
Cochrane
Library

 

Cochrane Database of Systematic Reviews

 
The use of propofol for procedural sedation in emergency
departments (Review)

 

  Wakai A, Blackburn C, McCabe A, Reece E, O'Connor G, Glasheen J, Staunton P, Cronin J,
Sampson C, McCoy SC, O'Sullivan R, Cummins F

 

  Wakai A, Blackburn C, McCabe A, Reece E, O'Connor G, Glasheen J, Staunton P, Cronin J, Sampson C, McCoy SC, O'Sullivan R,
Cummins F. 
The use of propofol for procedural sedation in emergency departments. 
Cochrane Database of Systematic Reviews 2015, Issue 7. Art. No.: CD007399. 
DOI: 10.1002/14651858.CD007399.pub2.

 

  www.cochranelibrary.com  

The use of propofol for procedural sedation in emergency departments (Review)
 

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

https://doi.org/10.1002%2F14651858.CD007399.pub2
https://www.cochranelibrary.com


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

T A B L E   O F   C O N T E N T S

ABSTRACT..................................................................................................................................................................................................... 1

PLAIN LANGUAGE SUMMARY....................................................................................................................................................................... 2

SUMMARY OF FINDINGS.............................................................................................................................................................................. 4

BACKGROUND.............................................................................................................................................................................................. 6

OBJECTIVES.................................................................................................................................................................................................. 6

METHODS..................................................................................................................................................................................................... 6

RESULTS........................................................................................................................................................................................................ 9

Figure 1.................................................................................................................................................................................................. 10

Figure 2.................................................................................................................................................................................................. 12

Figure 3.................................................................................................................................................................................................. 13

DISCUSSION.................................................................................................................................................................................................. 17

AUTHORS' CONCLUSIONS........................................................................................................................................................................... 19

ACKNOWLEDGEMENTS................................................................................................................................................................................ 19

REFERENCES................................................................................................................................................................................................ 20

CHARACTERISTICS OF STUDIES.................................................................................................................................................................. 21

DATA AND ANALYSES.................................................................................................................................................................................... 31

Analysis 1.1. Comparison 1 Adverse eBects, Outcome 1 Desaturation............................................................................................. 33

Analysis 1.2. Comparison 1 Adverse eBects, Outcome 2 Recovery agitation.................................................................................... 33

Analysis 1.3. Comparison 1 Adverse eBects, Outcome 3 Pain with injection.................................................................................... 33

Analysis 1.4. Comparison 1 Adverse eBects, Outcome 4 Oversedation............................................................................................. 34

Analysis 1.5. Comparison 1 Adverse eBects, Outcome 5 Agitation.................................................................................................... 34

Analysis 1.6. Comparison 1 Adverse eBects, Outcome 6 Post-discharge nausea/vomiting.............................................................. 34

Analysis 1.7. Comparison 1 Adverse eBects, Outcome 7 Post-discharge persistent sedation.......................................................... 34

Analysis 1.8. Comparison 1 Adverse eBects, Outcome 8 Post-discharge fever.................................................................................. 34

Analysis 1.9. Comparison 1 Adverse eBects, Outcome 9 Post-discharge recall................................................................................. 34

Analysis 1.10. Comparison 1 Adverse eBects, Outcome 10 Agitation................................................................................................ 35

Analysis 1.11. Comparison 1 Adverse eBects, Outcome 11 Laryngospasm....................................................................................... 35

Analysis 1.12. Comparison 1 Adverse eBects, Outcome 12 Moaning................................................................................................. 35

Analysis 1.13. Comparison 1 Adverse eBects, Outcome 13 Partial airway obstruction.................................................................... 35

Analysis 1.14. Comparison 1 Adverse eBects, Outcome 14 Vomiting................................................................................................ 35

Analysis 1.15. Comparison 1 Adverse eBects, Outcome 15 Apnoea.................................................................................................. 36

Analysis 2.1. Comparison 2 Participant satisfaction, Outcome 1 Participant satisfaction using a visual analogue scale............... 36

Analysis 2.2. Comparison 2 Participant satisfaction, Outcome 2 Participant satisfaction by asking if satisfied with treatment
received..................................................................................................................................................................................................

37

Analysis 2.3. Comparison 2 Participant satisfaction, Outcome 3 Participant satisfaction by using a Likert-type questionnaire...... 37

Analysis 2.4. Comparison 2 Participant satisfaction, Outcome 4 Participant satisfaction using an ordinal scale........................... 37

ADDITIONAL TABLES.................................................................................................................................................................................... 37

APPENDICES................................................................................................................................................................................................. 39

WHAT'S NEW................................................................................................................................................................................................. 42

HISTORY........................................................................................................................................................................................................ 42

CONTRIBUTIONS OF AUTHORS................................................................................................................................................................... 42

DECLARATIONS OF INTEREST..................................................................................................................................................................... 43

DIFFERENCES BETWEEN PROTOCOL AND REVIEW.................................................................................................................................... 43

NOTES........................................................................................................................................................................................................... 44

INDEX TERMS............................................................................................................................................................................................... 44

The use of propofol for procedural sedation in emergency departments (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

i



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

[Intervention Review]

The use of propofol for procedural sedation in emergency departments

Abel Wakai1, Carol Blackburn2, Aileen McCabe3, Emilia Reece4, Ger O'Connor5, John Glasheen6, Paul Staunton7, John Cronin8,

Christopher Sampson9, Siobhan C McCoy6, Ronan O'Sullivan10,11, Fergal Cummins12,13,14,15

1Emergency Care Research Unit (ECRU), Division of Population Health Sciences (PHS), Royal College of Surgeons in Ireland (RCSI), Dublin

2, Ireland. 2Department of Emergency Medicine, Our Lady's Children's Hospital Crumlin, Dublin, Ireland. 3Emergency Care Research

Unit (ECRU), Division of Population Health Sciences (PHS), Royal College of Surgeons in Ireland, Dublin 2, Ireland. 4Department of

Anaesthesia, Princess Alexandra Hospital, Queensland, Australia. 5Department of Emergency Medicine, Mater Misericordiae University

Hospital, Dublin, Ireland. 6Department of Emergency Medicine, Cork University Hospital, Cork, Ireland. 7Department of Emergency

Medicine, St. James's Hospital, Dublin, Ireland. 8Paediatric Emergency Research Unit (PERU), Department of Emergency Medicine,

National Children's Research Centre, Our Lady's Children's Hospital Crumlin; University College Dublin, Dublin, Ireland. 9Department of

Emergency Medicine M562, University of Missouri-Columbia, Columbia, MO, USA. 10Cork University Hospital, Cork, Ireland. 11National

Children's Research Centre, Our Lady's Children's Hospital Crumlin, Dublin, Ireland. 12Department of Clinical Services, National

Ambulance, Abu Dhabi, United Arab Emirates. 13Charles Sturt University, Port Macquarie, Australia. 14Graduate Entry Medical School I,

University of Limerick, Limerick, Ireland. 15REDSPoT Retrieval Emergency Disaster Medicine Research and Development Unit, Limerick,
Ireland

Contact: Abel Wakai, Emergency Care Research Unit (ECRU), Division of Population Health Sciences (PHS), Royal College of Surgeons in
Ireland (RCSI), 123 St. Stephen's Green, Dublin 2, Ireland. awakai@rcsi.ie, abelwakai@beaumont.ie.

