference between those who
received midazolam (8 of 84 participants; 10%) or diazepam (13 of
82 participants; 16%) (RR0.72,95% C| 0.08 to 6.63; 1> =67%; Analysis
1.8). This result was inconsistent and imprecise, so we downgraded
the evidence that informed this outcome to low quality.

Outcome 2.8. Discomfort/pain

There was no difference in the occurrence of discomfort/pain
during the procedure between midazolam (24 of 207 participants;
12%) and diazepam (42 of 208 participants; 20%) in a meta-analysis
of five trials (Cole 1983; Lee 1989; Bhalla 2006; Sainpy 1984; Tolia
1990) with 415 participants (RR 0.60, 95% CI 0.24 to 1.49; Analysis
1.9). However, there was substantial statistical heterogeneity (I1* =
76%) and the result was imprecise.

Outcome 2.9. Allergic or anaphylactoid reactions

No trials reported this outcome for the intravenous midazolam
versus diazepam comparison.

Outcome 2.10. Sedation reversal

No trials reported this outcome for the intravenous midazolam
versus diazepam comparison.

Intravenous midazolam versus etomidate (comparison 2,
outcomes 1.1to 1.6 and 2.1 to 2.10)

We identified one trial with 17 participants that investigated the
use of midazolam versus etomidate before electrical cardioversion
(Coll-Vinent 2003). Eight participants were randomized to
midazolam and nine to receive etomidate. The doses of both
midazolam and etomidate were 0.2 mg/kg.

Primary outcomes
Outcome 1.1. Level of sedation on a sedation assessment scale

Level of sedation (measured using the Ramsay scale) was similar
between groups: median score of 6 with interquartile range 5 and
6 in both groups.

Outcome 1.2. Numeric rating scale of anxiety or number of
participants rated as anxious

No trials reported this outcome for the intravenous midazolam
versus etomidate comparison.

Outcome 1.3. Vital signs

There were no statistically significant differences in systolic blood
pressure, measured by the Kruskall-Wallis test. Median systolic
blood pressure in the midazolam group was 141 mmHg (range 99
- 165) compared with 139 mmHg in the etomidate group (range
118 - 150). One participant randomized to midazolam experienced
an oxygen desaturation event (SpO, < 90%) in comparison to four
events in the etomidate group.

Outcome 1.4. Tolerance of procedure or participant co-operation

No trials reported this outcome for the intravenous midazolam
versus etomidate comparison.

Outcome 1.5. Participant or proceduralist satisfaction

No trials reported this outcome for the intravenous midazolam
versus etomidate comparison.

Outcome 1.6. Incomplete procedures/difficulty performing procedures

No trials reported this outcome for the intravenous midazolam
versus etomidate comparison.

Secondary outcomes
Outcome 2.1. Duration of sedation

The median duration of sedation was lower in the etomidate group
compared with midazolam by 11.5 minutes, and this difference was
noted to be significantly different (P =0.05).

Outcome 2.2 Onset time of sedation

The median onset time of sedation was 30 seconds lower in
the etomidate group compared with the midazolam group. This
difference was noted to be statistically non-significant (P value for
this comparison was not reported in publication Coll-Vinent 2003).

Outcome 2.3. Offset time of sedation

The median offset time of sedation was 31 minutes lower in the
etomidate group compared with the midazolam group, and this
difference was noted to be statistically significantly (P = 0.015).

Outcome 2.4. Anterograde amnesia (defined by number of participants
who recalled the procedure)

No trials reported this outcome for the intravenous midazolam
versus etomidate comparison.

Outcome 2.5. Oversedation

No trials reported this outcome for the intravenous midazolam
versus etomidate comparison.

Outcome 2.6. Disinhibition or excitation

No trials reported this outcome for the intravenous midazolam
versus etomidate comparison.

Outcome 2.7. Quality of recovery

No trials reported this outcome for the intravenous midazolam
versus etomidate comparison.
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Outcome 2.8. Discomfort/pain

No trials reported this outcome for the intravenous midazolam
versus etomidate comparison.

Outcome 2.9. Allergic or anaphylactoid reactions

No trials reported this outcome for the intravenous midazolam
versus etomidate comparison.

Outcome 2.10. Sedation reversal

No trials reported this outcome for the intravenous midazolam
versus etomidate comparison.

Intravenous midazolam versus fentanyl (comparison 3,
outcomes 1.1 to 1.6 and 2.1 to 2.10)

Intravenous midazolam was compared with fentanyl for sedation
before colonoscopy in one trial with 126 participants (Lazaraki
2007). Mean dosage for midazolam was 4.6 mg and for fentanyl was
36 mcg.

Primary outcomes

Outcome 1.1. Level of sedation on a sedation assessment scale

No trials reported this outcome for the intravenous midazolam
versus fentanyl comparison.

Outcome 1.2. Numeric rating scale of anxiety or number of
participants rated as anxious

No trials reported this outcome for the intravenous midazolam
versus fentanyl comparison.

Outcome 1.3. Vital signs

Midazolam was associated with more oxygen desaturation, defined
as Sp0, below 90% (23/60 in midazolam group; 0/66 in fentanyl
group; P=0.001).

Outcome 1.4. Tolerance of procedure or participant co-operation

No trials reported this outcome for the intravenous midazolam
versus fentanyl comparison.

Outcome 1.5. Participant or proceduralist satisfaction

There were no differences between the groups in the effectiveness
of the sedation in terms of participant satisfaction, which was
measured in this trial as the acceptability of undergoing another
procedure with the same sedative medication (5/60 in midazolam
group; 4/66 in fentanyl group).

Outcome 1.6. Incomplete procedures/difficulty performing procedures

There were no differences between the groups in the effectiveness
of the sedation in terms of incomplete procedures (3/60 in
midazolam group; 1/66 in fentanyl group).

Secondary outcomes

Outcome 2.1. Duration of sedation

No trials reported this outcome for the intravenous midazolam
versus fentanyl comparison.

Outcome 2.2. Onset time of sedation

No trials reported this outcome for the intravenous midazolam
versus fentanyl comparison.

Outcome 2.3. Offset time of sedation

No trials reported this outcome for the intravenous midazolam
versus fentanyl comparison.

Outcome 2.4. Anterograde amnesia (defined by number of participants
who recalled the procedure)

Midazolam produced more anterograde amnesia (32/60 in
midazolam group; 66/66 in fentanyl group; P = 0.001).

Outcome 2.5. Oversedation

No trials reported this outcome for the intravenous midazolam
versus fentanyl comparison.

Outcome 2.6. Disinhibition or excitation

No trials reported this outcome for the intravenous midazolam
versus fentanyl comparison.

Outcome 2.7. Quality of recovery

No trials reported this outcome for the intravenous midazolam
versus fentanyl comparison.

Outcome 2.8. Discomfort/pain

No trials reported this outcome for the intravenous midazolam
versus fentanyl comparison.

Outcome 2.9. Allergic or anaphylactoid reactions

No trials reported this outcome for the intravenous midazolam
versus fentanyl comparison.

Outcome 2.10. Sedation reversal

There were no differences between groups in the number of
participants who required sedation reversal (no events in either

group).

Intravenous midazolam versus flunitrazepam (comparison 4,
outcomes 1.1to 1.6 and 2.1 to 2.10)

We identified one trial with 86 participants that compared
intravenous midazolam with flunitrazepam (Takrouri 1988) before
gastrointestinal endoscopy. The mean dose of midazolam was 5.8
mg and 0.65 mg for flunitrazepam. In this trial 41 participants were
randomized to midazolam and 45 participants to flunitrazepam.

Primary outcomes
Outcome 1.1. Level of sedation on a sedation assessment scale

The mean level of sedation was 0.5 higher (on a scale that ranged
from 0 to 4) in the midazolam group.

Outcome 1.2. Numeric rating scale of anxiety or number of
participants rated as anxious

No trials reported this outcome for the intravenous midazolam
versus flunitrazepam comparison.

Outcome 1.3. Vital signs

Post-sedation heart rate (mean 88 (SD 7.2) in midazolam group;
mean 92 (SD 6.3) in flunitrazepam group; P = 0.001) was lower in
participants randomized to midazolam. There was no difference
between groups for systolic blood pressure (mean 91 mmHg (SD
6.3) in the midazolam group; mean 98 mmHg (SD 10) in the
flunitrazepam group; P = 0.5) or for diastolic blood pressure (mean
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58 mmHg (SD 7) in midazolam group; mean 61 mmHg (SD 6.7) in
flunitrazepam group; P = 0.5). Mean respiration rate was similar
between groups, with 21 in the flunitrazepam group and 20 in the
midazolam group.

Outcome 1.4. Tolerance of procedure or participant co-operation

There were no differences between groups for participant co-
operation, which was measured in this trial as the number of
participants who were rated as 'not co-operative' (9/41 in the
midazolam group; 12/45 in the flunitrazepam group).

Outcome 1.5. Participant or proceduralist satisfaction

No trials reported this outcome for the intravenous midazolam
versus flunitrazepam comparison.

Outcome 1.6. Incomplete procedures/difficulty performing procedures

There were no differences between groups for difficulty performing
procedures (8/41in the midazolam group; 7/45 in the flunitrazepam

group).
Secondary outcomes
Outcome 2.1. Duration of sedation

No trials reported this outcome for the intravenous midazolam
versus flunitrazepam comparison.

Outcome 2.2. Onset time of sedation

No trials reported this outcome for the intravenous midazolam
versus flunitrazepam comparison.

Outcome 2.3. Offset time of sedation

No trials reported this outcome for the intravenous midazolam
versus flunitrazepam comparison.

Outcome 2.4. Anterograde amnesia (defined by number of participants
who recalled the procedure)

The risk of recalling a procedure was reduced in the midazolam
group (11/41 in the midazolam group; 36/45 in the flunitrazepam

group).
Outcome 2.5. Oversedation

No trials reported this outcome for the intravenous midazolam
versus flunitrazepam comparison.

Outcome 2.6. Disinhibition or excitation

No trials reported this outcome for the intravenous midazolam
versus flunitrazepam comparison.

Outcome 2.7. Quality of recovery

Recoverywas delayed in no participants randomized to midazolam,
compared with 17/45 in the flunitrazepam group.

Outcome 2.8. Discomfort/pain

No trials reported this outcome for the intravenous midazolam
versus flunitrazepam comparison.

Outcome 2.9. Allergic or anaphylactoid reactions

No trials reported this outcome for the intravenous midazolam
versus flunitrazepam comparison.

Outcome 2.10. Sedation reversal

No trials reported this outcome for the intravenous midazolam
versus flunitrazepam comparison.

Intravenous midazolam versus placebo (comparison 5,
outcome 1.1to 1.6 and 2.1 t0 2.10)

Intravenous midazolam was compared with placebo in five trials
with 493 participants (Bhalla 2006; Fakheri 2010; Lavies 1988; Rolo
2012; Yuno 1996). The doses of midazolam used are presented
in Table 2. We downgraded the evidence identified to inform the
intravenous midazolam versus placebo comparison to low quality,
dueto concerns about study limitations and imprecision (Summary
of findings 2).

Primary outcomes
Outcome 1.1. Level of sedation on a sedation assessment scale

Participants who were randomized to midazolam were more
sedated: the mean score on the Ramsay scale (1 to 6, with higher
scores indicating the participant was more sedated) was 2.77 +1.19
in the midazolam group and 1.72 + 0.50 in the placebo group) (Rolo
2012; 100 participants).

Outcome 1.2. Numeric rating scale of anxiety or number of
participants rated as anxious

One trial (Rolo 2012; 100 participants) reported that fewer
participants who received midazolam were anxious (3/50 in
midazolam group; 15/50 in placebo group).

Outcome 1.3. Vital signs

Meta-analysis of two trials (Bhalla 2006; Yuno 1996), with 207
participants (105 randomized to midazolam; 51%) revealed that
midazolam was associated with a statistically significant reduction
in the lowest recorded oxygen saturation (MD -1.50 %, 95% CI -1.77
to -1.23; 12 = 0%; Analysis 2.1). The rate of oxygen desaturation was
reported by three trials (Bhalla 2006; Fakheri 2010; Rolo 2012), with
535 participants. Forty-seven of 225 participants (21%) randomized
to midazolam experienced oxygen desaturation in comparison
to 41 of the 222 participants (18%) randomized to placebo (RR
1.12, 95% Cl 0.79 to 1.58; I*> = 0%; Analysis 2.2). Three trials (307
participants) reported on the rate of hypotension (Rolo 2012; Yuno
1996). No events occurred in either group in the Bhalla 2006
trial. One of 70 participants randomized to midazolam became
hypotensive in comparison to three of 70 participants randomized
to placebo (RR 0.43, 95% Cl 0.07 to 2.78; participants = 140; studies
=2; 12 = 0%; Analysis 2.3). Two trials (207 participants) reported on
the rate of tachycardia (Bhalla 2006; Yuno 1996). Eighteen of the 105
participants (17%) randomized to midazolam became tachycardic
in comparison to 12 of the 152 participants (8%) randomized to
placebo (RR 1.46, 95% Cl 0.74 to 2.87; I> = 0%; Analysis 2.4). Two
trials (207 participants) reported on the rate of hypertension (Bhalla
2006; Yuno 1996). Seven of the 105 participants (7%) randomized
to midazolam became hypertensive in comparison to six of the 152
participants (4%) randomized to placebo (RR 1.15, 95% Cl 0.43 to
3.13; 1= 0%; Analysis 2.5).

Outcome 1.4. Tolerance of procedure or participant co-operation

No trials reported this outcome for the intravenous midazolam
versus placebo comparison.
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Outcome 1.5. Participant or proceduralist satisfaction

Proceduralist satisfaction was greater for participants randomized
to midazolam in a trial of 40 participants (Yuno 1996): mean 0.9
(SD 0.22) for 20 participants randomized to midazolam; mean 2.7
(SD 0.22) for 20 participants randomized to placebo; P < 0.001;
measured on a four-point scale with lower scores indicating greater
satisfaction. Participant satisfaction (measured as the number of
participants reporting that they would not be willing to undergo
another procedure with the same medication) was greater in the
midazolam group (50/50 in midazolam group versus 41/50 in
placebo group; P = 0.003; Rolo 2012). Participant satisfaction was
also greater in the midazolam group of the trial of 40 participants
(Yuno 1996); mean 1.45 (SD 0.15) for 20 participants randomized to
midazolam; mean 3.1 (SD 0.16) for 20 participants randomized to
placebo; P <0.001; measured on afour-point scale with lower scores
indicating greater satisfaction.

Outcome 1.6. Incomplete procedures/difficulty performing procedure

Midazolam reduced the risk of difficulty performing the procedure
in Bhalla 2006, with 167 participants (3/85in midazolam group; 8/82
in placebo group; P =0.129).

Secondary outcomes

Outcome 2.1. Duration of sedation

No trials reported this outcome for the intravenous midazolam
versus placebo comparison.

Outcome 2.2. Onset time of sedation

No trials reported this outcome for the intravenous midazolam
versus placebo comparison.

Outcome 2.3. Offset time of sedation

No trials reported this outcome for the intravenous midazolam
versus placebo comparison.

Outcome 2.4. Anterograde amnesia (defined by number of participants
who recalled the procedure)

No trials reported this outcome for the intravenous midazolam
versus placebo comparison.

Outcome 2.5. Oversedation

No trials reported this outcome for the intravenous midazolam
versus placebo comparison.

Outcome 2.6. Disinhibition or excitation

No trials reported this outcome for the intravenous midazolam
versus placebo comparison.

Outcome 2.7. Quality of recovery

No trials reported this outcome for the intravenous midazolam
versus placebo comparison.

Outcome 2.8. Discomfort/pain

There was no difference in the number of participants who had
discomfort/pain in Bhalla 2006 (167 participants) who had upper
gastrointestinal endoscopy (3/85 in the midazolam group; 4/82 in
the placebo group; P = 0.876).