Editorial group: Cochrane Emergency and Critical Care Group.
Publication status and date: Edited (no change to conclusions), published in Issue 12, 2018.

Citation:  Wakai A, Blackburn C, McCabe A, Reece E, O'Connor G, Glasheen J, Staunton P, Cronin J, Sampson C, McCoy SC, O'Sullivan R,
Cummins F. The use of propofol for procedural sedation in emergency departments. Cochrane Database of Systematic Reviews 2015,
Issue 7. Art. No.: CD007399. DOI: 10.1002/14651858.CD007399.pub2.

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

A B S T R A C T

Background

There is increasing evidence that propofol is eBicacious and safe for procedural sedation (PS) in the emergency department (ED) setting.
However, propofol has a narrow therapeutic window and lacks of a reversal agent. The aim of this review was to cohere the evidence base
regarding the eBicacy and safety profile of propofol when used in the ED setting for PS.

Objectives

To identify and evaluate all randomized controlled trials (RCTs) comparing propofol with alternative drugs (benzodiazepines, barbiturates,
etomidate and ketamine) used in the ED setting for PS.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane Library 2013, Issue 9), MEDLINE (1950 to
September week 2 2013) and EMBASE (1980 to week 2 2013). We searched the Current Controlled Trials metaRegister of Clinical Trials
(compiled by Current Science) (September 2013). We checked the reference lists of trials and contacted trial authors. We imposed no
language restriction. We re-ran the search in February 2015. We will deal with the one study awaiting classification when we update the
review.

Selection criteria

RCTs comparing propofol to alternative drugs (benzodiazepines, barbiturates, etomidate and ketamine) used in the ED setting for PS in
participants of all ages.
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Data collection and analysis

Two authors independently performed data extraction. Two authors performed trial quality assessment. We used mean diBerence
(MD), odds ratio (OR) and 95% confidence intervals (CI) to measure eBect sizes. Two authors independently assessed and rated the
methodological quality of each trial using The Cochrane Collaboration tool for assessing risk of bias.

Main results

Ten studies (813 participants) met the inclusion criteria. Two studies only included participants 18 years and younger; six studies only
included participants 18 years and older; one study included participants between 16 and 65 years of age and one study included only
adults but did not specify the age range. Eight of the included studies had a high risk of bias. The included studies were clinically
heterogeneous. We undertook no meta-analysis.

The primary outcome measures of this review were: adverse eBects (as defined by the study authors) and participant satisfaction
(as defined by the study authors). In one study comparing propofol/fentanyl with ketamine/midazolam, delayed adverse reactions
(nightmares and behavioural change) were noted in 10% of the ketamine/midazolam group and none in the propofol/fentanyl group.
Seven individual studies reported no evidence of a diBerence in adverse eBects between intravenous propofol, with and without adjunctive
analgesic agents, and alternative interventions. Three individual studies reported no evidence of a diBerence in pain at the injection site
between intravenous propofol and alternative interventions. Four individual studies reported no evidence of a diBerence in participant
satisfaction between intravenous propofol, with and without adjunctive analgesic agents, and alternative interventions (ketamine,
etomidate, midazolam). All the studies employed propofol without the use of an adjunctive analgesic and all, except one, were small (fewer
than 100 participants) studies. The quality of evidence for the adverse eBects and participant satisfaction outcomes was very low.

Nine included studies (eight comparisons) reported all the secondary outcome measures of the review except mortality. It was not possible
to pool the results of the included studies for any of the secondary outcome measures because the comparator interventions were diBerent
and the measures were reported in diBerent ways. Seven individual studies reported no evidence of diBerence in incidence of hypoxia
between intravenous propofol, with and without adjunctive analgesic agents, and alternative interventions.

Authors' conclusions

No firm conclusions can be drawn concerning the comparative eBects of administering intravenous propofol, with or without an adjunctive
analgesic agent, with alternative interventions in participants undergoing PS in the ED setting on adverse eBects (including pain at the
injection site) and participant satisfaction. The review was limited because no two included studies employed the same comparator
interventions, and because the number of participants in eight of the included studies were small (fewer than 100 participants).

P L A I N   L A N G U A G E   S U M M A R Y

Comparison of propofol (an anaesthetic drug) with other drug options for sedating people undergoing painful procedures in
emergency departments

Background

Propofol is a drug frequently used as a general anaesthetic to sedate (calm) people for surgery in the operating theatre. It is administered
into a vein. There is increasing evidence that propofol can be used outside of the operating theatre to sedate people undergoing painful
procedures (e.g. when relocating a joint that is out of its normal position because of an injury) in the emergency department (ED) setting.

Review question

We reviewed the evidence regarding the use of propofol to sedate people in the ED undergoing painful medical procedures. We wanted to
discover the eBectiveness and safety of propofol compared with other drugs used to sedate people in the ED.

Study characteristics

The evidence obtained is current to September 2013. We re-ran the search in February 2015 and we will deal with the study awaiting
classification when we update the review. We included 10 studies involving 813 participants. The included studies compared propofol
with five other alternative drugs used to sedate people in the ED. We could not pool the results of the 10 studies because no two studies
compared the same drug options.

Key results

We found very low quality evidence for the eBects of propofol and the other drugs used for sedating people in the ED in terms of
complications (side eBects, including pain at the injection site) and participant satisfaction. In one study comparing a drug combination of
propofol and fentanyl (a painkiller) with midazolam and ketamine (a drug which acts as both a painkiller and a sedative), delayed adverse
reactions (nightmares and behavioural change) were noted in 10% of the ketamine/midazolam group and none in the propofol/fentanyl
group.

The use of propofol for procedural sedation in emergency departments (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

2



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Quality of the evidence

The quality of the evidence was overall very low.
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Summary of findings for the main comparison.   Intravenous propofol compared with alternative intravenous sedative or hypnotic for emergency
department procedural sedation

Intravenous propofol compared with alternative intravenous sedative or hypnotic for emergency department procedural sedation

Patient or population: emergency department procedural sedation
Settings: emergency departments
Intervention: intravenous propofol
Comparison: alternative intravenous sedative or hypnotic

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Alternative intra-
venous sedative or
hypnotic

Intravenous propofol

Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Study populationAdverse effects (as
defined by study au-
thors) 0 per 1000 0 per 1000

(0 to 0)

Not estimable 527
(7 RCTs)

⊕⊝⊝⊝

Very low 1
Clinical heterogeneity prevented a
summary statistic

Study populationParticipant satisfac-
tion (as defined by
study authors) 0 per 1000 0 per 1000

(0 to 0)

Not estimable 413
(4 RCTs)

⊕⊝⊝⊝

Very low 2
Clinical heterogeneity prevented a
summary statistic

Study populationPain with injection

0 per 1000 0 per 1000
(0 to 0)

Not estimable 193
(3 RCTs)

⊕⊝⊝⊝

Very low 3
Clinical heterogeneity prevented a
summary statistic

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. 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% CI).
CI: confidence interval; RCT: randomized controlled trial.

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.
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Very low quality: We are very uncertain about the estimate.

1The 7 included studies all employed diBerent comparator interventions (Coll-Vinent 2003; Dunn 2011; Godambe 2003; Havel 1999; Miner 2010; Parlak 2006; Taylor 2005). The
quality of evidence was rated down 3 levels for risk of bias because of very serious concerns about inadequate blinding. Coll-Vinent 2003 reported that the physician responsible
for observing time intervals and recovery time was not blinded to the agent used. Dunn 2011 employed no blinding. Godambe 2003 reported blinding of participants, parents
and reviewers of the recorded procedure. Havel 1999 reported that blinding during sedation was achieved by shielding medications, infusion tubing and intravenous site from
everyone but the study investigator. Miner 2010 reported that neither participants nor staB were blinded to the study drug being administered. Parlak 2006 reported that only the
researcher collecting data was blinded to the study drug. Taylor 2005 reported that the doctor performing the procedure was blinded but not the sedation doctor. The quality of
evidence was rated down 3 levels for imprecision because the reported CIs around the estimates of treatment eBect were very wide. The quality of evidence was rated down 3
levels for inconsistency due to significant clinical heterogeneity in the studies reporting this outcome measure. The quality of evidence was rated down 1 level for indirectness
because in 1 study the setting included the coronary care unit (Parlak 2006). The quality of evidence was rated down 3 levels for publication bias because the available evidence
comes from small studies (6 of the 7 studies reporting this outcome measure employed fewer than 100 participants).
2The 4 included studies all employed diBerent comparator interventions (Coll-Vinent 2003; Miner 2007; Miner 2010; Parlak 2006). The quality of evidence was rated down three
levels for risk of bias because of very serious concerns about inadequate blinding. Coll-Vinent 2003 reported that the physician responsible for observing time intervals and
recovery time was not blinded to the agent used. Miner 2010 and Miner 2007 reported that neither participants nor staB were blinded to the study drug being administered. Parlak
2006 reported that only the researcher collecting data was blinded to the study drug. The quality of evidence was rated down 3 levels for imprecision because the only reported
CI around the estimates of treatment eBect was very wide (Miner 2007). The quality of evidence was rated down 3 levels for inconsistency due to significant clinical heterogeneity
in the studies reporting this outcome measure. The quality of evidence was rated down 1 level for indirectness because in 1 study the setting included the coronary care unit
(Parlak 2006). The quality of evidence was rated down 3 levels for publication bias because the available evidence comes from small studies (3 of the 4 studies reporting this
outcome measure employed fewer than 100 participants).
3The 3 included studies all employed diBerent comparator interventions (Coll-Vinent 2003; Havel 1999; Taylor 2005). The quality of evidence was rated down 3 levels for risk of
bias because of very serious concerns about inadequate blinding. Coll-Vinent 2003 reported that the physician responsible for observing time intervals and recovery time was
not blinded to the agent used. Havel 1999 reported that blinding during sedation was achieved by shielding medications, infusion tubing and intravenous site from everyone
but the study investigator. Taylor 2005 reported that the doctor performing the procedure was blinded but not the sedation doctor. The quality of evidence was rated down 3
levels for imprecision because the reported CIs around the estimates of treatment eBect were very wide (Havel 1999; Taylor 2005). The quality of evidence was rated down 3 levels
for inconsistency due to significant clinical heterogeneity in the studies reporting this outcome measure. The quality of evidence was not rated down for indirectness because
all the studies reporting this outcome measure, which is important to participants, where applied to the emergency department participant population. The quality of evidence
was rated down 3 levels for publication bias because the available evidence comes from small studies (all the studies reporting this outcome measure employed fewer than 100
participants).
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B A C K G R O U N D

Description of the condition

Many people presenting to emergency departments (ED) are in
an anxious state because they are in distressing pain (e.g. due
to a joint dislocation). Their anxiety is further heightened by
some of the painful procedures required for the management of
the underlying clinical condition (e.g. reduction of a dislocated
joint). Procedural sedation (PS) may be required for sedation,
hypnosis and relaxation for painful procedures. It may also be
required to provide adequate operating conditions by minimizing
movement or by inducing amnesia for unpleasant procedures (e.g.
wound closure by suturing in children). When analgesia cannot be
guaranteed in adults, PS may also be required.

Accordingly, the management of sedation and analgesia is an
important component of comprehensive emergency medical care
(Godwin 2014). People undergoing painful procedures in the ED
may, therefore, require a potent sedative in addition to opioid
analgesia to proactively address pain and anxiety. This proactive
strategy may improve quality of care and participant satisfaction
by facilitating interventional procedures and minimizing suBering
(Godwin 2014).

Description of the intervention

Since its introduction in 1977, propofol (2,6-diisopropylphenol) has
gained popularity with anaesthetists for sedation in the operating
theatre, and for PS in many settings (Kaye 2014; Mittal 2013;
Tang 2010). It is an intravenous hypnotic agent commonly used
in general anaesthesia for the induction and maintenance of
anaesthesia and sedation.

How the intervention might work

Propofol has many properties that make it an attractive agent for PS
in the ED setting (Kaye 2014). Propofol has a rapid onset of action,
its clinical eBect is essentially immediate aOer administration ('one
arm-brain circulatory time'), and it produces hypnosis usually
within 20 to 40 seconds from the time of injection (Kaye 2014).
Peak eBect occurs at 92 seconds (Caro 2012; Diprivan 2002). It
has an ultrashort half-life (distribution t½ two to four minutes)

with extremely short recovery times (RT) aOer sedation, typically
between five and 10 minutes (Caro 2012). Its marked potency
reliably produces eBective PS and analgesia, even for very painful
procedures (Green 2003). Propofol use is rarely associated with
emesis (Green 2003). The disadvantages of propofol include lack
of a direct analgesic eBect, lack of a reversal agent, respiratory
and haemodynamic depression, and a narrow therapeutic window
(Green 2003; Kaye 2014).

Why it is important to do this review

There is increasing evidence that propofol may be an appropriate
agent for use as part of ED PS (Godwin 2014; Kaye 2014). In the US,
the Joint Commission permits the use of propofol by emergency
physicians, depending on the policy of their individual hospitals
(Bahn 2005; Green 2003; The Joint Commission 2005). However,
the Joint Commission emphasises that the physician administering
propofol for sedation must be qualified to manage the person
at whatever level of sedation or anaesthesia is achieved, either
intentionally or unintentionally (The Joint Commission 2008). In
addition, the Joint Commission emphasises that the physician

administering the sedation must be qualified to monitor the
patient, even if there is need for additional monitoring personnel
(The Joint Commission 2008). One published Cochrane protocol
focused on anaesthetic and sedative agents used only for electrical
cardioversion is of relevance (Reed 2013). The aim of this systematic
review is to provide an objective evidence base to inform future
clinical practice guidelines regarding the eBicacy and safety profile
of propofol when used in the ED setting for sedation in a wide range
of procedures.

O B J E C T I V E S

To identify and evaluate all randomized controlled trials (RCTs)
comparing propofol with alternative drugs (benzodiazepines,
barbiturates, etomidate and ketamine) used in the ED setting for PS.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included RCTs and quasi-RCTs in all languages.