Outcome 2.9. Allergic or anaphylactoid reactions

No trials reported this outcome for the intravenous midazolam
versus placebo comparison.

Outcome 2.10. Sedation reversal

Rolo 2012 (100 participants) reported on the requirement for
sedation reversal; however, no events were reported in either
group.

Intravenous midazolam versus propofol (comparison 6,
outcomes 1.1to 1.6 and 2.1t0 2.10)

Weidentified one trial with 17 participants that investigated the use
of midazolam versus propofol before electrical cardioversion (Coll-
Vinent 2003). The midazolam group (eight participants) were given
adose of 0.2 mg/kg and the propofol group (nine participants) were
given a dose of 1.5 mg/kg.

Primary outcomes

Outcome 1.1. Level of sedation on a sedation assessment scale

Level of sedation (measured using the Ramsay scale) was similar
between groups: median score of 6 with interquartile range 5 and
6 in both groups.

Outcome 1.2. Numeric rating scale of anxiety or number of
participants rated as anxious

No trials reported this outcome for the intravenous midazolam
versus propofol comparison.

Outcome 1.3. Vital signs

There were no statistically significant differences in the vital signs
measured between groups. Median systolic blood pressure after
sedation in the midazolam group was 141 mmHg (range 99 -
165) and 120 mmHg (range 100 - 172) in the propofol group.
One participant in the midazolam group experienced oxygen
desaturation, with SpO, below 90%, and no events occurring in the
propofol group.

Outcome 1.4. Tolerance of procedure or participant co-operation

No trials reported this outcome for the intravenous midazolam
versus propofol comparison.

Outcome 1.5. Participant or proceduralist satisfaction

No trials reported this outcome for the intravenous midazolam
versus propofol comparison.

Outcome 1.6. Incomplete procedures/difficulty performing procedures

No trials reported this outcome for the intravenous midazolam
versus propofol comparison.

Secondary outcomes
Outcome 2.1. Duration of sedation

The median duration of sedation was lower in the propofol group
compared with midazolam by 13 minutes (median 21 minutes with
range from 1 - 42 minutes in midazolam group; median 8 minutes
with range from 3 - 15 minutes in propofol group; P = 0.021).
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Outcome 2.2. Onset time of sedation

The median onset time of sedation was 70 seconds lower in the
propofol group compared with midazolam (median 120 seconds in
the midazolam group; median 50 seconds in the propofol group,
with range from 30 - 100 seconds; P = 0.28).

Outcome 2.3. Offset time of sedation

The median offset time of sedation was 35 minutes lower in the
propofol group compared with midazolam (median offset time was
45 minutes with range from 20 - 60 minutes in the midazolam group;
median offset time was 10 minutes with range from 5 - 15 minutes
in the propofol group; P =0.002).

Outcome 2.4. Anterograde amnesia (defined by number of participants
who recalled the procedure)

No trials reported this outcome for the intravenous midazolam
versus propofol comparison.

Outcome 2.5. Oversedation

No trials reported this outcome for the intravenous midazolam
versus propofol comparison.

Outcome 2.6. Disinhibition or excitation

No trials reported this outcome for the intravenous midazolam
versus propofol comparison.

Outcome 2.7. Quality of recovery

No trials reported this outcome for the intravenous midazolam
versus propofol comparison.

Outcome 2.8. Discomfort/pain

No trials reported this outcome for the intravenous midazolam
versus propofol comparison.

Outcome 2.9. Allergic or anaphylactoid reactions

No trials reported this outcome for the intravenous midazolam
versus propofol comparison.

Outcome 2.10. Sedation reversal

No trials reported this outcome for the intravenous midazolam
versus propofol comparison.

Oral midazolam versus chloral hydrate (comparison 7,
outcomes 1.1t0 1.6 to 2.1 to 2.10)

Four trials (Akil 2005; D'Agostino 2000; Derakhshanfar 2013;
Wheeler2001) with 268 participants compared oral midazolam with
chloral hydrate for sedation of children (Summary of findings 3).
Doses for midazolam and chloral hydrate differed between the
trials (Table 3).

Primary outcomes
Outcome 1.1. Level of sedation on a sedation assessment scale

In one trial (Derakhshanfar 2013) with 160 participants, more
children (n =61; 76.25%) in the chloral hydrate group were rated at
the highest level of sedation compared with the midazolam group
(n =12; 15%), measured using Wheeler's sedation scale (Wheeler
2001) with scores ranging from 1 = agitated to 4 = eyes closing
spontaneously but response to minor stimuli. We downgraded the

evidence from this trial to moderate quality, due to concerns about
study limitations.

Outcome 1.2. Numeric rating scale of anxiety or number of
participants rated as anxious

Although a numerical rating of anxiety was reported in two trials
with 88 participants, we did not conduct meta-analysis because of
differences in how this outcome was measured (by children using
a numerical rating scale in D'Agostino 2000, and by parents using
the Speilberger's Trait Anxiety Inventory in Akil 2005). There was no
difference between groups in either D'Agostino 2000 (mean 1.4 (SD
2.26) in midazolam group; mean 2.5 (SD 0.97) in the chloral hydrate
group; P=0.07) orin Akil 2005 (mean 47.56 (SD 11.68) in midazolam
group; 49.39 (SD 16) in chloral hydrate group; not significant at
P < 0.05 level). We downgraded the evidence for this outcome to
very low, due to concerns about study limitation, inconsistency and
imprecision.

Outcome 1.3. Vital signs

No trials reported this outcome for the oral midazolam versus
chloral hydrate comparison.

Outcome 1.4. Tolerance of procedure or participant co-operation

Tolerance of the procedure was measured using the Frankl
behaviour rating scale (range 1 to 4, with higher scores indicating
better tolerance) in Akil 2005 with 35 participants. The difference
between groups in tolerance was not statistically significant (mean
2.25 (SD 0.86) in the midazolam group; mean 2.5 (SD 1.1) in the
chloral hydrate group; not significant at P < 0.05 level). Participant
co-operation was measured using the Houpt behavioural scale
(range 1 to 6, with higher scores indicating better co-operation)
in Akil 2005. Participant co-operation was rated better in the
midazolam group (mean 4.94 (SD 1.12) in the midazolam group;
mean 4.78 (SD 1) in the chloral hydrate group; P = 0.018).

Outcome 1.5. Participant or proceduralist satisfaction

No trials reported this outcome for the oral midazolam versus
chloral hydrate comparison.

Outcome 1.6. Incomplete procedures/difficulty performing procedures

All four trials (268 participants) included in this comparison
reported on this outcome (Akil 2005; D'Agostino 2000;
Derakhshanfar 2013; Wheeler 2001). There were 37 incomplete
procedures in the midazolam group (from 144 participants; 26%) in
comparison to seven incomplete procedures in the chloral hydrate
group (124 participants; 6%) (RR 4.01, 95% CI 1.92 to 8.40; 1> = 0%;
Analysis 3.1). We downgraded the quality of evidence to moderate,
due to concerns about study limitations.

Secondary outcomes
Outcome 2.1. Duration of sedation

No trials reported this outcome for the oral midazolam versus
chloral hydrate comparison.

Outcome 2.2. Onset time of sedation

Meta-analysis of the two trials (Derakhshanfar 2013; Wheeler 2001)
with 200 participants (105 in midazolam group; 53%) revealed
that there was no difference in the onset of sedation between
midazolam and chloral hydrate (MD 8.37 minutes, 95% CI -3.49 to
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20.23; Analysis 3.2). The results were inconsistent (I = 98%) even
though similar dosing regimens were used (Table 3).

Outcome 2.3. Offset time of sedation

There was no difference in the offset of sedation (MD -12.87
minutes, 95% Cl -63.24 to 37.50; Analysis 3.3) between midazolam
(127 participants; 55%) and chloral hydrate (106 participants; 45%)
in meta-analysis of three trials (D'Agostino 2000; Derakhshanfar
2013; Wheeler 2001) with 233 participants. There was unexplained
heterogeneity (1> =99%).

Outcome 2.4. Anterograde amnesia (defined by number of participants
who recalled the procedure)

No trials reported this outcome for the oral midazolam versus
chloral hydrate comparison.

Outcome 2.5. Oversedation

No trials reported this outcome for the oral midazolam versus
chloral hydrate comparison.

Outcome 2.6. Disinhibition or excitation

There was no difference in disinhibition or excitation between
midazolam or chloral hydrate groups in Derakhshanfar 2013 (13/67
in midazolam group; 10/70 in chloral hydrate group; P = 0.208).
No events were observed in either group in Wheeler 2001 (40
participants).

Outcome 2.7. Quality of recovery

No trials reported this outcome for the oral midazolam versus
chloral hydrate comparison.

Outcome 2.8. Discomfort/pain

No trials reported this outcome for the oral midazolam versus
chloral hydrate comparison.

Outcome 2.9. Allergic or anaphylactoid reactions

No trials reported this outcome for the oral midazolam versus
chloral hydrate comparison.

Outcome 2.10. Sedation reversal

No trials reported this outcome for the oral midazolam versus
chloral hydrate comparison.

Oral midazolam versus diazepam (comparison 8, outcomes 1.1
to 1.6 and 2.1 to 2.10)

Oral midazolam was compared with diazepam in two trials with
122 participants (De Alencar 2010; Everitt 2002). In De Alencar 2010
the midazolam group was given a 15 mg dose and the diazepam
group was given a 10 mg dose. The midazolam dose was 1.0
mg/kg (maximum 15 mg) and the diazepam dose was 0.5 mg/kg
(maximum 10 mg) in Everitt 2002.

Primary outcomes
Outcome 1.1. Level of sedation on a sedation assessment scale

More participants who received midazolam (14/17) in De Alencar
2010 were sedated to the level of 'somnolence' than the diazepam
group (3/18). In a trial with 87 participants that compared oral
midazolam with diazepam in children undergoing laceration repair,
midazolam produced higher levels of sedation, regardless of

whether sedation was rated by the investigator: mean 16 (SD 19) for
45 participants randomized to midazolam; mean 33 (SD 31) for 42
participants randomized to diazepam (Everitt 2002).

Outcome 1.2. Numeric rating scale of anxiety or number of
participants rated as anxious

No trials reported this outcome for the oral midazolam versus
diazepam comparison.

Outcome 1.3. Vital signs

Changes in vital signs one hour after the administration of sedation
were reported in one trial with 35 participants that compared
oral midazolam with diazepam administered before undergoing
blepharoplasty (De Alencar 2010). The mean change in systolic
blood pressure after administration of midazolam was -1.9 mmHg
(SD 3.06) compared with an increase of 3.8 mmHg (SD 6.77) after
administration of diazepam. The mean change in diastolic blood
pressure after administration of midazolam was -9.7 mmHg (SD
3.43) compared with an increase of 4.4 mmHg (SD 3.78) after
administration of diazepam. The mean change in heart rate after
administration of midazolam was -4.5 (SD 2.87) compared with -6.3
(SD 2.39) after administration of diazepam. The mean change in
oxygen saturation after administration of midazolam was -0.31%
(SD 0.38) compared with -1.35% (SD 1.06) after administration of
diazepam.

Outcome 1.4. Tolerance of procedure or participant co-operation

No trials reported this outcome for the oral midazolam versus
diazepam comparison.

Outcome 1.5. Participant or proceduralist satisfaction

No trials reported this outcome for the oral midazolam versus
diazepam comparison.

Outcome 1.6. Incomplete procedures/difficulty performing procedures

No trials reported this outcome for the oral midazolam versus
diazepam comparison.

Secondary outcomes
Outcome 2.1. Duration of sedation

No trials reported this outcome for the oral midazolam versus
diazepam comparison.

Outcome 2.2. Onset time of sedation

No trials reported this outcome for the oral midazolam versus
diazepam comparison.

Outcome 2.3. Offset time of sedation

No trials reported this outcome for the oral midazolam versus
diazepam comparison.

Outcome 2.4. Anterograde amnesia (defined by number of participants
who recalled the procedure)

No trials reported this outcome for the oral midazolam versus
diazepam comparison.

Outcome 2.5. Oversedation

No trials reported this outcome for the oral midazolam versus
diazepam comparison.
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Outcome 2.6. Disinhibition or excitation

No trials reported this outcome for the oral midazolam versus
diazepam comparison.

Outcome 2.7. Quality of recovery

Quality of recovery was reported in one trial (Everitt 2002).
More children were reported to be drowsy after discharge in the
midazolam group (18/35 compared with 10/31; P = 0.032).

Outcome 2.8. Discomfort/pain

No trials reported this outcome for the oral midazolam versus
diazepam comparison.

Outcome 2.9. Allergic or anaphylactoid reactions

No trials reported this outcome for the oral midazolam versus
diazepam comparison.

Outcome 2.10. Sedation reversal

No trials reported this outcome for the oral midazolam versus
diazepam comparison.

Oral midazolam versus diazepam and clonidine (comparison 9,
outcomes 1.1to0 1.6)

Oral midazolam was compared with a combination of diazepam
and clonidine in one trial with 34 participants (De Alencar
2010). Seventeen participants were randomized to receive 15 mg
midazolam and 17 participants to receive 10 mg diazepam with 0.15
mg clonidine.

Primary outcomes
Outcome 1.1. Level of sedation on a sedation assessment scale

Level of sedation was measured using the Michigan University
Scale, with a range in scores from 0 = awake to 4 = unrousable
to stimuli. Measures of central tendency were not reported in the
article.

Outcome 1.2. Numeric rating scale of anxiety or number of
participants rated as anxious

No trials reported this outcome for the oral midazolam versus
diazepam and clonidine comparison.

Outcome 1.3. Vital signs

The mean change in systolic blood pressure one hour after
administration of midazolam was -1.9 mmHg (SD 3.06) compared
with an increase of 5.8 mmHg (SD 4.65) after administration of
diazepam. The mean change in diastolic blood pressure after
administration of midazolam was -9.7 mmHg (SD 3.43) compared
with an increase of 6.1 mmHg (SD 2.54) after administration of
diazepam. The mean change in heart rate after administration of
midazolam was -4.5 (SD 2.87) compared with -9.2 (SD 1.98) after
administration of diazepam. The mean change in oxygen saturation
after administration of midazolam was -0.31% (SD 0.38) compared
with -0.11% (SD 0.48) after administration of diazepam.

Outcome 1.4. Tolerance of procedure or participant co-operation

No trials reported this outcome for the oral midazolam versus
diazepam and clonidine comparison.

Outcome 1.5. Participant or proceduralist satisfaction

No trials reported this outcome for the oral midazolam versus
diazepam and clonidine comparison.

Outcome 1.6. Incomplete procedures/difficulty performing procedures
No trials reported this outcome for the oral midazolam versus
diazepam and clonidine comparison.

Secondary outcomes

None of the secondary outcomes were reported by the included
trials.

Oral midazolam versus ketamine (comparison 10, outcomes
1.1to 1.6 and 2.1. to0 2.10)

Younge 2001 compared 0.7 mg/kg oral midazolam with 10 mg/kg
oral ketamine in a RCT for sedation before laceration repair in 59
children.

Primary outcomes

Outcome 1.1. Level of sedation on a sedation assessment scale

Children who received ketamine were more deeply sedated
(median score 2 versus 3 (lower score = deeper sedation)).

Outcome 1.2. Numeric rating scale of anxiety or number of
participants rated as anxious

No trials reported this outcome for the oral midazolam versus
ketamine comparison.

Outcome 1.3. Vital signs

There was no significant difference between the medications for
oxygen desaturation (2/29 in midazolam group; 1/30 in ketamine
group).

Outcome 1.4. Tolerance of procedure or participant co-operation

No trials reported this outcome for the oral midazolam versus
ketamine comparison.

Outcome 1.5. Participant or proceduralist satisfaction

No trials reported this outcome for the oral midazolam versus
ketamine comparison.

Outcome 1.6. Incomplete procedures/difficulty performing procedures

No trials reported this outcome for the oral midazolam versus
ketamine comparison.

Secondary outcomes
Outcome 2.1. Duration of sedation

No trials reported this outcome for the oral midazolam versus
ketamine comparison.