We defined an RCT as a study in which participants were allocated
to treatment groups on the basis of a random method (e.g. using
random number tables) and a quasi-RCT as one in which treatment
allocation was done using a quasi-random method (e.g. hospital
number, date of birth). We excluded studies with a cross-over
design.

Types of participants

We included participants of all ages undergoing PS by ED staB in the
ED setting.

Types of interventions

The target intervention was administration of intravenous
propofol, with or without the use of adjunctive opioid or non-opioid
analgesic agents, compared with another intravenous sedative or
hypnotic also administered with or without the use of adjunctive
opioid or non-opioid analgesic agents to provide PS in the ED
setting.

Inclusion criteria

Any study in which propofol with or without the use of adjunctive
opioid or non-opioid analgesic agents was compared against
another sedative or hypnotic with or without the use of adjunctive
opioid or non-opioid analgesic agents for PS in the ED setting.

Exclusion criteria

Any study in which two or more sedatives were used in either study
arm.

Types of outcome measures

Primary outcomes

• Adverse eBects (as defined by the study authors).

• Participant satisfaction (as defined by the study authors).

Secondary outcomes

• Physician satisfaction (as defined by the study authors).

• Awakening time (as defined by the study authors).
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• Procedural recall by participant.

• Bispectral index (BIS) score during PS.

• Incidence of hypoxia.

• Need for ventilation.

• Incidence of hypotension.

• Minor complications (as defined by the study authors).

• Major complications (as defined by the study authors).

• Mortality.

• Cost.

Search methods for identification of studies

Electronic searches

We performed a computer-assisted search without language
restriction for RCTs comparing propofol (Diprivan; Fresofol; Pofol;
Propofol; Recofol) with alternative drugs used in the ED setting for
PS. We searched the Cochrane Central Register of Controlled Trials
(CENTRAL; Appendix 1) on The Cochrane Library (2013, Issue 9),
MEDLINE (1950 to September week 2, 2013; Appendix 2), EMBASE
(1980 to week 2, 2013; Appendix 3), CINAHL (Appendix 4) and ISI
Web of Science (Appendix 5). We used the Cochrane sensitivity-
maximising RCT filter (Lefebvre 1996). We also searched the
Current Controlled Trials metaRegister of Clinical Trials (compiled
by Current Science) (September 2013). We re-ran the search in
February 2015. We will deal with any studies of interest when we
update the review.

Searching other resources

We also searched the reference lists of review articles, relevant
trials, textbooks and abstracts of scientific meetings to identify
further RCTs. We reviewed the titles and abstracts to identify all
potential RCTs. We obtained the full-text versions of these articles.
We made additional eBorts to identify potential RCTs relevant to the
topic from the following data sources:

• foreign language literature;

• grey literature (theses, internal reports, non-peer reviewed
journals);

• references (and references of references) cited in primary
sources;

• other unpublished sources known to experts in the speciality
(sought by personal communication);

• raw data from published trials (sought by personal
communication).

We did not impose a language restriction.

Data collection and analysis

We conducted data collection and analysis following the guidelines
available in the Cochrane Handbook of Systematic Reviews of
Interventions (Higgins 2011).

Selection of studies

Three authors (JG, GOC and SM) independently screened all titles
and abstracts for potentially relevant studies. We retrieved full-
text copies of all papers that were deemed potentially eligible
by consensus of two authors (JG and GOC) and screened them
against the inclusion criteria. We resolved diBerences by consensus

between the two authors (JG and GOC) and by consulting a third
author (AW) as necessary.

Data extraction and management

Two authors (AM and ER) independently extracted data using
a standardized data collection form that included information
regarding the name of the first author, year of publication,
study design, study population and study setting. In addition
to information pertaining to participant characteristics, study
inclusion and exclusion criteria, details of the interventions
compared and study outcomes, we extracted information regarding
study methodology. This included the method of randomization,
allocation concealment, frequency and handling of withdrawals,
and adherence to the intention-to-treat principle. We contacted the
trialists to obtain missing data or to clarify study design features,
where necessary. We resolved disagreements through discussion
and consultation with a third author (AW) as required. We were
not blinded to the names of the study authors, investigators,
institutions or the results.

Assessment of risk of bias in included studies

Two authors (AM and ER) independently assessed and rated
the methodological quality of each trial using The Cochrane
Collaboration tool for assessing risk of bias (Higgins 2011). We
judged the quality of the studies by evaluating the studies for the
six domains found in Appendix 6. The six domains were as follows.

• Random sequence generation.

• Allocation concealment.

• Blinding of participants and personnel.

• Blinding of outcome assessment.

• Incomplete outcome data.

• Other bias (other sources of bias).

We evaluated each study and assessed each separately for these
domains. We judged each explicitly as follows:

• low risk of bias;

• high risk of bias;

• unclear risk (lack of information or uncertainty over the
potential for bias).

We entered the data on what was reported to have happened in the
study in the 'risk of bias' table in Review Manager 5 (RevMan 2014).
We contacted trialists to obtain further information if clarity was
required regarding an included study. We present a summary figure
of the 'risk of bias in included studies' in the review. This provides
a context for discussing the reliability of the results of this review.
We resolved any disagreement by referring to a third author (AW) to
reach a consensus.

Measures of treatment e>ect

We planned to calculate summary estimates of treatment eBect
with 95% confidence intervals (CI) for each comparison. For
continuous data, we planned to use the mean diBerence (MD)
whenever outcomes were measured in a standard way across
studies. This has the advantage of summarizing results in
natural units that are easily understood. We planned to use
the standardized mean diBerence (SMD) if it was desirable
to summarize results across studies with outcomes that are
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conceptually the same but measured in diBerent ways (e.g.
diBerent pain scores). For dichotomous (or binary) data, we
planned to describe results both as a relative measure (risk ratio
(RR)) and an absolute measure (risk diBerence). Relative measures
(such as RRs) can be used to combine studies but absolute
measures (such as the risk diBerence) are particularly useful when
considering trade-oBs between the likely benefits and likely harms
of an intervention (Deeks 2008).

Dealing with missing data

No simple solution exists for the problem of missing data. We
handled this problem by contacting the investigators, whenever
possible, to ensure that no data were missing for their study. In
addition, we made explicit the assumptions of whatever method
was used to cope with missing data.

Assessment of heterogeneity

We planned to evaluate clinical heterogeneity (diBerences between
studies in key characteristics of the participants, interventions or
outcome measures). In the absence of clinical heterogeneity, we

planned to use the I2 statistic to describe the percentage of total
variation across studies that was due to heterogeneity rather than

chance (Higgins 2003). We planned to consider an I2 > 50% as
significant statistical heterogeneity. We also planned to use visual
inspection of the graphic representation of studies with their 95% CI
to assess heterogeneity. We planned to generate tables and graphs
using the analysis module included in Review Manager 5 (RevMan
2014). We planned to represent pooled odds ratios (OR) pictorially
as a 'forest plot' to permit visual examination of the degree of
heterogeneity between studies.

Assessment of reporting biases

Detecting publication bias is diBicult; it is better to avoid it
(Glasziou 2001). We avoided publication bias by comprehensive
literature searching and use of study registries (Glasziou 2001).
We planned to use a graphical display (funnel plot) of the size of
the treatment eBect against the precision of the trial (1/standard
error) to investigate publication bias, by examining for signs of
asymmetry. Publication bias is associated with asymmetry (Light
1984). We planned to seek reasons other than publication bias if
there was asymmetry; for example, poor methodological quality of
smaller studies, true heterogeneity, artefact or chance (Egger 1997).

Data synthesis

Two authors (PS and JC) independently entered data into Review
Manager 5 for statistical analysis (RevMan 2014). The results
concentrated on the objectives and comparisons specified in the
protocol of the review. Post hoc analyses were identified as such.
We planned to analyse results using both fixed-eBect and random-
eBects models, because for each model there are situations where
the result is counterintuitive. We planned to give more emphasis
to the random-eBects model if there was significant statistical

heterogeneity (I2 > 50%) and the diBerences in the results were of
practical importance. The random-eBects model takes into account
between-study variability as well as within-study variability. We
planned to also use a fixed-eBect model to test the robustness
of the analysis and for outliers. We planned to consider the
appropriateness of meta-analysis in the presence of significant
clinical or statistical heterogeneity. We planned to perform meta-
analyses using Review Manager 5 (RevMan 2014). For dichotomous

(or binary) data, we planned to describe the results both as a
relative measure (OR, RR, and relative risk reduction) and an
absolute measure (risk diBerence). Relative measures (ORs and
RRs) can be used to combine studies but absolute measures can be
more informative than relative measures because they reflect the
baseline risk as well as the change in risk with the intervention. For
continuous data, we planned to use the MD whenever outcomes
were measured in a standard way across studies. This has the
advantage of summarizing results in natural units that are easily
understood. If it was desirable to summarize results across studies
with outcomes that were conceptually the same but measured in
diBerent ways (e.g. diBerent pain scores), we planned to use SMDs.

We generated tables and graphs using the analysis module
included in Review Manager 5 (RevMan 2014). We planned to
represent pooled ORs pictorially as a 'forest plot' to permit visual
examination of the degree of heterogeneity between studies.

We minimized publication bias by comprehensive literature
searching (Glasziou 2001). In addition, we planned to use a
graphical display (funnel plot) of the size of the treatment eBect
against the precision of the trial (1/standard error) to investigate
publication bias.

We employed the Grades of Recommendation, Assessment,
Development and Evaluation (GRADE) approach to assess the
quality of evidence for each primary outcome (Langendam 2013),
and the GRADE profiler (GRADEpro) allowed us to create a
'Summary of findings' table. This table provides outcome-specific
information concerning the overall quality of evidence from
studies included in the comparison (Summary of findings for the
main comparison). The following outcomes were included in the
Summary of findings for the main comparison table:

• adverse eBects (as defined by the study authors);

• participant satisfaction (as defined by the study authors);

• pain with injection.

Using the GRADE approach, the quality of the evidence may be
downgraded for factors such as study limitations, inconsistency of
results, imprecision, indirectness of evidence or publication bias.
The basis of our judgements using the GRADE approach is made
explicit in the footnotes of the Summary of findings for the main
comparison.

Subgroup analysis and investigation of heterogeneity

We evaluated clinical heterogeneity (diBerences between studies
in key characteristics of the participants, interventions or outcome
measures). In the absence of clinical heterogeneity, we planned

to use the I2 statistic to describe the percentage of total variation
across studies that was due to heterogeneity rather than chance

(Higgins 2003). We planned to consider an I2 > 50% as significant
statistical heterogeneity. We also planned to use visual inspection
of the graphic representation of studies with their 95% CI to assess
heterogeneity.

We planned to investigate heterogeneity by performing four
subgroup analyses based on intuitive reasons:

• older people (participants aged 65 and older) because these
participants have relatively limited cardiorespiratory reserve
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with an increased likelihood to experience adverse eBects
during PS;

• single sedationist or operator versus separate operator and
sedationist;

• use of propofol in trauma versus non-trauma emergencies;

• PS using propofol in the ED setting by anaesthetist versus non-
anaesthetist.

Sensitivity analysis

We planned to perform sensitivity analyses to test how sensitive
the results were to reasonable changes in the assumptions that
were made and in the methods for combining the data (Lau
1998). We planned to perform sensitivity analysis regarding RCTs
versus quasi-RCTs and eventually good-quality studies versus poor-
quality studies. We defined a good-quality study as one that has
all of the following domains: adequate allocation concealment,
blinding of outcome assessment and data analysis performed

according to the intention-to-treat principle. We defined a poor-
quality study as one that lacked one or more of these key domains.

R E S U L T S

Description of studies

See: Characteristics of included studies; Characteristics of excluded
studies.

Results of the search

We identified 13 abstracts from the 6273 results obtained by
searching according to the methods mentioned in Search methods
for identification of studies. Figure 1 presents the details. One
included study had two abstract publications. Twelve abstracts
qualified (by consensus) for full-text analysis. We accessed all 12
full-text versions of the abstracts, and two were excluded for the
reasons detailed in Figure 1. Thus, 10 studies met the a priori criteria
for inclusion in the final analysis.
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Figure 1.   Study flow diagram.
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Figure 1.   (Continued)

 
We re-ran the search in February 2015. We found 828 citations. We
found one study of interest, which is mentioned in Characteristics
of studies awaiting classification. We will deal with the study of
interest when we update the review.

Included studies

The review included 10 studies (Ab-Rahman 2010; Coll-Vinent 2003;
Dunn 2011; Godambe 2003; Havel 1999; Holger 2005; Miner 2007;
Miner 2010; Parlak 2006; Taylor 2005) (Table 1). One study was
eligible and is awaiting classification (Ozturk 2014).

Study participants

Two studies only included participants aged 18 years and younger
(Godambe 2003; Havel 1999); four studies included participants
aged 18 years and older (Coll-Vinent 2003; Miner 2007; Miner 2010;
Taylor 2005); one study included participants aged between 16
and 65 years (Dunn 2011); one study included participants aged
between 18 and 65 years (Holger 2005); one study included two
diBerent age groups, younger than 65 years and older than 65 years,
but did not report any specific lower age limit (Parlak 2006); and one
study included only adults but did not specify the age range (Ab-
Rahman 2010).

Characteristics of interventions

The interventions compared with propofol in this review were
diverse (Table 1).

Although three studies compared propofol with midazolam (Coll-
Vinent 2003; Havel 1999; Holger 2005), the three studies employed
diBerent drug dosing regimens for the comparator interventions.
Furthermore, two studies involved adults (aged 18 to 65 years)
(Coll-Vinent 2003; Holger 2005), while one study involved children
(aged 2 to 18 years) (Havel 1999).

Two studies compared propofol/fentanyl and midazolam/
fentanyl, but the dosing regimens employed for the comparator
interventions were diBerent in the two studies (Ab-Rahman 2010;
Parlak 2006). Additionally, Ab-Rahman 2010 reported recruiting "all

trauma (except head injury) and non-trauma adult patients" while
Parlak 2006 recruited only people with atrial fibrillation requiring
cardioversion.

Outcomes measured

Seven studies reported the first primary outcome measure of this
review, adverse eBects (as defined by the study authors) (Table
2). Three studies reported pain at the injection site (a well-known
adverse eBect associated with propofol injection) (Coll-Vinent
2003; Havel 1999; Taylor 2005). Four studies reported the second
primary outcome measure of this review, participant satisfaction
(as defined by the study authors) (Table 3).