Outcome 2.2. Onset time of sedation

No trials reported this outcome for the oral midazolam versus
ketamine comparison.

Outcome 2.3. Offset time of sedation

No trials reported this outcome for the oral midazolam versus
ketamine comparison.
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Outcome 2.4. Anterograde amnesia (defined by number of participants
who recalled the procedure

No trials reported this outcome for the oral midazolam versus
ketamine comparison.

Outcome 2.5. Oversedation

No trials reported this outcome for the oral midazolam versus
ketamine comparison.

Outcome 2.6. Disinhibition or excitation

Six of the 29 participants randomized to midazolam experienced
disinhibition/excitation in comparison to none of the 30
participants randomized to ketamine (P =0.01).

Outcome 2.7. Quality of recovery

No trials reported this outcome for the oral midazolam versus
ketamine comparison.

Outcome 2.8. Discomfort/pain

No trials reported this outcome for the oral midazolam versus
ketamine comparison.

Outcome 2.9. Allergic or anaphylactoid reactions

No trials reported this outcome for the oral midazolam versus
ketamine comparison.

Outcome 2.10. Sedation reversal

No trials reported this outcome for the oral midazolam versus
ketamine comparison.

Oral midazolam versus placebo (comparison 11, outcomes 1.1
to 1.6 and 2.1to0 2.10)

Three trials (Akil 2005; Kuganeswaran 1999; Templeton 2010)
with 176 participants compared midazolam administered via
the oral route with a placebo (Summary of findings 4).
Kuganeswaran 1999 was conducted in adults undergoing
outpatient sigmoidoscopy (99 participants) and used a 7.5 mg
dose of midazolam. Templeton 2010 was conducted in children
undergoing removal of Kirschner wires (42 participants) and the
20 participants randomized to midazolam received 0.2 mL/kg of
1 mg/mL midazolam oral solution. Akil 2005 enrolled children
undergoing micturating cystourethrography (35 participants). The
16 participants randomized to midazolam received a 0.6 mg/kg
maximum 15 mg) dose.

Primary outcomes
Outcome 1.1. Level of sedation on a sedation assessment scale

Kuganeswaran 1999 reported that levels of sedation became
statistically significantly different between the midazolam and
placebo groups 10 minutes after administration. However, the
actual summary statistics were not reported in the article.

Outcome 1.2. Numeric rating scale of anxiety or number of
participants rated as anxious

There was no difference in anxiety between groups in Templeton
2010 (mean 1.7 (SD 2.4) for 20 participants randomized to
midazolam; mean 2.6 (SD 2.9) for 22 participants randomized to
placebo; P = 0.216), nor in Akil 2005 (mean Spielberger's Trait
Anxiety Inventory score was 47.56 (SD 11.68) in the midazolam

group compared with mean 52.78 (SD 9.61) in placebo group; P >
0.05). In contrast, there was a statistically significant reduction in
numerical rating of anxiety in Kuganeswaran 1999 (mean 1.52 (SD
0.3) in midazolam group; mean 3.97 (SD 0.44) in placebo group; P
<0.0001).

Outcome 1.3. Vital signs

The rate of hypotension was reported in Kuganeswaran 1999. There
was no difference between groups (2/51 midazolam; 0/48 placebo).

Outcome 1.4. Tolerance of procedure or participant co-operation

Tolerance of the procedure was measured using the Frankl
behaviour rating scale (range 1 to 4, with higher scores indicating
better tolerance) in Akil 2005 with 35 participants. The difference
between groups in tolerance was not statistically significant (mean
2.25 (SD 0.86) in midazolam group; mean 2.12 (SD 1.05) in placebo
group). Participant co-operation was measured using the Houpt
behavioural scale (range 1 to 6, with higher scores indicating
better co-operation) in Akil 2005 with 35 participants. The mean
participant co-operation rating was 4.94 (SD 1.12) in the midazolam
group compared with 4.12 (SD 1.05) in the placebo group.

Outcome 1.5. Participant or proceduralist satisfaction

Participant satisfaction (measured by participants' perception
that they received inadequate sedation for their procedure) in
Kuganeswaran 1999 was superior in the midazolam group (14/51in
midazolam group; 31/48 in placebo group; P <0.05).

Outcome 1.6. Incomplete procedures/difficulty performing procedures

There were no incomplete procedures in either the midazolam or
placebo groups in either Kuganeswaran 1999 or Templeton 2010,
and only one procedure could not be completed in the midazolam
group in Akil 2005.

Secondary outcomes
Outcome 2.1. Duration of sedation

No trials reported this outcome for the oral midazolam versus
placebo comparison.

Outcome 2.2. Onset time of sedation

No trials reported this outcome for the oral midazolam versus
placebo comparison.

Outcome 2.3. Offset time of sedation

No trials reported this outcome for the oral midazolam versus
placebo comparison.

Outcome 2.4. Anterograde amnesia (defined by number of participants
who recalled the procedure)

There was no difference in anterograde amnesia between
midazolam (41/51 participants) and placebo (44/48 participants) in
Kuganeswaran 1999.

Outcome 2.5. Oversedation

No trials reported this outcome for the oral midazolam versus
placebo comparison.
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Outcome 2.6. Disinhibition or excitation

No trials reported this outcome for the oral midazolam versus
placebo comparison.

Outcome 2.7. Quality of recovery

No trials reported this outcome for the oral midazolam versus
placebo comparison.

Outcome 2.8. Discomfort/pain

Kuganeswaran 1999, conducted with 99 participants undergoing
sigmoidoscopy, reported that the administration of oral midazolam
resulted in a statistically significant reduction in discomfort/pain
compared with placebo (mean 2.56 (SD 0.49) in midazolam group;
mean 4.62 (SD 1.49) in placebo group; P < 0.005).

Outcome 2.9. Allergic or anaphylactoid reactions

No trials reported this outcome for the oral midazolam versus
placebo comparison.

Outcome 2.10. Sedation reversal

No trials reported this outcome for the oral midazolam versus
placebo comparison.

Intranasal midazolam versus placebo (comparison 12,
outcomes 1.1to0 1.6)

Two trials (149 participants) compared midazolam administered
via the intranasal route for sedation before a procedure with
placebo (Hollenhorst 2001; Stokland 2003). Hollenhorst 2001
compared intranasal midazolam with placebo in adults undergoing
magnetic resonance imaging, while Stokland 2003 was conducted
in children requiring cystourethrography.

Primary outcomes
Outcome 1.1. Level of sedation on a sedation assessment scale

A deeper level of sedation was observed in the midazolam group
(mean 3.15 (SD 0.36) in midazolam group; mean 2.56 (SD 0.64) in
placebo group; P < 0.001) in Hollenhorst 2001. We downgraded
this evidence to moderate quality, due to concerns about study
limitations arising from an unclear risk of bias from randomization
sequence generation and allocation concealment.

Outcome 1.2. Numeric rating scale of anxiety or number of
participants rated as anxious

Hollenhorst 2001 reported a marked reduction in a numericalrating
of anxiety among participants who received midazolam prior to
their magnetic resonance imaging procedure (mean 17.3 (SD 18.58)
in midazolam group; mean 49.3 (SD 29.46) in placebo group; P
< 0.001). We downgraded this evidence to moderate quality, due
to concerns about study limitations arising from an unclear risk
of bias from randomization sequence generation and allocation
concealment.

Outcome 1.3. Vital signs

No trials reported this outcome for the intranasal midazolam versus
placebo comparison.

Outcome 1.4. Tolerance of procedure or participant co-operation

No trials reported this outcome for the intranasal midazolam versus
placebo comparison.

Outcome 1.5. Participant or proceduralist satisfaction

No trials reported this outcome for the intranasal midazolam versus
placebo comparison.

Outcome 1.6. Incomplete procedures/difficulty performing procedures

One of the primary outcomes, incomplete procedures, was
reported in both of these trials (Hollenhorst 2001; Stokland 2003).
Meta-analysis of results from the 149 participants showed that
the administration of midazolam compared with placebo had no
impact on incomplete procedures (no incomplete procedures from
75 participants in midazolam group compared with six incomplete
procedures from 74 participants in placebo group; RR 0.14, 95%
Cl 0.02 to 1.12; I*> = 0%; Analysis 4.1). It should be noted that
results from a further study that is awaiting classification, which is
published in German and requires translation, is likely to have an
impact on the effect estimates, so we have downgraded the quality
of this evidence to 'low".

Secondary outcomes

None of the secondary outcomes for this comparison were reported
by the included trials.

DISCUSSION

Summary of main results

The largest amount of evidence involved the comparison of
intravenous midazolam with diazepam for endoscopic procedures
(Summary of findings for the main comparison). The administration
of intravenous midazolam produced greater anterograde amnesia,
as the risk of participants recalling the procedures was reduced
by 55% (RR 0.45, 95% CI 0.30 to 0.66; 587 participants; 9 trials;
Analysis 1.7). However, it is unclear how important anterograde
amnesia is in regard to the effectiveness of sedation, as there was
no difference in participant satisfaction between midazolam and
diazepam (MD 2.17,95% Cl -0.51 to 4.85; scale ranged from 0 to 100
with higher scores equating to better satisfaction; 91 participants;
2 trials; Analysis 1.3). We judged the quality of this evidence to be
very low or low.

Intravenous midazolam may be more effective than placebo for
procedural sedation because fewer participants were rated as
anxious (one trial; 100 participants; RR 0.20, 95% Cl 0.06 to 0.65;
Rolo 2012). However, we judged the quality of the evidence to be
low (Summary of findings 2).

Based on meta-analysis of four trials (Akil 2005; D'Agostino
2000; Derakhshanfar 2013; Wheeler 2001) with 268 participants,
midazolam was found to be inferior to chloral hydrate for
sedation before procedures in children in regard to the number
of incomplete procedures (RR 4.01, 95% Cl 1.92 to 8.40; Analysis
3.1) However, we rated the quality of the evidence as moderate
(Summary of findings 3).

In two trials (De Alencar 2010; Everitt 2002) conducted with 122
participants (results could not be combined in meta-analysis
because of differences in measurement), midazolam produced
deeper levels of sedation than diazepam when administered orally.
There were no other data reported in the trials to make a definitive
determination as to the superiority of midazolam over diazepam
in terms of pain, anxiety or the participants' satisfaction with or
tolerance of the procedures.
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The evidence for the effect of oral midazolam compared with
placebo on anxiety was inconsistent (Summary of findings 4) and
we judged it to be of very low quality, meaning that we are very
uncertain about the effect estimates.

The administration of intranasal midazolam compared with
placebo had no impact on incomplete procedures (RR 0.14, 95%
Cl 0.02 to 1.12; 149 participants; 2 trials; 1> = 0%; Analysis 4.1). It
should be noted that Hollenhorst 2001 reported a reduction in a
numerical rating of anxiety (100 mm line, with 0 meaning “I am not
anxious at all,” and 100 meaning “I am extremely anxious”) among
participants who received midazolam prior to their magnetic
resonance imaging procedure (MD -32.00, 95% Cl -45.14 to -18.86).
This result is likely due to the higher level of sedation observed
in the midazolam group (MD 0.59, 95% CI 0.31 to 0.87; measured
on a five-point scale with a higher score indicating higher level of
sedation). We downgraded this evidence to moderate quality, due
to concerns about study limitations arising from an unclear risk
of bias from randomization sequence generation and allocation
concealment (Summary of findings 5).

Overall completeness and applicability of evidence

The evidence from trials included in this review and conducted
in the 1980s and 1990s that compared midazolam with diazepam
have been superceded by more contemporary sedative regimens
that include continuous infusions of propofol or bolus doses
of benzodiazepines and opioids, which are titrated to effect
throughout the procedure (Qadeer 2005; Thomson 2010; Wang
2013).

We were not able to collect data on the primary outcome from
all the included trials. It is not clear that selective reporting of
outcomes, if present, would favour midazolam over placebo or
another medication for sedation before a procedure.

It should be noted that the participant populations were from
a range of elective, mostly adult outpatients with low risk
of anaesthesia-related adverse events (American Society of
Anesthesiology Class < Ill). The results should therefore not be
considered generalizable to people undergoing urgent procedures
or people at higher risk of adverse events.

This review cannot be used to draw conclusions about the harms
of midazolam administered for sedation before procedures. Only
allergic or anaphylactoid reactions were a prespecified outcome
and no trials reported on them. Further, as only randomized
controlled trials were included in this review, we were unable to
detect rare adverse events that are known to be associated with the
administration of sedation in large observational studies, such as
death arising from undetected respiratory depression and hypoxia.

Quality of the evidence

Incomplete reporting of trial designs led to challenges in
interpreting the risk of bias. Attrition was low, as is expected with
short-term trials of sedative medications. There were few data for
most outcomes. As such, there was considerable uncertainty in the
estimates of the effects of the interventions due to inconsistency
and imprecision. For these reasons, we downgraded the evidence
to moderate, low and very low quality for all outcomes included in
the 'Summary of findings' tables.

Potential biases in the review process

Due to relative ambiguity in the primary outcome set in the
original protocol for this review (Mordo 2011), we needed to make
decisions about the handling of the data after seeing it, which
may have introduced bias to the review process. Another potential
source of bias is that we did not seek trial protocols because
most included trials were published prior to the establishment of
clinical trial registries. It is also possible that if future trials use
alternative (either higher or lower) doses of midazolam, results may
be different from those found in the trials included in this review.
For these reasons, we have been cautious about the interpretations
of results of the evidence syntheses.

We were unable to classify 10 potentially eligible papers because
they were not published in English and we were not able to have
them translated in time (Frisancho 1996; Mendes 1986; Mignonsin
1994; Miinte 2002; Thakur 2003; Wild 1988), we could not locate
current contact details of authors (Bardhan 1984; Green 1984;
Theroux 1993) or results were published only in abstract form
and we were unable to retrieve further information from the
study authors (Ogden 1993) (Characteristics of studies awaiting
classification). Four of the unclassified studies could have been
included in the comparison of intravenous midazolam versus
diazepam (Bardhan 1984; Frisancho 1996; Green 1984; Mignonsin
1994). One of the studies could contribute further evidence
about the effectiveness of intranasal midazolam versus placebo
(Miinte 2002). Two unclassified studies compared intramuscular
midazolam with hydrocodonum for sedation before bronchoscopy
(Mendes 1986; Wild 1988). One unclassified study compared
oral midazolam with tricolofos sodium for sedation of children
undergoing echocardiography (Thakur 2003).

Agreements and disagreements with other studies or
reviews

Some results of our review are consistent with a previous meta-
analysis (McQuaid 2008), which focused only on endoscopic
procedures. McQuaid 2008 also found that midazolam has a
greater amnesic effect than diazepam undergoing endoscopic
procedures and that participants preferred to undergo procedures
with sedation rather than without. Guidelines for sedation during
endoscopy recommend that a combination of a benzodiazepine
and an opioid can be used to adequately sedate most patients
(Cohen 2006). Results of our review do not provide any evidence to
suggest otherwise.

Single-agent sedation without additional analgesia is more often
used in contemporary clinical practice for 'motion control', mainly
in children for diagnostic procedures that are not painful. It is
important to note that our results contrast with recommendations
from the National Institute of Health and Clinical Excellence in
the United Kingdom regarding the use of midazolam and chloral
hydrate for paediatric sedation during diagnostic procedures
(NICE 2010). Both of these medications are recommended in
the guidelines if sedation is required for painless diagnostic
procedures, whereas results from our meta-analysis suggest that
chloral hydrate is superior to midazolam in terms of procedural
completion. A potential reason for the disagreement is that the
trials included in our systematic review were not included in the
guidelines report (NICE 2010) even though three of the four studies
were published prior to publication of the guidelines (Akil 2005;
D'Agostino 2000; Wheeler 2001). We are unsure whether they were
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excluded from the review or were not uncovered in the literature
search strategy used by the guideline developers.