Nine included studies reported one or more of the secondary
outcome measures of this review, except mortality (Coll-Vinent
2003; Dunn 2011; Godambe 2003; Havel 1999; Holger 2005; Miner
2007; Miner 2010; Parlak 2006; Taylor 2005). None of the included
studies in this review explicitly reported mortality as an outcome
measure. One included study did not report any of the secondary
outcome measures of this review (Ab-Rahman 2010).

Excluded studies

We excluded three trials (Ab-Rahman 2008; Miner 2005; Miner
2009). One of the excluded trials was a prospective RCT of ED
PS with propofol alone; there was no comparator intravenous
sedative or hypnotic (Miner 2005). One trial was a non-blinded
prospective RCT of ED deep PS with propofol with or without an
intravenous opioid analgesic (alfentanil); there was no comparator
intravenous sedative or hypnotic (Miner 2009). One trial was an
abstract publication of an included studies (Ab-Rahman 2008). The
Characteristics of excluded studies table and Figure 1 show the
details of the excluded studies.

Awaiting classification

One study is awaiting classification (Ozturk 2014) (Characteristics
of studies awaiting classification table).
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Ongoing studies

We found no ongoing studies.

Risk of bias in included studies

We evaluated the overall quality of each study according to the
methodology detailed in Assessment of risk of bias in included
studies. The Characteristics of included studies table presents the
diBerent risk of bias domains. Figure 2 and Figure 3 present a graph
and summary of the risk of bias of included studies.

 

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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Allocation

Concerning allocation concealment, four of the included studies
had no concealment of allocation (Dunn 2011; Holger 2005; Miner
2007; Miner 2010).

Blinding

In three of the included studies, the trial personnel were blinded but
the participants were not blinded (Ab-Rahman 2010; Parlak 2006;
Taylor 2005). In two of the included studies, the trial personnel were
not blinded but the participants were blinded (Godambe 2003;
Havel 1999). There was no blinding in one included study (Coll-
Vinent 2003).

Incomplete outcome data

Three of the included studies had evidence of attrition bias
as detailed in the Characteristics of included studies table (Ab-
Rahman 2010; Havel 1999; Holger 2005).

Selective reporting

There was no evidence of reporting bias in any of the included
studies.

Other potential sources of bias

There was no obvious other potential sources of bias identified in
the included trials. Given the relatively small number of included
trials, we were unable to assess publication bias using the funnel
plot approach (Higgins 2011).

E>ects of interventions

See: Summary of findings for the main comparison Intravenous
propofol compared with alternative intravenous sedative or
hypnotic for emergency department procedural sedation

Primary outcome measures

We created a 'Summary of findings' table that included the primary
outcome measures of our review: adverse eBects (as defined by the
study authors) and participant satisfaction (as defined by the study
authors) (Summary of findings for the main comparison).

Adverse e>ects

Seven included studies reported adverse eBects as an outcome
measure (Coll-Vinent 2003; Dunn 2011; Godambe 2003; Havel 1999;
Miner 2010; Parlak 2006; Taylor 2005) (Table 2). Three included
studies did not report adverse eBects as an outcome measure (Ab-
Rahman 2010; Holger 2005; Miner 2007). The seven studies that
reported adverse eBects as an outcome measure could not be
pooled for meta-analysis because the studies employed diBerent
comparisons.

Propofol versus ketamine

The only trial comparing propofol versus ketamine reported no
serious adverse events (Miner 2010). Recovery agitation was
reported in four (8.0%) participants in the propofol group and
17 (36.2%) participants in the ketamine group (diBerence 28.2%,
95% CI 12.4% to 43.9%). Four participants in the ketamine group
required treatment with intravenous midazolam for recovery
agitation. The other 13 participants did not require additional
medications for recovery agitation. All of these episodes resolved
without further incident.

Propofol versus midazolam

The only trial comparing propofol versus midazolam assessed
the following adverse eBects: pain with injection, oversedation
and post-discharge complications (nausea/vomiting, persistent
sedation, fever and recall) (Havel 1999). There was no significant
diBerence between propofol and midazolam in terms of pain
with injection (P value = 0.67; OR 1.65, 95% CI 0.21 to 15.02),
oversedation (P value = 0.82; OR 0.91, 95% CI 0.52 to 1.68) or
agitation (P value = 1.00; OR 0.7, 95% CI 0.08 to 5.53). There was
also no diBerence between propofol and midazolam regarding the
following post-discharge complications: nausea/vomiting (P value
= 0.5; OR 1.51, 95% CI 0.4 to 5.83), persistent sedation (P value = 0.25;
OR 0.52, 95% CI 0.15 to 1.8), fever (P value = 0.45; OR 0.0, 95% CI
0.0 to 14.3) and recall (P value = 0.44; OR 2.21, 95% CI 0.33 to 18.42)
(Havel 1999).

Propofol/fentanyl versus ketamine/midazolam

The only trial comparing propofol/fentanyl versus ketamine/
midazolam reported no significant diBerence in the following
adverse events: agitation (P value = 0.106), emesis (P value =
0.226), pain (P value = 0.497), laryngospasm (P value = 1.000)
and apnoea (P value = 1.000) (Godambe 2003). Delayed adverse
reactions (nightmares and behavioural change) were noted in 10%
of the ketamine/midazolam group and 0% of the propofol/fentanyl
group (Godambe 2003).

Propofol versus midazolam/fentanyl

The only trial comparing propofol versus midazolam/fentanyl
reported no significant diBerence in the following specified adverse
events: moaning (P value = 0.154; MD 17.8%, 95% CI -5.5% to 41%),
partial airway obstruction (P value = 0.815; MD 0.7%, 95% CI -16%
to 17.3%), pain at the intravenous site (P value = 0.627; MD 3.7%,
95% CI -7.7% to 14.6%) and vomiting (P value = 1; MD 2.1%, 95% CI
-4.3% to 8.5%) (Taylor 2005).

Propofol versus etomidate versus midazolam (with and without
flumazenil)

The only trial comparing propofol versus etomidate versus
midazolam (with and without flumazenil) reported the following
adverse eBects: myoclonus (etomidate = 4, propofol = 0, midazolam
= 0, midazolam/flumazenil = 0), bronchospasm (etomidate = 1,
propofol = 1, midazolam = 0, midazolam/flumazenil = 0), pain at
injection site (etomidate = 4), re-sedation (midazolam/flumazenil =
5) (Coll-Vinent 2003).

Propofol/fentanyl versus midazolam/fentanyl

In the only trial comparing propofol/fentanyl versus midazolam/
fentanyl, two participants younger than 65 years who received
midazolam/fentanyl desaturated, compared with one participant
younger than 65 years who received propofol/fentanyl (Parlak
2006). In participants older than 65 years who received midazolam/
fentanyl, 16 participants desaturated, compared with desaturation
in four participants older than 65 years who received propofol/
fentanyl (Parlak 2006).

Concerning apnoea, one participant younger than 65 years who
received midazolam/fentanyl and one participant younger than 65
years who received propofol/fentanyl experienced apnoea (Parlak
2006). In participants older than 65 years, six participants who
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received midazolam/fentanyl and two participants who received
propofol/fentanyl experienced apnoea (Parlak 2006).

Remifentanil/propofol versus morphine/midazolam

In the only trial comparing remifentanil/propofol versus morphine/
midazolam, two participants given midazolam required flumazenil
within 10 minutes of shoulder reduction to counter oversedation.
One of these participants had been given additional morphine
(total 20 mg), as shoulder reduction proved impossible within the
morphine dose limit set by the trial. The trial reported no other
adverse events (Dunn 2011).

Participant satisfaction

Four included studies reported participant satisfaction as an
outcome measure (Coll-Vinent 2003; Miner 2007; Miner 2010; Parlak
2006) (Table 3). Six included studies did not report participant
satisfaction as an outcome measure (Ab-Rahman 2010; Dunn
2011; Havel 1999; Godambe 2003; Holger 2005; Taylor 2005). The
four included studies that reported participant satisfaction as an
outcome measure could not be pooled for meta-analysis because
the studies employed diBerent comparisons.

Propofol versus ketamine

The only included study comparing propofol versus ketamine
reported that 100% of participants in both groups reported
satisfaction with the procedure (Miner 2010).

Propofol versus etomidate

The only included study comparing propofol versus etomidate used
a satisfaction visual analogue scale (VAS) (Miner 2007). This scale
consisted of the question, How satisfied are you with the treatment
you received during this procedure? with the words "completely
satisfied" and "not satisfied at all" on either side of the 100-mm
line (Miner 2007). Participants who received propofol reported a
higher participant satisfaction (10.3 mm, 95% CI 7.0 to 13.6) than
that those who received etomidate (9.8 mm, 95% CI 6.1 to 13.6), but
the diBerence was not statistically significant (MD -0.4, 95% CI -5.4
to 4.5).

Propofol versus midazolam

In the only included study comparing propofol versus midazolam,
the participants were placed in four groups using a stratified
randomization method: participants aged younger than 65 years
old who received midazolam or propofol, and participant 65 years
and older who received either midazolam or propofol (Parlak 2006).
It reported no participant dissatisfaction in both the midazolam
and the propofol group for the participants aged younger than 65
years; for participants 65 years and older, it reported "2 not sure" for
both the midazolam group and the propofol group (Parlak 2006).

Propofol versus etomidate versus midazolam (with and without
flumazenil)

The only included study comparing propofol versus etomidate
versus midazolam (with and without flumazenil) measured
participant satisfaction by using an ordinal scale (not satisfied,
moderately satisfied, satisfied, very satisfied) (Coll-Vinent 2003).
In the etomidate group, seven participants were "very satisfied"
and two participants were "satisfied"; in the propofol group,
seven participants were "very satisfied" and two participants
were "satisfied"; in the midazolam without flumazenil group,

four participants were "very satisfied" and four participants
were "satisfied"; in the midazolam with flumazenil group, two
participants were "very satisfied" and four participants were
"satisfied" (Coll-Vinent 2003).

Secondary outcomes

Propofol versus ketamine

One trial comparing propofol versus ketamine reported the
following secondary outcomes relevant to this review: procedural
recall, incidence of hypoxia, need for ventilation and incidence of
hypotension (Miner 2010). The trial did not report the following
secondary outcomes relevant to this review: physician satisfaction,
awakening time, BIS score during PS, mortality and cost (Miner
2010).

Incidence of hypoxia was defined as oxygen saturation of less than
92% at any time during the procedure. Need for ventilation was
defined as clinical interventions related to respiratory depression
(increased supplemental oxygen, airway adjunct used, airway
repositioning and stimulation to induce breathing). Hypotension
was defined as a systolic blood pressure (SBP) less than 100
mmHg. Adverse eBects (complications) were reported without
being subdivided into major and minor complications as specified
in the protocol of this review (Miner 2010).

There was no significant diBerence in the following secondary
outcome measures with propofol compared with ketamine:
procedural recall, incidence of hypoxia and incidence of
hypotension (Table 4) (Miner 2010). There was also no significant
diBerence with propofol compared with ketamine regarding the
need for ventilation: clinical interventions related to respiratory
depression were present in 26 of 50 propofol participants and 19 of
47 ketamine participants (P value = 0.253; eBect size -13.7%, 95% CI
-33.8% to 6.4%).

Propofol versus etomidate

One trial comparing propofol versus etomidate reported the
following secondary outcomes: procedural recall by participant,
BIS score during PS, incidence of hypoxia, need for ventilation and
incidence of hypotension (Miner 2007). The trial did not report the
following secondary outcomes relevant to this review: physician
satisfaction, awakening time, complications, mortality and cost
(Miner 2007).

Incidence of hypoxia was defined as oxygen saturation of less than
92% at any time during the procedure. Need for ventilation was
defined as clinical interventions related to respiratory depression
(increased supplemental oxygen, airway adjunct used, airway re-
positioning and stimulation to induce breathing). Hypotension was
defined as a SBP less than 100 mmHg.

There was no significant diBerence in the following secondary
outcome measures with propofol compared with etomidate:
procedural recall, BIS nadir, incidence of hypoxia, need for
ventilation and hypotension (decrease in SBP from baseline) (Table
5) (Miner 2007).

Propofol versus midazolam

One trial comparing propofol versus midazolam reported the
following secondary outcomes: awakening time, procedural recall,
hypoxia, need for ventilation and hypotension (Havel 1999).
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Hypoxia was defined as a pulse oximetry reading less than 93%.
Hypotension was calculated by comparing lowest observed SBP
measurement with previously defined 50th percentile SBP for age
and gender. Adverse eBects (complications) were reported without
being subdivided into major and minor complications as specified
in the protocol of this review.

There was no significant diBerence in the following measurements
between groups: hypoxia P value = 1 (OR 1.08, 95% CI 0.24 to
4.76) and procedural recall (P value = 0.44; OR 2.21, 95% CI 0.33 to
18.42). No participants in either group required assisted ventilation
or intubation. No participant in either group became hypotensive
as defined by the study authors (Havel 1999).

There was a significant diBerence for awakening time (mean time
from last drug dose to recovery) between the propofol group and
the midazolam group (14.9 ± 11.1 minutes versus 76.4 ± 47.5
minutes; P value < 0.001) (Havel 1999).

One trial comparing propofol versus midazolam reported the
following secondary outcomes: physician satisfaction, awakening
times, procedural recall, hypoxia and cost (Holger 2005). The trial
did not report the following secondary outcomes relevant to this
review: BIS, need for ventilation, hypotension and mortality (Holger
2005).

Physician satisfaction was assessed with a 100-mm VAS with the
words "extremely unsatisfied", "extremely satisfied" at either end.
This was measured for titration, sedation and recovery for both
drugs. Awakening time for this study was described as "recovery"
with the following features: "(1) normal vital signs; (2) orientation
to person, place and time without slurred speech; (3) the ability to
sit on the side of the bed unassisted; (4) ability to walk five steps and
return unassisted" (if able to do this before the procedure). Hypoxia
and hypotension were not defined.

There was no significant diBerence between the propofol group and
the midazolam group for 24-hour recall (P value not given). Hypoxia
was "not noted" in any participant (Holger 2005).