AUTHORS' CONCLUSIONS

Implications for practice

The evidence from comparison 1 (intravenous midazolam versus
diazepam) is not relevant to current clinical practice because it
has been superceded by more contemporary sedative regimens
that include continuous infusions of propofol or bolus doses
of benzodiazepines and opioids, which are titrated to effect
throughout the procedure. We do not have sufficient high-
quality evidence to determine whether midazolam produces
more effective sedation than other medications in any specific
population included in this review. Moderate-quality evidence
demonstrated that midazolam administered orally to children who
require sedation for motion control during diagnostic procedures
produced less effective sedation compared with chloral hydrate
in terms of the ability to complete procedures. For this reason,
chloral hydrate could be considered a preferred option. Patients
appear to prefer to be sedated with midazolam when undergoing a
procedure than receive no sedation at all. For this reason, sedation
with midazolam could be offered if it is clinically appropriate to do
so.

Implications for research

A focus on more contemporary anaesthetic approaches in future
systematic reviews focused on the use of midazolam for sedation
would be important in order to account for the outdated single-
agent approaches to sedation for endoscopic procedures included
in this review. Standardizing measurement and definitions for
outcomes important to the practice of sedation, such as anxiety,
would also help to strengthen the evidence base.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Akil 2005

Methods

Parallel-group single-centre randomized controlled trial conducted in Turkey

Participants

53 children requiring micturating cystourethrogram with sedation (39 girls, 14 boys; mean age of 5.8 +
3.5 years)

Interventions

Oral midazolam 0.6 mg/kg (max 15 mg) versus chloral hydrate 25 mg/kg (max 0.5 g) and placebo
(saline) 15 - 30 minutes before procedure

Outcomes Measured during procedures:
Incomplete procedures
Anxiety (measured during the procedure using Spielberger's Trait Anxiety Inventory)
Participant co-operation (measured during the procedure using Houpt behavioural scale; range 1 -6
with higher scores indicating better co-operation)
Tolerance of procedure (measured during the procedure using Frankl behaviour rating score; range 1 -
4 with higher scores indicating better tolerance)
Duration of sedation
Onset of sedation
Oversedation
Notes Conflicts of interest or funding sources were not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not reported
tion (selection bias)
Allocation concealment Unclear risk Not reported
(selection bias)
Blinding of participants High risk Not blinded
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Outcomes included in this review were not blinded - only assessment of image
sessment (detection bias) quality was performed by a blinded outcome assessor
All outcomes
Incomplete outcome data  Low risk No withdrawals
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols

porting bias)

were not sought for confirmation)
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Akil 2005 (continued)
Other bias

Low risk

None expected

Aktogu 1994

Methods

Parallel-group single-centre randomized controlled trial conducted in Turkey

Participants

32 adults undergoing bronchoscopy (mean age midazolam group 49.4 + 13.3 and diazepam group 50.9
+12.1; 50% men in both groups)

Interventions

Midazolam 0.06 mg/kg administered intravenously

Diazepam 0.15 mg/kg administered intravenously

Outcomes Measured 5 and 10 minutes after start of procedure:
Level of sedation on a sedation assessment scale (only the percentage of participants who scored in
the 'awake' rank of a sedation scale that ranged from 0 to 4 (0 = awake and 4 = reactive to pain but no
verbal communication) that was measured 5 minutes after sedation was administered)
Measured 24 hours after procedure:
Anterograde amnesia (defined by number of participants who recalled the procedure)
Notes Conflicts of interest or funding sources were not reported.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Unclear (no mention of randomization method, just a statement that partici-
tion (selection bias) pants were randomized)
Allocation concealment Unclear risk Unclear (no mention of allocation method, just a statement that participants
(selection bias) were randomized)
Blinding of participants Unclear risk Unclear (no mention)
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Only statistical analysis of the questionnaires was reported to have been per-
sessment (detection bias) formed by a blinded statistician
All outcomes
Incomplete outcome data  Low risk No withdrawals
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)
Other bias Low risk None expected
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Bell 1988

Methods Parallel-group single-centre randomized controlled trial conducted in the UK

Participants 102 adults undergoing upper gastrointestinal endoscopy (mean age midazolam group was 62.8 + 16.1
years and 65.8 + 11.5 in the diazepam group)

Interventions Intravenous midazolam 2.5 mg or 1 mg for elderly (mean 6.0 + 2.8) vs intravenous diazepam 5 mg or 2
mg for elderly (mean 11.5+6.7)

Outcomes Vital signs (change in oxygen saturation from baseline to post-sedation)
Notes Conflicts of interest or funding sources were not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not reported

tion (selection bias)

Allocation concealment Unclear risk No information
(selection bias)

Blinding of participants Unclear risk Not blinded
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not blinded
sessment (detection bias)
All outcomes

Incomplete outcome data ~ Low risk No withdrawals
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)
Other bias Low risk None expected
Bhalla 2006
Methods Parallel-group single-centre randomized controlled trial conducted in India in 2000
Participants 252 adults undergoing diagnostic or therapeutic upper gastrointestinal endoscopy. Authors stated that

there were no difference in baseline characteristics of the 3 groups

Interventions 1) Intravenous midazolam 5 mg (3 mg if older than 65)

2) Intravenous diazepam 5 mg (3 mg if older than 65)
3) Intravenous saline (placebo)

Outcomes Measured during the procedure:

Vital signs (minimum oxygen saturation)
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Bhalla 2006 (continued)

Vital signs (oxygen desaturation < 90%)

Vital signs (tachycardia defined as heart rate > 140 bpm)

Vital signs (bradycardia)

Vital signs (hypertension defined as systolic blood pressure > 200 mmHg)
Incomplete procedures

Difficulty performing procedure

Discomfort/pain

Notes Conflicts of interest or funding sources were not reported
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk "Block randomisation"

tion (selection bias)

Allocation concealment Unclear risk Not reported

(selection bias)

Blinding of participants Low risk Endoscopist and investigator recording haemodynamic data were not aware
and personnel (perfor- of the nature of the medications

mance bias)

All outcomes

Blinding of outcome as- Low risk Endoscopist and investigator recording haemodynamic data were not aware
sessment (detection bias) of the nature of the medications

All outcomes

Incomplete outcome data  Low risk No loss to follow-up reported

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)

Other bias Low risk None expected

Bianchi Porro 1988

Methods

Single-centre cross-over randomized controlled trial conducted in Italy

Participants

23 adults undergoing upper gastrointestinal endoscopy (14 men and 9 women; mean weight 60.7 kilo-
grams; age range 20 to 48 years; mean age 32.5)

Interventions

1) Intravenous midazolam 0.07 mg/kg

2) Intravenous Diazepam 0.15 mg/kg

Outcomes Measured during the procedure:
Vital signs (blood pressure 5 minutes after sedation)
Midazolam for sedation before procedures (Review) 40
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Bianchi Porro 1988 (Continued)
Vital signs (heart rate 5 minutes after sedation

Level of sedation using a sedation assessment scale 4
Participant co-operation

Measured 2 hours after the procedure:

Quality of recovery

Measured 24 hours after the procedure:

Anterograde amnesia (defined by number of participants who recalled the procedure)

Notes At least 30 days between procedures
We were unable to locate contact details of the authors to access pre-cross-over data

Conflicts of interest or funding sources were not reported

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not reported

tion (selection bias)

Allocation concealment Unclear risk Not reported
(selection bias)

Blinding of participants Low risk Drugs prepared and administered by physician not performing endoscopy or
and personnel (perfor- assessments
mance bias)

All outcomes

Blinding of outcome as- Low risk Drugs prepared and administered by physician not performing endoscopy or
sessment (detection bias) assessments
All outcomes

Incomplete outcome data  Low risk No withdrawals
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)
Other bias Low risk None expected
Cole 1983
Methods Parallel-group randomized controlled trial conducted in 2 sites in the USA
Participants 40 adult participants (American Society of Anesthesiology physical classification status | - ) undergo-

ing upper gastrointestinal endoscopy for the first time (aged 18 - 70 years; authors reported that the
groups were comparable in all parameters evaluated: age, sex, weight, race (white/non-white), psy-
choactive drug history, duration of procedure, injection speed, data collection site)
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Cole 1983 (continued)

Interventions

1) Intravenous midazolam 5 mg bolus with 2.5 - 3.75 mg increments at 30- - 60-second intervals as re-
quired. Half doses for elderly

2) Same dose for diazepam

Outcomes Measured during the procedure:
Onset of sedation
Vital signs (change in heart rate)
Vital signs (change in respiration rate)
Vital signs (change in diastolic blood pressure)
Discomfort/pain (measured in the study as absolute number with pain)
Measured after the procedure:
Proceduralist satisfaction
Measured the day after the procedure:
Participant satisfaction
Quality of recovery (number of participants reporting unusual sensations the day after the procedure)
Anterograde amnesia (numerical rating from 0 to 100 with a lower number indicating greater amnesia)
Notes Authors declared that Hoffman-La Riche Inc. provided financial assistance for the study, but did not dis-
close the role of the funder in the study
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not reported
tion (selection bias)
Allocation concealment Unclear risk Not reported
(selection bias)
Blinding of participants Low risk Both the participants and the endoscopist were masked to treatment alloca-
and personnel (perfor- tion
mance bias)
All outcomes
Blinding of outcome as- Low risk Both the participant and the endoscopist were masked to treatment allocation
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk No withdrawals
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)
Other bias Low risk None expected
Midazolam for sedation before procedures (Review) 42
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Coll-Vinent 2003

Methods

Single-centre parallel-group randomized controlled trial conducted in Spain

Participants

32 consecutive adults undergoing cardioversion for supraventricular arrhythmia in an emergency de-
partment

Interventions

Randomized to 1 of 4 treatment arms (all intravenous administration):

1) 0.2 mg/kg midazolam

2) 0.2 mg/kg etomidate

3) 1.5 mg/kg propofol

4) 0.2 mg/kg midazolam and flumazenil 0.5 mg bolus followed by 0.5 mg infusion for 1 hour

Ifinduction was not achieved within 3 - 5 minutes, supplementary doses of etomidate (0.05 mg/kg), mi-
dazolam (0.05 mg/kg) or propofol (0.5 mg/kg) were injected at 1-minute intervals until the desired ef-
fect was obtained

Outcomes Measured during the procedure:
Level of sedation using a sedation assessment scale (Ramsay scale)
Vital signs (systolic blood pressure after sedation)
Vital signs (desaturation <90%)
Duration of sedation
Onset of sedation
Measured after the procedure:
Offset time of sedation

Notes Only median values reported for continuous outcomes (skewed distributions because of small sample
size). We did not include the midazolam and flumazenil group in our review because combinations of
medications with midazolam were excluded.
The authors declared that no outside funding or support was received for the study. No other conflicts
of interest were reported.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Random-number table

tion (selection bias)

Allocation concealment Low risk Sealed envelopes

(selection bias)

Blinding of participants High risk Not blinded

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Not blinded

sessment (detection bias)

All outcomes
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Coll-Vinent 2003 (Continued)

Incomplete outcome data  Low risk No withdrawals

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols

porting bias)

were not sought for confirmation)

Other bias

Low risk None expected

Cordova 1992

Methods

Single-centre parallel-group randomized controlled trial conducted in Mexico

Participants

60 adults aged 18 - 65 years who underwent upper digestive endoscopy. Participants with allergy to mi-
dazolam or diazepam were excluded

Interventions

Intravenous diazepam (0.15 mg/kg)

Intravenous midazolam (0.10 mg/kg)

Outcomes Measured during the procedure:
Tolerance of procedure
Measured after the procedure:
Duration of sedation
Anterograde amnesia (defined by number of participants who recalled the procedure)
Notes Conflicts of interest or funding sources were not reported
Risk of bias
Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No explanation about method to generate allocation. Just stated “randomly
allocated to two groups”

Allocation concealment Unclear risk Authors describe no method for allocation concealment
(selection bias)
Blinding of participants Unclear risk Methods include a mention of “double blinding”, but no further details about

and personnel (perfor-
mance bias)
All outcomes

who and how

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Method include a mention of “double blinding”, but no further details about
who and how

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No withdrawals
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cordova 1992 (Continued)

Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)
Other bias Low risk None expected

D'Agostino 2000

Methods Single-centre parallel-group randomized controlled trial conducted in USA

Participants 40 2-months - 8-year-old children requiring neuroimaging with sedation. Average age 31 + 23 months
and 45% were boys.

Interventions Oral midazolam 0.5 mg/kg (max 10 mg) vs oral chloral hydrate 75 mg/kg (max 2 g)

Could received additional dose (50% of original dose) if required

Outcomes Measured during the procedure:
1) Numerical rating of anxiety

2) Duration of sedation

3) Incomplete procedures

Notes Conflicts of interest or funding sources were not reported
Risk of bias

Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Random-number table

tion (selection bias)

Allocation concealment Unclear risk Not reported
(selection bias)

Blinding of participants Low risk Children were administered freshly-prepared, identically-appearing, cher-
and personnel (perfor- ry-flavoured liquids in body weight equivalent volumes
mance bias)

All outcomes

Blinding of outcome as- Low risk Neither the participant nor any of the investigators were aware of the active
sessment (detection bias) component given to individual participants
All outcomes

Incomplete outcome data  Low risk Reasons for withdrawals were reported. Randomized children who did not
(attrition bias) complete the protocol included 1 with respiratory distress, 1 who ate a full
All outcomes meal prior to intended drug administration, 1 who fell asleep after intravenous

line placement and 4 who cancelled their appointments after randomization

Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)
Other bias Low risk None expected
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De Alencar 2010

Methods

Single-centre parallel-group randomized controlled trial conducted in Brazil

Participants

70 adult participants (American Society of Anesthesiology physical classification status | - Il)undergoing
lower eyelid blepharoplasty under local anaesthetic. Mean age in the groups ranged from 57.9 + 10.2
years to 64 + 14.4 years. There was more women than men in each group.

Interventions

Intravenous administration of:

1) diazepam 10 mg and clonidine 0.15 mg
2) diazepam 10 mg

3) Midazolam 15 mg

4) Midazolam 15 mg and clonidine 0.15 mg (not used in this review)

Outcomes Measured before the procedure:
Level of sedation using a sedation assessment scale (Michigan University Scale range from 0 = awake to
4 =unarousable to stimuli)
Change in vital signs at 1 hour after administration of medication

Notes Conflicts of interest or funding sources were not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Not reported

tion (selection bias)

Allocation concealment Unclear risk Not reported

(selection bias)

Blinding of participants High risk Not blinded

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Not blinded

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk No withdrawals

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols

porting bias) were not sought for confirmation)

Other bias Low risk None expected

Derakhshanfar 2013
Methods Single-centre parallel-group randomized controlled trial conducted in Iran
Midazolam for sedation before procedures (Review) 46
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Derakhshanfar 2013 (continued)

Participants

160 children aged 2 to 7 years requiring lumbar puncture (mean age: 3.4 + 1.9 years old in chloral hy-
drate, 3.6 + 2.6 years old in midazolam group; 42 girls and 38 boys in chloral hydrate group and 48 girls
and 32 boys in the midazolam group)

Interventions

Oral administration of:
1) 80 mg/kg chloral hydrate followed by further dose 20 mg/kg if required 20 minutes later

2) 0.5 mg/kg midazolam. Additional dose up to 8 mg for inadequate sedation

Outcomes Measured before the procedure:
Level of sedation using a sedation assessment scale (Wheeler's sedation level with scores ranging from
1 = agitated to 4 = eyes closing spontaneously but response to minor stimuli)
Onset of sedation
Offset of sedation
Incomplete procedures
Disinhibition/excitation
Measured after the procedure:
Quality of recovery (prolonged sedation)
Notes Conflicts of interest or funding sources were not reported
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Not reported
tion (selection bias)
Allocation concealment Unclear risk Not reported
(selection bias)
Blinding of participants High risk Although the investigator, proceduralist and nurse were 'unaware' of the drug

and personnel (perfor-
mance bias)
All outcomes

used, the parents (who also rated sedation) did know which

Blinding of outcome as-
sessment (detection bias)

High risk Although the investigator, proceduralist and nurse were 'unaware' of the drug
used, the parents (who also rated sedation) did know which medication was

All outcomes administered.

Incomplete outcome data  Low risk No withdrawals

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols

porting bias)

were not sought for confirmation)

Other bias

Low risk None expected
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Everitt 2002

Methods

Single-centre parallel-group randomized controlled trial conducted in Australia

Participants

129 children aged 1 - 4 years with uncomplicated lacerations that required 2 or more sutures (42 ex-
cluded from the review due to comparison between different routes of administration). Similar at base-
line for age, heart rate, respiratory rate, blood pressure, oxygen saturation, anxiety score and laceration
characteristics (summary statistics were not reported)

Interventions

Oral administration of:
1) 0.5 mg/kg diazepam

2) 1 mg/kg midazolam

3) 0.4 mg/kg intranasal midazolam (not included)

Outcomes Measured during the procedure immediately after suturing:
Level of sedation on a sedation assessment scale (rated on a scale of 0 to 100 (lower score = better se-
dation) by proceduralist, nurse, parent and investigator)
Measured 24 to 48 hours after the procedure:
Quality of recovery (proportion of participants who were 'drowsy' at home)
Notes Conflicts of interest or funding sources were not reported
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Not reported
tion (selection bias)
Allocation concealment Unclear risk Not reported
(selection bias)
Blinding of participants Low risk A nurse not involved in the participants' care performed the drug administra-
and personnel (perfor- tion. The investigator (I.J.E.), suturing doctor, and nurse assisting with sutur-
mance bias) ing were unaware which sedative had been given. Parents were asked not to
All outcomes reveal which drug or route of delivery their child had received
Blinding of outcome as- Low risk A nurse not involved in the participants' care performed the drug administra-
sessment (detection bias) tion. The investigator (I.J.E.), suturing doctor, and nurse assisting with sutur-
All outcomes ing were unaware which sedative had been given. Parents were asked not to
reveal which drug or route of delivery their child had received
Incomplete outcome data  Unclear risk Unclear how much data were missing for parents' assessments
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)
Other bias Low risk None expected
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Fakheri 2010

Methods Single-centre parallel-group randomized controlled trial conducted in Iran in 2008

Participants 180 adults over 18 years of age without serious comorbidities undergoing upper gastrointestinal en-
doscopy (mean age: 46.9 + 17.5 years in midazolam group and 47 + 17.5 years in placebo group; 49%
men in midazolam group and 43% men in placebo group)

Interventions 1) Intravenous midazolam - mean dose 3.2 (1.6) mg

2) Saline placebo

Outcomes Measured during the procedure:

Vital signs (oxygen desaturation)

Notes Conflicts of interest or funding sources were not reported
Risk of bias

Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not reported

tion (selection bias)

Allocation concealment Unclear risk Not reported
(selection bias)

Blinding of participants High risk Not blinded
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Not blinded
sessment (detection bias)
All outcomes

Incomplete outcome data  High risk Excluded participants who required more than 10 mg midazolam for sedation
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)
Other bias Unclear risk None expected

Gilvarry 1990

Methods Single-centre parallel-group randomized controlled trial conducted in the United Kingdom

Participants 60 adults undergoing upper gastrointestinal endoscopy (mean age: 41.4 in diazepam group and 42.2 in
midazolam group; 46% men in diazepam group and 43% men in diazepam group)

Interventions 10 mg intravenous midazolam

20 mg intravenous diazepam

Outcomes Measured 24 hours after the procedure:
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Participant satisfaction (measured in the trial as the participant considered sedation was inadequate)

Anterograde amnesia (recalled procedures)

Notes Conflicts of interest or funding sources were not reported
Risk of bias
Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk "Stratified randomised order"
tion (selection bias)
Allocation concealment Unclear risk Not reported
(selection bias)
Blinding of participants High risk Not blinded
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk An author who did not know which medication had been administered as-
sessment (detection bias) sessed outcomes 24 hours after the procedure
All outcomes
Incomplete outcome data  Low risk No withdrawals
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)
Other bias Low risk None expected
Hollenhorst 2001
Methods Single-centre parallel-group randomized controlled trial conducted in Germany

Participants

54 participants aged 18 to 65 years old scheduled for magnetic resonance imaging (MRI) for the first
time (mean age: 43 £ 14.6 years in the midazolam group and 49 + 11.7 years in the placebo group; 48%
men in midazolam group and 37% men in placebo group)

Interventions

1) Intranasal midazolam 4 mg

2) placebo

Outcomes

1) Level of sedation measured 15 minutes after medication and after MRI. Participant sedation was
evaluated by 1of the authors using a 5-point sedation scale (1 = agitated, non co-operative; 2 = alert,
restless; 3 = calm, eyes spontaneously open; 4 = drowsy, responds to minor stimulation; 5 = asleep,
rousable but does not respond to minor stimulation)

2) Numerical rating of anxiety measured 15 minutes after medication and after MRI. Visual Analogue
Scale of Anxiety comprised an undivided 100-mm line, with 0 meaning “I am not anxious at all,” and 100
meaning “l am extremely anxious.” Participants were instructed to mark 1 point on the line that corre-
sponded to the intensity of their anxiety at that moment

3) Incomplete procedures
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Hollenhorst 2001 (continued)

Notes Conflicts of interest or funding sources were not reported
Risk of bias

Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not reported

tion (selection bias)

Allocation concealment Unclear risk Not reported
(selection bias)

Blinding of participants Low risk Blinded

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk No information about blinding of assessor of sedation level.

sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk No withdrawals
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)
Other bias Low risk None expected

Korttila 1985

Methods Single-centre parallel-group randomized controlled trial conducted in Finland

Participants 76 adults undergoing rigid diagnostic bronchoscopy (25 participants randomized to 'low dose' midazo-
lam were excluded from the review). Mean age: 55 + 11 in the diazepam group and 55 + 11 in the mida-
zolam group. 70% men in the diazepam group and 58% men in the midazolam group

Interventions Intravenous administration of:
Midazolam 0.05 mg/kg (not used in the review)
Midazolam 0.1 mg/kg

Diazepam 0.2 mg/kg

Outcomes Measured during the procedure:
Participant and proceduralist satisfaction (0 = poor, 100 = good)
Measured 2 hours after procedure:
Anterograde amnesia (recalled procedures)

Quality of recovery (could not walk in straight line at 2 hours after procedure)

Notes Conflicts of interest or funding sources were not reported
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Korttila 1985 (Continued)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Not reported

tion (selection bias)

Allocation concealment Unclear risk Not reported

(selection bias)

Blinding of participants Low risk The participant and the bronchoscopist were unaware of the identity of the
and personnel (perfor- drug being administered.

mance bias)

All outcomes

Blinding of outcome as- Low risk The investigator was unaware of the identity of the drug being administered.
sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk No withdrawals

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)

Other bias Low risk None expected

Kuganeswaran 1999

Methods

Single-centre parallel-group randomized controlled trial conducted in USA

Participants

99 adults undergoing sigmoidoscopy (age 51 + 2 years; 13 men and 35 women)

Interventions

1) Oral midazolam 7.5 mg (participants were asked to swish medication in mouth 15 times before swal-
lowing to allow improved absorption by the oral mucosa)

2) Placebo
Outcomes Measured during the procedure:

Level of sedation using a sedation assessment scale (scores ranged from 0 = awake to 3 = asleep, re-
sponsive only to direct verbal or physical stimulus)
Numerical rating of anxiety reported by proceduralist and participant (0 = no anxiety; 10 = severe anxi-
ety)
Discomfort/pain reported by proceduralist and participant (0 = no pain; 10 = severe pain)
Vital signs (hypotension)
Incomplete procedures
Measured after the procedure:
Participant satisfaction (refuse repeat procedure with same sedation)
Participant satisfaction (participant considered sedation was not adequate)
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Kuganeswaran 1999 (Continued)

Anterograde amnesia (defined by number of participants who recalled the procedure)

Notes Conflicts of interest were not reported but it was noted that Roche Pharmaceuticals provided the study
medications and "funded in part" the study. The role of the funder in design, analysis or reporting was
not disclosed

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Random-number table

tion (selection bias)

Allocation concealment Unclear risk Not reported

(selection bias)

Blinding of participants Low risk Double-blind - "the study medication was prepared by the inpatient pharmacy

and personnel (perfor- and physicians, nurses and patients were blinded to its identity"

mance bias)

All outcomes

Blinding of outcome as- Low risk Double-blind - "the study medication was prepared by the inpatient pharmacy

sessment (detection bias) and physicians, nurses and patients were blinded to its identity"

All outcomes

Incomplete outcome data  Low risk 2 participants withdrew before receiving medication

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols

porting bias) were not sought for confirmation)

Other bias Low risk None expected

Lavies 1988
Methods Single-centre parallel group randomized controlled trial conducted in USA

Participants

120 adults undergoing upper gastrointestinal endoscopy (mean age: 58 years in placebo group, 55 in
diazepam group, 50 in midazolam group; 55% men in the placebo group, 70% men in the diazepam
group, 48% men in the midazolam group)

Interventions

Intravenous administration of:
1) Midazolam 2.5-7.5 mg

2) Diazepam 2.5-10 mg

3) Placebo
Outcomes Measured during the procedure:
Vital signs
Tolerance of procedure
Notes Conflicts of interest or funding sources were not reported
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Lavies 1988 (continued)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Random-number sequence used but "The study was continued until 40 pa-
tion (selection bias) tients were included in each group"

Allocation concealment Unclear risk Not reported

(selection bias)

Blinding of participants Low risk Participant was unaware of medication
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported
sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk No withdrawals

(attrition bias)
All outcomes

Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)
Other bias Low risk None expected

Lazaraki 2007

Methods Single-centre parallel-group randomized controlled trial conducted in Greece in 2004
Participants 126 adults who were 23 to 84 years of age undergoing colonoscopy for the first time
Interventions Intravenous administration of:

1) 25 - 50 mcg fentanyl (mean 36 mcg)

2) 2 -5 mg midazolam (mean 4.6 mg)

Outcomes Measured during the procedure:
Discomfort, pain (0 = very well/no discomfort, 4 = unbearable)
Incomplete procedures
Vital signs
Sedation reversal
Measured after the procedure:
Offset of sedation

Participant satisfaction (measured in the trial as willingness to undergo another procedure with same
medication)

Anterograde amnesia (recalled procedures)
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Lazaraki 2007 (continued)

Notes Conflicts of interest or funding sources were not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not reported
tion (selection bias)
Allocation concealment Unclear risk Not reported
(selection bias)
Blinding of participants Unclear risk Not reported
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Monitoring was performed by a single specialist nurse blinded to the random-
sessment (detection bias) ization
All outcomes
Incomplete outcome data  Low risk No withdrawals
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)
Other bias Low risk None expected
Lee 1989
Methods Single-centre parallel-group randomized controlled trial conducted in Jamaica

Participants

149 adults undergoing upper Gl endoscopy for the first time. 79 men with a mean age of 52.5 years
(range 18 to 81) and 70 women with a mean age of 46 years (17 to 82 years)

Interventions

Intravenous administration of:

Diazepam to a maximum of 0.15 mg/kg

Midazolam to a maximum of 0.07 mg/kg

No sedation (not used in this review) (47 participants)

Outcomes

Measured during the procedure:

Participant co-operation

Difficulty performing procedure

Measured 24 to 48 hours after the procedure:

Anterograde amnesia (defined by number of participants who recalled the procedure)

Discomfort/pain (measured in the trial as 'uncomfortable')
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Lee 1989 (Continued)

Notes Conflicts of interest or funding sources were not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not reported
tion (selection bias)
Allocation concealment Unclear risk Not reported
(selection bias)
Blinding of participants High risk Not blinded
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk The endoscopist who was unaware of the drug used completed a question-
sessment (detection bias) naire to assess the participant co-operation and difficulty performing proce-
All outcomes dure outcomes, but anterograde amnesia and discomfort/pain were not as-
sessed in a blinded fashion (no information about participant blinding)
Incomplete outcome data  Low risk No withdrawals
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)
Other bias Low risk None expected
Rolo 2012
Methods Multicentre (2 sites) parallel-group randomized controlled trial conducted in Portugal

Participants

100 adults undergoing fibreoptic bronchoscopy (Mean age was 56 + 14 years (range 18 - 79 years); 66%
were men

Interventions

0.05 mg/kg intravenous midazolam

Placebo

Outcomes

Measured during the procedure:

Level of sedation on a sedation assessment scale

Vitals signs

Disinhibition/excitation (measured in the trial as 'agitation')
Sedation reversal

Measured 1 hour after the procedure:

Participant satisfaction (willingness to undergo another procedure with the same medication)

Notes

Conflicts of interest or funding sources were not reported
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Rolo 2012 (Continued)

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Not reported

tion (selection bias)

Allocation concealment Unclear risk Not reported
(selection bias)

Blinding of participants Unclear risk Did state it was double-blind but no specific information provided about how
and personnel (perfor- this was achieved
mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported
sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk No withdrawals

(attrition bias)
All outcomes

Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)
Other bias Low risk None expected
Sainpy 1984
Methods Parallel-group single-centre randomized controlled trial conducted in France
Participants 64 adults who underwent a gastroduodenal endoscopy. Exclusion of myasthenia gravis, pregnancy,

past history of adverse reaction to benzodiazepines, long-term treatment with psychotropes

Interventions Intravenous midazolam: 0.1 mg under 65 yrs and 0.085 mg over 65 yrs infused in 30 seconds

Intravenous diazepam: 0.2 mg under 65 yrs and 0.15 mg over 65 yrs infused in 30 seconds

Outcomes Measured during the procedure:
Discomfort/pain
Measured after the procedure
Duration of sedation

Anterograde amnesia (defined by number of participants who recalled the procedure)

Notes Conflicts of interest or funding sources were not reported
Risk of bias
Bias Authors' judgement  Support for judgement
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Sainpy 1984 (Continued)

Random sequence genera-
tion (selection bias)

Unclear risk Method not stated

Allocation concealment
(selection bias)

Low risk Used sealed envelopes

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk The gastroenterologist was the only person blinded to sedative drug

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk The gastroenterologist was the only person blinded to sedative drug

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No withdrawals

Selective reporting (re-
porting bias)

Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
were not sought for confirmation)

Other bias Low risk None expected
Stokland 2003
Methods Single-centre parallel-group randomized controlled trial conducted in Sweden

Participants

95 children referred for voiding cystourethrography (median age 2.2 years in midazolam group and 3.2
years in placebo group)

Interventions

Intranasal midazolam given in a dose of 0.2 mg/kg body weight with a maximum dose of 5 mg

Placebo group was given saline 0.9 mg/ml sterile solution

Outcomes Incomplete procedures

Notes Conflicts of interest or funding sources were not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not reported

tion (selection bias)

Allocation concealment Low risk The children were stratified by gender and randomly allocated to 1 of 2

(selection bias) groups, midazolam or placebo, by opening a sealed envelope prepared in
blocks of 4

Blinding of participants Low risk The substances were available in bottles with serial numbers, but were other-

and personnel (perfor-
mance bias)
All outcomes

wise of identical appearance
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Stokland 2003 (continued)

Blinding of outcome as- Low risk Not reported

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk No withdrawals

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)

Other bias Low risk None expected

Takrouri 1988

Methods

Single-centre parallel-group randomized controlled trial conducted in Jordan

Participants

120 adults undergoing endoscopy (mean age 39 + 0.6 in diazepam group, 41 + 0.9 in flunitrazepam
group and 34 + 0.6 in midazolam group)

Interventions

Mean doses: diazepam 5 mg; flunitrazepam 0.65 mg; midazolam 5.8 mg (all intravenous)

Outcomes

Measured during the procedure:

Level of sedation on a sedation assessment scale

Number of participants rated as 'anxious'

Difficulty performing procedure (rated as difficult to perform procedure)

Participant co-operation (not co-operative)

Measured after the procedure (before discharge):

Anterograde amnesia (defined by number of participants who recalled the procedure)

Quality of recovery (rated as delayed recovery)

Notes

Conflicts of interest or funding sources were not reported

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random-number table

Allocation concealment
(selection bias)

Unclear risk Not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Not blinded

Blinding of outcome as-
sessment (detection bias)

High risk Not blinded

Midazolam for sedation before procedures (Review)
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

59



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Takrouri 1988 (Continued)
All outcomes

Incomplete outcome data  Low risk Withdrawals not reported
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)
Other bias Low risk None expected
Templeton 2010
Methods Single-centre parallel-group randomized controlled trial conducted in UK

Participants

42 children requiring removal of Kirschner wires in an orthopaedic outpatient department (average age
7.1years; range 3.6 to 12.3 years)

Interventions

1) 0.2 mL/kg of 1 mg/mL oral midazolam

2) Placebo

Outcomes Numerical rating of anxiety

Notes Funding source was reported (research grant from Beatrice Jennings Trust Fund at The General Infir-
mary at Leeds)

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomization was performed by the pharmacy department using ran-

tion (selection bias) dom-number tables

Allocation concealment Low risk Sealed envelopes each containing a code number

(selection bias)

Blinding of participants Low risk Corresponding coded bottles contained either midazolam 1.0 mg/mL or the

and personnel (perfor- placebo

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported

sessment (detection bias)

All outcomes

Incomplete outcome data  High risk Intention-to-treat analysis not used

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols

porting bias) were not sought for confirmation)

Other bias Low risk None expected
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Tolia 1990
Methods Single-centre parallel-group randomized controlled trial conducted in USA

Participants

41 children undergoing upper Gl endoscopy

Interventions

Intravenous administration of:

1) 0.1-0.15 mg/kg midazolam

2) 0.2 - 0.4 mg/kg diazepam

Outcomes Measured during procedures:
Participant co-operation
Measured 24 hours after procedures:
Anterograde amnesia (recalled procedures)
Discomfort, pain
Notes Conflicts of interest or funding sources were not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not reported
tion (selection bias)
Allocation concealment Unclear risk Not reported
(selection bias)
Blinding of participants Low risk Both endoscopist and participant were blinded
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Both endoscopist and participant were blinded
sessment (detection bias)
All outcomes
Incomplete outcome data  High risk Not analysed as intention-to-treat
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)
Other bias Low risk None expected
Wheeler 2001
Methods Single-centre parallel-group randomized controlled trial conducted in USA
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Wheeler 2001 (continued)

Participants 40 children <5 years of age undergoing echocardiography (13 boys (52%) in midazolam group and 10
boys (66%) in chloral hydrate group)

Interventions 1) 75 mg/kg oral chloral hydrate
2) 0.5 mg/kg oral midazolam

Children requiring further sedation (as determined by the assigned nurse) received a second dose of
the same medication 30 minutes after the initial dose, either 25 mg/kg chloral hydrate or 0.25 mg/kg
midazolam

Outcomes Measured during the procedure:
Level of sedation on a sedation assessment scale
Incomplete procedures
Onset time of sedation
Disinhibition/excitation
Measured after the procedure:

Offset time of sedation

Notes Conflicts of interest or funding sources were not reported
Risk of bias

Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Random-number table

tion (selection bias)

Allocation concealment Unclear risk Not reported
(selection bias)

Blinding of participants Low risk Echocardiographer blinded
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk No information about blinding of outcome assessor
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk No withdrawals reported
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)
Other bias Low risk None expected
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Whitwam 1983

Methods

Single-centre parallel-group randomized controlled trial conducted in the United Kingdom

Participants

100 adult ASA | - Il participants undergoing upper Gl endoscopy (29 men (58%) in midazolam group and

30 men (60%) in diazepa
group)

m group; mean age 42 + 19.9 in midazolam group and 44 + 18.5 in diazepam

Interventions

Intravenous administration of:

1) midazolam 0.07 mg/kg

2) diazepam 0.15 mg/kg

Outcomes Measured during the procedure:
Number of participants rated as 'anxious'
Difficulty performing procedure
Participant co-operation
Onset of sedation
Offset of sedation
Oversedation
Measured on discharge from recovery area:
Anterograde amnesia (recalled procedures)
Measured after the procedure (questionnaire sent to participants - no timeframe reported)
Quality of recovery
Notes Reported that 2 of the authors were supported by Roche Inc.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not reported
tion (selection bias)
Allocation concealment Unclear risk Not reported
(selection bias)
Blinding of participants Unclear risk Not reported
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Blind to investigators assessing participants
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk No withdrawals
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols

porting bias)

were not sought for confirmation)
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Whitwam 1983 (continued)

Other bias Low risk None expected
Younge 2001
Methods Single-centre parallel-group randomized controlled trial conducted in the United Kingdom

Participants

59 children ages 1 to 7 needing laceration repair (mean age 4.1 years in both groups; 54% boys in mida-
zolam group and 53% boys in ketamine group)

Interventions

Oral midazolam 0.7 mg/kg

Oral ketamine 10 mg/kg

Outcomes Measured during the procedure:
Level of sedation on a sedation assessment scale
Offset time of sedation
Vital signs
Disinhibition/excitation
Notes Reported that there were no conflicts of interest or funding received for the trial
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Drug solutions were pre-prepared by the hospital pharmacy and numbered se-
quentially, randomly containing 1 or other drug

Allocation concealment
(selection bias)

Low risk Drug solutions were pre-prepared by the hospital pharmacy and numbered se-
quentially, randomly containing 1 or other drug

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Double-blind

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Double-blind

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No withdrawals

Selective reporting (re-
porting bias)

Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
were not sought for confirmation)

Other bias

Low risk None expected
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Yuno 1996

Methods Single-centre parallel-group randomized controlled trial conducted in Japan
Participants 40 adults undergoing colonoscopy for polyp removal
Interventions 0.05 mg/kg intravenous midazolam
Placebo
Outcomes Measured during the procedure:

Level of sedation on a sedation assessment scale
Participant satisfaction (measured in the trial as participant-assessed adequacy of sedation)
Proceduralist satisfaction (measured in the trial as proceduralist-assessed adequacy of sedation)

Vital signs

Notes Reported that a grant from the Osaka Association for Prevention of Adult Diseases funded the study. No
conflicts of interest were reported

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not reported

tion (selection bias)

Allocation concealment Low risk "Envelope method"
(selection bias)

Blinding of participants Unclear risk Noted it was double-blind but no specific information provided
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Noted it was double-blind but no specific information provided
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk No withdrawals reported
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk No clear evidence that measured outcomes were not reported (trial protocols
porting bias) were not sought for confirmation)
Other bias Low risk No withdrawals reported

ASA: American Society of Anesthesiology
BPM: beats per minute

Gl; gastrointestinal

HR: heart rate

MRI: magnetic resonance Imaging

RCT: randomized controlled trial

SBP: systolic blood pressure
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Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Bonta 2003

Both groups could receive midazolam if initial sedation not effective

Brouillette 1989

Meperidine administered in both groups

Dere 2010 Fentanyl used in both groups
Mui 2005 Additional IV midazolam used in placebo group
Muttu 2005 Intra-procedural sedation used

Nascimento 2007

Meperidine used in all groups if sedation inadequate

Ristikankare 1999

Flumazenil for all participants

Ristikankare 2000a

Flumazenil for all participants

Ristikankare 2000b

Flumazenil for all participants

Sajedi 2006

Fentanyl used in both groups

Salmon 1992

Temazepam for all groups

Sandler 1992

Quasi-RCT

Sherry 1989

Nitrous oxide used on both groups

Tamayo 1993

Fentanyl used in both groups

Tesoro 2007

Quasi-RCT

Uygur-Bayramicli 2002

Flumazenil at end of procedure

Weinstein 2010

Post hoc analysis

Yildirim 2006

Placebo administered in different route of administration

Only a selection of the studies the authors excluded after review of full text are listed, as we identified a large number of potentially relevant

articles in initial screening.
IV: intravenous
RCT: randomized controlled trial

Characteristics of studies awaiting assessment [ordered by study ID]

Bardhan 1984

Methods

RCT

Participants

End

oscopy

Interventions

Intravenous midazolam versus diazepam; Unclear whether intra-procedural sedation was used

Outcomes

Full

details not known
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Bardhan 1984 (continued)

Notes

Could not locate current contact details for authors

Frisancho 1996

Methods

RCT

Participants

Gl endoscopy

Interventions

Intravenous midazolam versus diazepam

Outcomes Full details not known

Notes Article published in Spanish. Awaiting data extraction from a second person
Green 1984

Methods RCT

Participants

Gl endoscopy

Interventions

Intravenous midazolam versus diazepam; Time point at which medications was administered is

not clear
Outcomes Full details not known
Notes Could not locate current contact details for authors
Mendes 1986
Methods RCT
Participants Bronchoscopy

Interventions

Intramuscular midazolam versus hydrocodonum

Outcomes

Full details not known

Notes

Article published in German. Awaiting data extraction from a second person

Mignonsin 1994

Methods

RCT

Participants

Gl endoscopy

Interventions

Intravenous midazolam versus diazepam

Outcomes

Full details not known
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Notes Article published in German. Awaiting data extraction from a second person
Miinte 2002

Methods RCT

Participants MRI scan

Interventions

Intranasal midazolam versus placebo

Outcomes Full details not known. 4/27 randomized to placebo did not complete procedure, whereas all par-
ticipants randomized to midazolam completed the procedure.
Notes Article published in German. Awaiting data extraction from a second person
Ogden 1993
Methods RCT

Participants

Children undergoing bone marrow aspiration/biopsy

Interventions

Oral midazolam 1 mg/kg

Oral ketamine 10 mg/kg

Outcomes Full details not known
Notes The design of this trial is unclear because the abstract reports that only 29 participants were en-
rolled but 89 procedures are included. It also states it is a non-cross-over study. We could not locate
current contact details for authors
Thakur 2003
Methods RCT

Participants

Children undergoing echocardiography

Interventions

Oral midazolam versus triclofos sodium

Outcomes Full details not known. Children who received midazolam had a quicker onset of sedation and re-
covery from sedation
Notes Article published in French. Awaiting data extraction by 2 people
Theroux 1993
Methods RCT
Midazolam for sedation before procedures (Review) 68
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Theroux 1993 (Continued)

Participants Children requiring laceration repair

Interventions Intranasal midazolam versus placebo versus no sedation

Outcomes Placebo group results were reported with control

Notes Contacted authors by email on 12th December 2014 for clarification about just the results of the

placebo group, but did not receive a response

Wild 1988
Methods RCT
Participants Bronchoscopy
Interventions Intramuscular midazolam versus hydrocodonum
Outcomes Full details not known
Notes Article published in German. Awaiting data extraction from a second person

Gl: gastrointestinal
MRI: magnetic resonance imaging
RCT: randomized controlled trial

Characteristics of ongoing studies [ordered by study ID]

NCT00563069
Trial name or title Premedication with oral midazolam in patients undergoing rigid cystoscopy: a randomized, dou-
ble-blind, placebo-controlled trial
Methods RCT
Participants Elective rigid cystoscopy
Either diagnostic or therapeutic
Age between 18 and 80
Interventions Oral midazolam
Outcomes Pain score during the procedure as assessed by visual analogue scale
Starting date September 2005
Contact information Shirley YW Liu
Notes NCT00563069
Midazolam for sedation before procedures (Review) 69
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NCT01925898

Trial name or title

Arandomized, clinical trial of oral midazolam versus oral ketamine for sedation during laceration
repair

Methods

RCT

Participants

Any child with laceration requiring sedation

Interventions

Oral midazolam versus oral ketamine

Outcomes

Number of participants requiring IV sedation (Time frame: Ddring the procedure - up to 1 hour)

Pain score: visual analogue score (VAS) by a parent (Time frame: during the procedure-upto 1
hour)

Starting date

August 2013

Contact information

Orit Rubinstein

Notes

NCT01925898

Puttapitakpong 2015

Trial name or title

Oral midazolam for sedation in esophagogastroduodenoscopy(EGD)

Methods

RCT

Participants

Scheduled to undergo elective diagnostic EGD

American Society of Anesthesia (ASA) criteria to be class 1to 2

Interventions

Oral midazolam

Outcomes

Difference of anxiety score (Time frame: asked the participant 5 minutes before EGD and then after
fully recovery from sedation)

Starting date

October 2013

Contact information

Chaipichit Puttapitakpong, Doctor

Notes

NCT01990937

ASA: American Society of Anesthesiology Physical Classification Status
EGD: oesophagogastroduodenoscopy

IV: intravenous

RCT: randomized controlled trial
VAS: visual analogue scale

DATA AND ANALYSES

Midazolam for sedation before procedures (Review) 70
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



- Coch rane Trusted evidence.
= . Informed decisions.
- Li b ra ry Better health.

Cochrane Database of Systematic Reviews

Comparison 1. Intravenous midazolam versus diazepam

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Number of participants rated as 2 175 Risk Ratio (M-H, Fixed, 95% 0.80[0.39, 1.62]

'anxious' Cl)

2 Participant co-operation (not co- 4 316 Risk Ratio (M-H, Random, 0.94[0.48, 1.84]

operative) 95% Cl)

3 Participant satisfaction 2 91 Mean Difference (1V, Fixed, 2.17[-0.51,4.85]
95% Cl)

4 Proceduralist satisfaction 2 91 Mean Difference (1V, Fixed, 1.09[-10.43, 12.60]
95% Cl)

5 Difficulty performing procedures 3 277 Risk Ratio (M-H, Fixed, 95% 0.66 [0.41, 1.07]

(rated as difficult to perform proce- Cl)

dure)

6 Onset of sedation 2 140 Mean Difference (IV, Random, -1.80 [-3.76, 0.16]
95% Cl)

7 Anterograde amnesia (defined as 9 587 Risk Ratio (M-H, Random, 0.45[0.30, 0.66]

the number of participants who re- 95% Cl)

called procedure)

8 Quality of recovery (rated as de- 3 166 Risk Ratio (M-H, Random, 0.72[0.08, 6.63]

layed recovery) 95% Cl)

9 Discomfort/Pain 5 415 Risk Ratio (M-H, Random, 0.60[0.24, 1.49]

95% Cl)

Analysis 1.1. Comparison 1 Intravenous midazolam versus

diazepam, Outcome 1 Number of participants rated as 'anxious’.

Study or subgroup Midazolam Diazepam Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Takrouri 1988 4/41 6/34 —.+ 45.05% 0.55[0.17,1.8]
Whitwam 1983 8/50 8/50 + 54.95% 1[0.41,2.46]
Total (95% CI) 91 84 100% 0.8[0.39,1.62]

Total events: 12 (Midazolam), 14 (Diazepam)
Heterogeneity: Tau?=0; Chi*=0.61, df=1(P=0.43); 1>=0%
Test for overall effect: Z=0.62(P=0.53)

i
|
\
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Analysis 1.2. Comparison 1 Intravenous midazolam versus
diazepam, Outcome 2 Participant co-operation (not co-operative).

Study or subgroup Midazolam Diazepam Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Lee 1989 11/53 24/49 —— 28.94% 0.42[0.23,0.77]
Takrouri 1988 9/41 2/34 T 13.54% 3.73[0.86,16.12]
Tolia 1990 11/18 11/21 —— 30.02% 1.17[0.67,2.02]
Whitwam 1983 12/50 14/50 —a— 27.5% 0.86[0.44,1.66]
Total (95% CI) 162 154 - 100% 0.94[0.48,1.84]
Total events: 43 (Midazolam), 51 (Diazepam)
Heterogeneity: Tau?=0.31; Chi*=10.38, df=3(P=0.02); 1*=71.1%
Test for overall effect: Z=0.19(P=0.85) ‘ ‘ ‘ ‘

Favours midazolam  0-01 0.1 1 10 100 Favours diazepam

Analysis 1.3. Comparison 1 Intravenous midazolam versus diazepam, Outcome 3 Participant satisfaction.

Study or subgroup Midazolam Diazepam Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Cole 1983 19 25.4(3.1) 21 23.5(5.5) . 96.65% 1.9[-0.82,4.62]
Korttila 1985 24 82 (22) 27 72(31) — 3.35% 10[-4.64,24.64]
Total *** 43 48 <& 100% 2.17[-0.51,4.85]

Heterogeneity: Tau?=0; Chi*=1.14, df=1(P=0.29); 1?>=12.07%
Test for overall effect: Z=1.59(P=0.11)

Favours diazepam 20 -10 0 0 20 Favours midazolam

Analysis 1.4. Comparison 1 Intravenous midazolam versus diazepam, Outcome 4 Proceduralist satisfaction.

Study or subgroup Midazolam Diazepam Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Cole 1983 19 94 (36.6) 21 88.1(30.2) —‘-I— 30.26% 5.9[-15.03,26.83]
Korttila 1985 24 76 (26) 27 77 (24) —-— 69.74% -1[-14.79,12.79]
Total *** 43 48 * 100% 1.09[-10.43,12.6]
Heterogeneity: Tau?=0; Chi*=0.29, df=1(P=0.59); 1>=0% ‘

Test for overall effect: Z=0.19(P=0.85) ‘

0 50 100 Favours midazolam

Favours diazepam  -100 -50

Analysis 1.5. Comparison 1 Intravenous midazolam versus diazepam, Outcome
5 Difficulty performing procedures (rated as difficult to perform procedure).

Study or subgroup Midazolam Diazepam Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Lee 1989 8/53 15/49 —— 47.03% 0.49[0.23,1.06]
Takrouri 1988 8/41 6/34 — 19.79% 1.11[0.43,2.88]
Favours midazolam  0-01 0.1 1 10 100 Favours diazepam
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Study or subgroup Midazolam Diazepam Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Whitwam 1983 7/50 11/50 — 33.18% 0.64[0.27,1.51]
Total (95% Cl) 144 133 L 100% 0.66[0.41,1.07]

Total events: 23 (Midazolam), 32 (Diazepam)
Heterogeneity: Tau?=0; Chi*=1.68, df=2(P=0.43); 1>=0%
Test for overall effect: Z=1.67(P=0.1)

0.01 0.1

Favours midazolam

Analysis 1.6. Comparison 1 Intravenous midazolam versus

10 100 Favours diazepam

diazepam, Outcome 6 Onset of sedation.

Study or subgroup Midazolam Diazepam Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Cole 1983 19 3.1(0.3) 21 5.9(0.6) L 3 49.88% -2.8[-3.07,-2.53]
Whitwam 1983 50 2.4(0.5) 50 3.2(0.5)  § 50.12% -0.8[-0.99,-0.61]
Total *** 69 71 e 100% -1.8[-3.76,0.16]
Heterogeneity: Tau?=1.99; Chi?>=144.16, df=1(P<0.0001); 1>=99.31%
Test for overall effect: Z=1.8(P=0.07)

Favours midazolam

Favours diazepam

Analysis 1.7. Comparison 1 Intravenous midazolam versus diazepam, Outcome 7
Anterograde amnesia (defined as the number of participants who recalled procedure).

Study or subgroup Midazolam Diazepam Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Aktogu 1994 2/16 5/16 —_— 5.61% 0.4[0.09,1.77]
Cérdova 1992 8/30 24/30 —— 16.29% 0.33[0.18,0.62]
Gilvarry 1990 3/30 11/30 —_— 8.02% 0.27[0.08,0.88]
Korttila 1985 4/24 8/27 — 9.12% 0.56[0.19,1.63]
Lee 1989 0/53 1549 4—+—— 1.87% 0.03[0,0.49]
Sainpy 1984 5/34 11/34 — 10.66% 0.45[0.18,1.17]
Takrouri 1988 11/41 27/34 —— 18.18% 0.34[0.2,0.58]
Tolia 1990 7/18 4/21 — 9.26% 2.04[0.71,5.86]
Whitwam 1983 18/50 35/50 —-— 20.99% 0.51[0.34,0.78]
Total (95% CI) 296 291 <& 100% 0.45[0.3,0.66]
Total events: 58 (Midazolam), 140 (Diazepam)
Heterogeneity: Tau?=0.15; Chi*=15.29, df=8(P=0.05); 1*=47.68%
Test for overall effect: Z=4(P<0.0001)

Favours midazolam 0.01 0.1 1 10 100 Favours diazepam
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Analysis 1.8. Comparison 1 Intravenous midazolam versus
diazepam, Outcome 8 Quality of recovery (rated as delayed recovery).

Study or subgroup Midazolam Diazepam Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Cole 1983 4/19 7/21 —i— 45.05% 0.63[0.22,1.82]
Korttila 1985 4/24 0/27 -, & 27.34% 10.08[0.57,178.05]
Takrouri 1988 0/41 6/34 —_— 27.61% 0.06[0,1.1]
Total (95% CI) 84 82 —l—— 100% 0.72[0.08,6.63]
Total events: 8 (Midazolam), 13 (Diazepam)
Heterogeneity: Tau?=2.57; Chi*=6.06, df=2(P=0.05); 1>=66.97%
Test for overall effect: Z=0.29(P=0.77) ‘ ‘ ‘

Favours midazolam  0-002 0.1 1 10 500 Favours diazepam

Analysis 1.9. Comparison 1 Intravenous midazolam versus diazepam, Outcome 9 Discomfort/Pain.

Study or subgroup Midazolam Diazepam Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Bhalla 2006 6/85 6/85 —_— 22.29% 1[0.34,2.98]
Cole 1983 8/19 6/21 —T* 25.4% 1.47[0.63,3.47]
Lee 1989 2/53 16/49 e — 18.26% 0.12[0.03,0.48]
Sainpy 1984 8/32 10/32 —— 26.29% 0.8[0.36,1.76]
Tolia 1990 0/18 4/21 4 + 7.75% 0.13[0.01,2.24]
Total (95% CI) 207 208 P 100% 0.6[0.24,1.49]
Total events: 24 (Midazolam), 42 (Diazepam)
Heterogeneity: Tau?=0.66; Chi*=12.1, df=4(P=0.02); 1>=66.94%
Test for overall effect: Z=1.11(P=0.27)

Favours midazolam 001 0.1 1 10 100 Favours diazpeam

Comparison 2. Intravenous midazolam versus placebo

Outcome or subgroup title No. of studies

No. of partici-
pants

Statistical method

Effect size

1 Vital signs (mean lowest oxygen 2 207 Mean Difference (IV, Fixed, 95% -1.50[-1.77,-1.23]
saturation) Cl)

2 Vital signs (oxygen desaturation) 3 447 Risk Ratio (M-H, Fixed, 95% CI)  1.12[0.79, 1.58]

3 Vital signs (hypotension) 2 140 Risk Ratio (M-H, Fixed, 95% CI) ~ 0.43[0.07,2.78]

4 Vital signs (tachycardia) 2 207 Risk Ratio (M-H, Fixed, 95% Cl) 1.46 [0.74, 2.87]

5 Vital signs (hypertension) 2 207 Risk Ratio (M-H, Fixed, 95% Cl) 1.15[0.43,3.13]

Midazolam for sedation before procedures (Review)
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Analysis 2.1. Comparison 2 Intravenous midazolam versus
placebo, Outcome 1 Vital signs (mean lowest oxygen saturation).
Study or subgroup Midazolam Placebo Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Bhalla 2006 85 90.5 (3.9) 82 92 (4) - 5.2% -1.49[-2.69,-0.29]
Yuno 1996 20 953(0.4) 20 968(0.5) B 94.8% -15[-1.78,-1.22]
Total *** 105 102 < 100% -1.5[-1.77,-1.23]
Heterogeneity: Tau?=0; Chi*=0, df=1(P=0.99); 1>=0%
Test for overall effect: Z=10.76(P<0.0001)
Favours placebo 2 -1 0 12 Favours midazolam

Analysis 2.2. Comparison 2 Intravenous midazolam versus placebo, Outcome 2 Vital signs (oxygen desaturation).

Study or subgroup Midazolam Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bhalla 2006 35/85 29/82 ' 70.25% 1.16[0.79,1.72]
Fakheri 2010 11/90 12/90 —a— 28.56% 0.92[0.43,1.97]
Rolo 2012 1/50 0/50 1.19% 3[0.13,71.92]
Total (95% CI) 225 222 <& 100% 1.12[0.79,1.58]
Total events: 47 (Midazolam), 41 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.67, df=2(P=0.71); 1>=0%
Test for overall effect: Z=0.62(P=0.54)

6.01 011 1 1‘0 10(;

Favours [midazolam]

Favours [placebo]

Analysis 2.3. Comparison 2 Intravenous midazolam versus placebo, Outcome 3 Vital signs (hypotension).
Study or subgroup Midazolam Placebo Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Rolo 2012 0/50 1/50 = 42.86% 0.33[0.01,7.99]
Yuno 1996 1/20 2/20 —a—— 57.14% 0.5[0.05,5.08]
Total (95% CI) 70 70 ——l 100% 0.43[0.07,2.78]

Total events: 1 (Midazolam), 3 (Placebo)
Heterogeneity: Tau?=0; Chi>=0.04, df=1(P=0.84); 1>=0%
Test for overall effect: Z=0.89(P=0.37)

Favours midazolam

0.01

0.1

1 10

100 Favours placebo

Analysis 2.4. Comparison 2 Intravenous midazolam versus placebo, Outcome 4 Vital signs (tachycardia).

Study or subgroup Midazolam Placebo Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bhalla 2006 15/85 10/82 —¢[ 83.58% 1.45[0.69,3.03]
Yuno 1996 3/20 2/20 —T 16.42% 1.5[0.28,8.04]
0.01 0.1 1 10 100

Favours [midazolam]

Favours [placebo]

Midazolam for sedation before procedures (Review)
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Study or subgroup Midazolam Placebo Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Total (95% Cl) 105 102 100% 1.46[0.74,2.87]

Total events: 18 (Midazolam), 12 (Placebo)
Heterogeneity: Tau?=0; Chi*=0, df=1(P=0.97); 1>=0%
Test for overall effect: Z=1.09(P=0.28)

T
|
\

0.01 0.1 10 100

Favours [midazolam]

Favours [placebo]

Analysis 2.5. Comparison 2 Intravenous midazolam versus placebo, Outcome 5 Vital signs (hypertension).

Study or subgroup Midazolam Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bhalla 2006 2/85 2/82 —+— 33.73% 0.96[0.14,6.69]
Yuno 1996 5/20 4/20 —-— 66.27% 1.25[0.39,3.99]
Total (95% Cl) 105 102 100% 1.15[0.43,3.13]

Total events: 7 (Midazolam), 6 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.05, df=1(P=0.82); 1>=0%
Test for overall effect: Z=0.28(P=0.78)

|
|
|

0.01 0.1 10 100

Favours [midazolam]

Comparison 3. Oral midazolam versus chloral hydrate

Favours [placebo]

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Incomplete procedure 4 268 Risk Ratio (M-H, Fixed, 95% Cl) 4.01[1.92, 8.40]
2 Onset time of sedation 2 200 Mean Difference (IV, Random, 95% 8.37[-3.49, 20.23]
cl)
3 Offset time of sedation 3 233 Mean Difference (IV, Random, 95% -12.87 [-63.24, 37.50]

Cl)

Analysis 3.1. Comparison 3 Oral midazolam versus chloral hydrate, Outcome 1 Incomplete procedure.

Study or subgroup Midazolam Chloral hydrate Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Wheeler 2001 3/25 1/15 — 14.89% 1.8[0.21,15.78]
Akil 2005 1/17 0/18 + 5.8% 3.17[0.14,72.8]
Derakhshanfar 2013 22/80 6/80 —F— 71.48% 3.67[1.57,8.56]
D'Agostino 2000 11/22 0/11 —%—’ 7.83% 12[0.77,186.6]
Total (95% CI) 144 124 - 100% 4.01[1.92,8.4]
Total events: 37 (Midazolam), 7 (Chloral hydrate)
Heterogeneity: Tau?=0; Chi*=1.2, df=3(P=0.75); I>=0%
Test for overall effect: Z=3.68(P=0)

6.01 011 1 1‘0 10(;

Favours [midazolam]

Favours [chloral hydrate]
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Analysis 3.2. Comparison 3 Oral midazolam versus chloral hydrate, Outcome 2 Onset time of sedation.

Study or subgroup Experimental Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Derakhshanfar 2013 80 30.9 (8.8) 80 16.5(5.8) - 50.14% 14.4[12.09,16.71]
Wheeler 2001 25 27.3(2.9) 15 25 (4.7) il 49.86% 2.3[-0.34,4.94]
Total *** 105 95 ——e 100% 8.37[-3.49,20.23]
Heterogeneity: Tau?=71.61; Chi*=45.79, df=1(P<0.0001); 1>=97.82%
Test for overall effect: Z=1.38(P=0.17)

‘-20 -io 0 ;0 20‘

Favours [midazolam]

Favours [chloral hydrate]

Analysis 3.3. Comparison 3 Oral midazolam versus chloral hydrate, Outcome 3 Offset time of sedation.

Study or subgroup Midazolam Chloral hydrate Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
D'Agostino 2000 22 76 (39) 1 95 (26) — = 32.04% -19[-41.4,3.4]
Derakhshanfar 2013 80 92(20.9) 80  68.9(15.6) - 34.05% 23.1[17.39,28.81]
Wheeler 2001 25 37.4(3.4) 15  80.6(15.6) - 33.91% -43.2[-51.21,-35.19]
Total *** 127 106 ——e—— 100% -12.87[-63.24,37.5]
Heterogeneity: Tau?=1931.35; Chi?=177.37, df=2(P<0.0001); 1>=98.87%
Test for overall effect: Z=0.5(P=0.62)
Favours [midazolam] -100 -50 0 50 100 Favours [chloral hydrate]
Comparison 4. Intranasal midazolam versus placebo
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Incomplete procedure 2 149 Risk Ratio (M-H, Fixed, 95% Cl) 0.14[0.02, 1.12]

Analysis 4.1. Comparison 4 Intranasal midazolam versus placebo, Outcome 1 Incomplete procedure.

Study or subgroup Midazolam Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Hollenhorst 2001 0/27 4/27 —.—— 64.05% 0.11[0.01,1.97]
Stokland 2003 0/48 2/47 —_— 35.95% 0.2[0.01,3.98]
Total (95% Cl) 75 74 e 100% 0.14[0.02,1.12]
Total events: 0 (Midazolam), 6 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.07, df=1(P=0.79); 1>=0%
Test for overall effect: Z=1.85(P=0.06)

‘0.005 011 1 fo zoo‘

Favours [midazolam]

Favours [placebo]
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ADDITIONAL TABLES

Table 1. Intravenous midazolam versus diazepam doses

Study

Dose of midazolam

Dose of diazepam

Aktogu 1994

0.06 mg/kg

0.15 mg/kg

Bhalla 2006

5mg (3 mg if older than 65)

5mg (3 mgif older than 65)

Bell 1988

2.5 mgor 1 mg for elderly (mean 6.0 +2.8)

5mgor 2 mg for elderly (mean 11.5+6.7)

Bianchi Porro 1988

0.07 mg/kg

0.15 mg/kg

Cole 1983

5 mg bolus with 2.5 - 3.75 mg increments at 30- - 60-
second intervals as required. Half doses for elderly

5 mg bolus with 2.5 - 3.75 mg increments at 30- -
60-second intervals as required. Half doses for el-
derly

Cérdova 1992 0.10 mg/kg 0.15 mg/kg

Gilvarry 1990 10 mg 20mg

Korttila 1985 0.1 mg/kg 0.2 mg/kg

Lavies 1988 25-75mg 2.5-10mg

Lee 1989 0.07 mg/kg 0.15 mg/kg

Sainpy 1984 0.1 mg under 65 yrs and 0.085 mg over 65 yrsinfused 0.2 mg under 65 yrs and 0.15 mg over 65 yrs in-

in 30 seconds

fused in 30 seconds

Takrouri 1988 mean 5.8 mg mean 5 mg
Tolia 1990 0.1-0.15 mg/kg 0.2-0.4 mg/kg
Whitwam 1983 0.07 mg/kg 0.15 mg/kg

Table 2. Intravenous midazolam versus placebo comparison - doses used

Study

Dose of midazolam

Bhalla 2006

5mg (3 mg if over 65 years old)

Fakheri 2010

mean 3.2 mg (SD 1.6)

Lavies 1988 25-7.5mg
Rolo 2012 0.05 mg/kg
Yuno 1996 0.05 mg/kg
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Table 3. Oral midazolam versus chloral hydrate doses

Study Oral midazolam Oral chloral hydrate
Akil 2005 0.6 mg/kg (max 15 mg) 25 mg/kg (max 0.5 g)
D'Agostino 2000 0.5 mg/kg (max 10 mg) 75 mg/kg (max 2 g)

Derakhshanfar 2013 0.5 mg/kg midazolam. Additional dose upto 8 mg 80 mg/kg chloral hydrate followed by further dose

forinadequate sedation 20 mg/kg if required 20 minutes later
Wheeler 2001 0.5 mg/kg midazolam; second dose 30 minutes af- 75 mg/kg oral chloral hydrate; 30 minutes after the
ter the initial dose, either 0.25 mg/kg initial dose 25 mg/kg

APPENDICES

Appendix 1. CENTRAL search

#1 MeSH descriptor Midazolam explode all trees

#2 (midazolam near (intranasal or endonasal or intravenous or oral or intramuscular or rectal or sub?lingual)):ti,ab
#3 (#1 OR #2)

#4 MeSH descriptor Conscious Sedation explode all trees

#5 MeSH descriptor Anesthesia Recovery Period explode all trees

#6 MeSH descriptor Anesthesia, Intravenous explode all trees

#7 MeSH descriptor Preanesthetic Medication explode all trees

#8 (anxiolysis or sedat* or pre?medicat* or analges* or surgery or endoscop* or fibroscopy or biopsy or tomography or magnetic resonance
or lumbar puncture):ti,ab

#9 (#4 OR #5 OR #6 OR #7 OR #8)

#10 (#3 AND #9)

Appendix 2. Ovid MEDLINE search

1. Midazolam/ or (midazolam adj5 (intranasal or endonasal or intravenous or oral or intramuscular or rectal or sub?lingual)).ti,ab.

2. Conscious Sedation/ or Anesthesia Recovery Period/ or Anesthesia, Intravenous/ or exp Preanesthetic Medication/ or (anxiolysis or
sedat* or pre?medicat* or analges* or surgery or endoscop* or fibroscopy or biopsy or tomography or magnetic resonance or lumbar
puncture).ti,ab.

3.1land2

4. ((randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or placebo.ab. or clinical trials as topic.sh. orrandomly.ab.
or trial.ti.) not (animals not (humans and animals)).sh.

5.3and 4

Appendix 3. Ovid EMBASE search

1. midazolam.ti,ab.

2. sedation/ or anesthetic recovery/ or intravenous anesthesia/ or premedication/ or (anxiolysis or sedat* or pre?medicat* or analges* or
surgery or endoscop* or fibroscopy or biopsy or tomography or magnetic resonance or lumbar puncture).ti,ab.

3.1land2

4. (placebo.sh. or controlled study.ab. or random*.ti,ab. or trial*.ti,ab.) not (animals not (humans and animals)).sh.

5.3and 4

Appendix 4. Study Selection Form

First author Journal/Conference Proceedings etc Year
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Study eligibility

RCT Relevant participants Relevant interventions Relevant outcomes

[age >16, [comparisons between mi-  (Midazolam's efficacy and level of sedation)

dazolam with placebo,
type of procedures (di- (duration of sedation, onset time of sedation,
agnostic, therapeutic), midazolam with other

drugs, timings and doses offset time of sedation, retrograde and anterograde
medical specialty (sur-  of midazolam administra- ) ) ) o )
gical, non-surgical)] tion] amnesia duration, oversedation, disinhibition/excita-

tion,
quality of recovery, discomfort, pain, allergic or

anaphylactoid reactions, use of flumazenil)

Yes/No/Unclear Yes/No/Unclear Yes/No/Unclear Yes/No/Unclear

Do not proceed if any of the above answers are ‘No’. If study to be included in ‘Excluded studies’ section of the review, record below
the information to be inserted into ‘Table of excluded studies’.

Appendix 5. Eligible trial forms

Code each paper Author(s) Journal/Conference Proceedings etc Year

A

Appendix 6. Data Extraction Form

Outcomes Reported in paper  Subgroups Information avail-
able in paper (cir-
(circle) cle)
Primary outcome effective sedation Yes/No Age (<16) Yes/No

Midazolam for sedation before procedures (Review)
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

80



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

(Continued)
Type of procedure-  Yes/No
diagnostic
Type of procedure-  Yes/No
therapeutic
Surgical specialty Yes/No

Secondary outcomes Yes/No

Outcome 1 duration of sedation Yes/No

Outcome 2 onset time of sedation Yes/No

Outcome 3 offset time of sedation Yes/No

Outcome 4 retrograde and anterograde amnesia Yes/No

Outcome 5 oversedation Yes/No

Outcome 6 discomfort, pain Yes/No

Outcome 7 disinhibition/excitation Yes/No

Outcome 8 quality of recovery Yes/No

Outcome 9 allergic or anaphylactoid reactions Yes/No

Outcome 10 need for sedation reversal Yes/No

Midazolam for sedation before procedures (Review) 81
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For continuous data (with a separate copy for each relevant subgroup)

Code of paper  Outcomes Unit of mea-
surement

Intervention group

Control group

Details if out-
come only de-
scribed in text

n Mean (SD)

n

Mean (SD)

Primary Outcome effective sedation

Outcome 1 duration of sedation

Outcome 2 onset time of sedation

Outcome 3 offset time of sedation

Outcome 4 retrograde and anterograde amnesia

Outcome 5 oversedation

Outcome 6 discomfort, pain

Outcome 7 disinhibition/excitation

Outcome 8 quality of recovery

Outcome 9 allergic or anaphylactoid reactions

Outcome 10 need for sedation reversal
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For dichotomous data (with a separate copy for each relevant subgroup)

Code of paper Qutcomes

Intervention group  Control group (n)

(n)

n =number of par-
ticipants, not n=number of par-
ticipants, not
number of events
number of events

Primary outcome effective sedation

Outcome 1 duration of sedation

Outcome 2 onset time of sedation

Outcome 3 offset time of sedation

Outcome 4 retrograde and anterograde amnesia

Outcome 5 oversedation

Outcome 6 discomfort, pain

Outcome 7 disinhibition/excitation

Outcome 8 quality of recovery

Outcome 9 allergic or anaphylactoid reactions

Outcome 10 need for sedation reversal

Other information which you feel is relevant to the results

Indicate if: any data were obtained from the primary author; if results were estimated from graphs etc; or

calculated by you using a formula (this should be stated and the formula given). In general if results not reported in paper(s) are ob-

tained this should be made clear here to be cited in review.

Freehand space for writing actions such as contact with study authors and changes
Were original authors contacted? Yes/No

What questions were addressed?

Midazolam for sedation before procedures (Review)
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References to other trials

Did this report include any references to published reports of potentially eligible trials not already identified for this review?

First author Journal/Conference Year of publication

Did this report include any references to unpublished data from potentially eligible trials not already identified for this review? If yes,
give list contact name and details

Trial characteristics

Further details

Single centre/multicenter

Country/Countries

How was participant eligibility defined?

How many people were randomized?

Number of participants in each intervention group

Number of participants who received intended treatment

Number of participants who were analysed

Drug treatment(s) used

Dose/frequency of administration

Duration of treatment (state weeks/months, etc, if cross-over trial give length of time in each arm)

Median (range) length of follow up reported in this paper (state weeks, months or years or if not

Time-points when measurements were taken during the study

Time-points reported in the study

Time-points you are using in RevMan 5.0

Trial design (e.g. parallel/cross-over*)

Other
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Appendix 7. Quality Assessment of Eligible Trial Form

Methodological quality

Random sequence generation

State here method used to generate allocation and reasons for grading Grade (circle)
Comment on allocation by review authors or included study quote concerning alloca- Low risk of bias (Random)
tion:

High risk of bias (e.g. alternate)

Unclear

Allocation concealment

Process used to prevent foreknowledge of group assignment in a RCT, which should be seen as distinct from blinding

State here method used to conceal allocation and reasons for grading Grade (circle)

Comment on allocation concealment by review authors or included study quote concerning alloca-  Low risk of bias
tion:

High risk of bias

Unclear
Blinding
Participant High/ Low/ Unclear Risk
Outcome assessor High/ Low/ Unclear Risk
Other (please specify) High/ Low/ Unclear Risk

Comment on blinding by review authors or included study quote concerning allocation:

Intention-to-treat

An intention-to-treat analysis is one in which all the participants in a trial are analysed according to the intervention to which they
were allocated, whether they received it or not.
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(Continued)

All participants entering trial

15% or fewer excluded

More than 15% excluded

Not analysed as ‘intention-to-treat’

Unclear

Were withdrawals/dropouts described? Yes ? No? Notclear?
Number of withdrawals/dropouts

Reasons for withdrawals/dropouts

Description of withdrawals/dropouts

Discuss if appropriate

WHAT'S NEW

Date Event Description

17 December 2018 Amended Editorial team changed to Cochrane Emergency and Critical Care

CONTRIBUTIONS OF AUTHORS

Co-ordinating the review: Aaron Conway (AC)

Undertaking manual searches: AC

Screening search results: AC, John Rolley (JR)

Organizing retrieval of papers: AC

Screening retrieved papers against inclusion criteria: AC, JR
Appraising quality of papers: AC, JR

Abstracting data from papers: AC, JR

Writing to authors of papers for additional information: AC
Providing additional data about papers:

Obtaining and screening data on unpublished studies: AC, JR

Data management for the review: AC, JR

Entering data into Review Manager 5 (Review Manager 2014): AC, JR
Data entry checking: AC, JR

RevMan statistical data: AC, JR

Other statistical analysis not using RevMan: AC, JR

Interpretation of data: AC, JR, Joanna Sutherland (JS)

Statistical inferences: AC, JR

Writing the review: AC, JR, JS

Securing funding for the review: n/a

Performing previous work that was the foundation of the present study: n/a
Guarantor for the review (one author): AC

Person responsible for reading and checking review before submission: AC

DECLARATIONS OF INTEREST

Aaron Conway: none known
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John Rolley is currently researching aspects of pre-procedural sedation and fasting for people undergoing diagnostic and interventional
cardiac catheterization laboratory procedures. He has no relationships with any company providing drugs associated with this systematic
review.

Joanna Sutherland was a member of the working party reviewing ANZCA PSQO9 prior to 2014 and was the Clinical Lead for the NSW Agency
for Clinical Innovation working party which developed the Minimum Standards for Safe Procedural Sedation.

SOURCES OF SUPPORT

Internal sources

« None, Other.

External sources

« None, Other.
DIFFERENCES BETWEEN PROTOCOL AND REVIEW

1. The authors of this review carried out the protocol as originally designed by a different set of authors (Mordo 2011).

2. We did not search the LILACS database, as we decided that it would probably not result in the identification of relevant studies not
already captured through searches of CENTRAL, MEDLINE, and EMBASE.

3. We removed 'time to sedation' from the primary outcome section because we could not determine how this was different to onset of
sedation, which was one of the secondary outcomes.

4. We removed 'correct dosing' from the primary outcome section because there was no definition for this term provided in the protocol.

5. We changed 'vital signs' in the primary outcome section from vital signs '(heart rate, electrocardiogram, blood pressure, respiratory
rate and oxygen saturation)' to 'vital signs (heart rate, blood pressure, respiratory rate, and oxygen saturation)".

6. We removed Ramsay scale, motor activity assessment scale and sedation scale from the primary outcomes section and replaced these
with the collective term 'sedation assessment scale".

7. Wechanged 'numeric rating scale of pain'in the primary outcomes section to 'numerical rating scale of anxiety or number of participants
rated as anxious' because discomfort/pain was already also listed in the secondary outcomes section.

8. We changed 'use of flumazenil' in the secondary outcomes section to 'sedation reversal'.
9. We added participant and proceduralist satisfaction as one of the ways that 'effective sedation' could be evaluated.
10.We added 'tolerance of the procedure or participant co-operation' as one of the ways that 'effective sedation' could be evaluated.

11.'Adequate sedation level' was not displayed in the 'Summary of findings' tables because no clear definition for this outcome was
provided in the protocol. Instead we used 'level of sedation on a sedation assessment scale'.

12.Anxiolysis was not defined in the original protocol so we collected data from included trials in both the continuous (numerical rating
of anxiety) and dichotomous (rated as anxious or not) outcomes sections of the data extraction form. We decided to report either a
numerical rating of anxiety or ratings of being anxious in the primary 'Summary of findings' tables, as 'low levels of anxiolysis' was not
defined clearly in the original protocol.

13.As retrograde or anterograde amnesia was listed in both the continuous and dichotomous outcome sections of the data extraction
forms, we attempted to collect both the duration of amnesia and its occurrence. However, only the occurrence of anterograde amnesia
was reported. For this reason, we changed the outcome, 'Retrograde and anterograde amnesia duration: defined by loss of the ability
of recalling events that occurred before being sedated or creating new memories whilst sedated, respectively' to 'Anterograde amnesia
(defined by number of participants who recalled the procedure)'. We used the number of participants who recalled the procedure as
opposed to the number who did not recall the procedure, in order to reduce the risk of calculation errors because this is how the data
were presented in the articles.

14.In order to reduce the risk of calculation errors, we reported the number of incomplete procedures instead of 'ability to complete
procedures' as planned in the protocol, because this is how the data were presented in the articles.

15.Weincluded 'Discomfort/pain’ in the 'Summary of findings' tables instead of 'Discomfort’ as planned in the protocol, to make the tables
consistent with the outcomes section of the review.

16.We had planned in the protocol to consider repeated observations as separate outcomes and group them accordingly for analysis.
However, the studies included in the review reported the change in time-separated observations (such as the change in oxygen
saturation from before to after the administration of sedation), so we did not conduct this.

17.We changed the section 'Dealing with missing data' in the protocol from 'For dichotomous data, we will perform intention-to-treat (ITT)
analyses to include all participants randomized to the intervention groups. For continuous data, we will contact the authors of the
primary studies to supply missing information from participants who withdrew from the studies so that we can include in the analysis
the last individual data before the withdrawal of the participant. If studies do not report withdrawals, or no further data are available,
we will assume there were none.' to 'We analysed the available data on an intention-to-treat basis. If studies did not report withdrawals,
we assumed there were none.' The reason we changed this is because data collected over multiple time points were all intra-procedural
and there were no missing data, so we did not need to collect 'the last individual data before the withdrawal of the participant.'
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18.We now state that we excluded studies where dexmedetomidine was the comparator, as there is another Cochrane review about
sedation for this medication (Shailaja 2013).

19.We now state that we used an available-case analysis as the default for meta-analysis and we also considered sensitivity analysis using
best-case (all participants who withdrew did not experience the event) and worst-case (all participants who withdrew did experience the
event) scenarios for any missing data. No outcomes measured with continuous variables had missing data that needed to be included
in the meta-analyses.

INDEX TERMS

Medical Subject Headings (MeSH)

*Diagnostic Techniques and Procedures; *Therapeutics; Administration, Intranasal; Administration, Oral; Anxiety [*drug therapy];
Chloral Hydrate [administration & dosage]; Diazepam [administration & dosage]; Hypnotics and Sedatives [*administration & dosage];
Injections, Intravenous; Midazolam [*administration & dosage]; Randomized Controlled Trials as Topic

MeSH check words
Adult; Child; Humans
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