There were significant diBerences for cost and physician
satisfaction: participants in the midazolam group had significantly
higher costs (P value < 0.001) and physician satisfaction was greater
for propofol in terms of sedation titration (P value = 0.02) (Holger
2005).

The results of the two trials could not be pooled because diBerent
drug doses and diBerent outcome measures were employed.

Propofol/fentanyl versus ketamine/midazolam

One trial comparing propofol/fentanyl versus ketamine/midazolam
reported the following secondary outcomes relevant to this review:
physician satisfaction, awakening time (RT and total sedation
time (TST)), procedural recall, hypoxia, need for ventilation and
hypotension. The trial did not report the following secondary
outcome measures relevant to this review: BIS scores, mortality and
cost (Godambe 2003).

Hypoxia was measured as "transient desaturation", which was
defined as "any amount of time during which a patient's
oxygen saturation was <90%". There was no awakening time but
equivalents were TST defined as "time that elapsed from when the
first dose of medication was given to when the patient returned to

baseline", and RT defined as "time that elapsed from when the last
dose of medication was given to when the participant returned to
his or her baseline". Physician satisfaction was assessed using a 5-
point Likert scale (with 1 representing the least and 5 the highest
level of satisfaction with the PS and analgesia) (Godambe 2003).

There was no significant diBerence between groups for the
following secondary outcome measures: physician satisfaction
score, recall, hypoxia and hypotension (Table 6) (Godambe 2003).
However, there was significantly shorter RT and TST for propofol/
fentanyl compared with ketamine/midazolam (P value < 0.0001)
(Godambe 2003).

Propofol versus midazolam/fentanyl

One trial comparing propofol versus midazolam/fentanyl reported
the following secondary outcomes relevant to this review:
awakening time, recall, hypoxia, need for ventilation and
hypotension. The trial did not report the following secondary
outcome measures relevant to this review: physician satisfaction,
BIS scores, mortality and cost (Taylor 2005).

Awakening time was recorded as two measures: time to first
awakening and time to full wakefulness. Hypotension and hypoxia
(decreased oxygen saturation) were recorded but not specifically
defined. Adverse events (complications) were reported without
being subdivided into major and minor complications as specified
in the protocol of this review. Recorded adverse events were
moaning, pain at the intravenous site, respiratory depression
(defined as decreased rate or decreased oxygen saturation or
partial obstruction, or a combination of these) and vomiting.

There was no significant diBerence for the following outcome
measures: time to first awakening, recall, hypoxia and hypotension
(Table 7) (Taylor 2005). No participant required ventilation (Taylor
2005).

There was a significantly shorter time to full wakefulness in the
propofol group (P value < 0.001; MD 21.7, 95% CI 14.7 to 28.7) (Taylor
2005).

Propofol versus etomidate versus midazolam (with and without
flumazenil)

One trial comparing propofol versus etomidate versus midazolam
(with and without flumazenil) reported the following secondary
outcomes relevant to this review: awakening time, recall, hypoxia,
need for ventilation and hypotension. The trial did not report the
following secondary outcome measures relevant to this review:
physician satisfaction, BIS, mortality and cost (Coll-Vinent 2003).

Awakening time was defined as the duration from the start of
induction until spontaneous eye opening. Desaturation (hypoxia)
was defined at oxygen saturation below 90%. There was no
significant diBerence between the interventions in terms of
desaturation and hypotension. The median awakening time was
longer in the midazolam group (21 minutes; range one to 42
minutes) compared with the etomidate group (9.5 minutes; range
five to 11 minutes), propofol group (eight minutes; range three to 15
minutes) and midazolam/flumazenil group (three minutes; range
two to five minutes) (Coll-Vinent 2003). Data for procedural recall
was not reported. No participant required ventilatory support (Coll-
Vinent 2003).
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Propofol/fentanyl versus midazolam/fentanyl

Two trials compared propofol/fentanyl versus midazolam/fentanyl
(Ab-Rahman 2010; Parlak 2006).

One trial employing this comparison reported the following
secondary outcome measures relevant to this review: awakening
time, recall, hypoxia and hypotension (Parlak 2006). The trial did
not report the following secondary outcome measures relevant
to this review: physician satisfaction, BIS, need for ventilation,
mortality and cost (Parlak 2006).

Desaturation (hypoxia) was defined as blood oxygen level lower
than 95%. Awakening time (RT) was assessed and defined by the
authors as time to reach Ramsay Sedation Scale 2 (RSS-2). SBP
and diastolic blood pressure (DBP) were recorded at baseline (zero
minutes), every five minutes for the first 30 minutes, and at 45 and
60 minutes (Parlak 2006).

There was no diBerence for recall of event (P value not given)
between the groups. Although both SBP and DBP during the
procedure were decreased in all groups, there was no statistically
significant diBerences in SBP and DBP by time among the four
groups (P value for SBP = 0.6; P value for DBP = 0.7). More episodes
of apnoea were recorded in the over 65-year-old groups for both
propofol and midazolam but this did not reach significance (P value
= 0.39) (Parlak 2006).

There was a significantly shorter mean RT for both propofol groups
(i.e. under 65 years, over 65 years), when compared with both
midazolam groups (P value < 0.001 in both age groups; overall P
value < 0.001) (Parlak 2006).

There were significantly more desaturations in the midazolam over
65-year-old group relative to the under 65-year-old group (P value
< 0.05), and for propofol in the over 65-year-old group relative to
the under 65-year-old group (P value < 0.05; overall P value < 0.001)
(Parlak 2006).

One trial employing this comparison did not report any of the
secondary outcome measures relevant to this review (Ab-Rahman
2010).

Although the trial did not specifically report incidence of hypoxia
or need for ventilation as an outcome measure, the outcome
measures included respiratory rate, oxygen saturation and end-
tidal carbon dioxide (EtCO2) (Ab-Rahman 2010). The trial reported

no significant diBerence between the propofol/fentanyl group and
the midazolam/fentanyl group with regard to respiratory rate pre-
procedure (P value = 0.574), intra-procedure (P value = 0.082) and
post-procedure (P value = 0.554). Similarly, the trial reported no
significant diBerence between the groups with regard to oxygen
saturation pre-procedure (P value = 0.226), intra-procedure (P
value = 0.106) and post-procedure (P value = 0.215). The trial also
reported no significant diBerence in EtCO2 between the propofol/

fentanyl group and the midazolam/fentanyl group pre-procedure
(P value = 0.558), intra-procedure (P value = 0.775) and post-
procedure (P value = 0.606).

Although the trial did not specifically report the incidence of
hypotension as an outcome measure, the outcome measurements
included SBP, DBP and mean arterial pressure (MAP). There was
no statistically significant diBerence between the propofol/fentanyl
group and the midazolam/fentanyl group with regard to SBP pre-

procedure (P value = 0.679), intra-procedure (P value = 0.388) and
post-procedure (P value = 0.608). Similarly, there was no statistically
significant diBerence between the groups with regard to DBP pre-
procedure (P value = 0.731), intra-procedure (P value = 0.868)
and post-procedure (P value = 0.989). The trial also reported no
significant diBerence in MAP between the propofol/fentanyl group
and the midazolam/fentanyl group pre-procedure (P value = 0.765),
intra-procedure (P value = 0.744) and post-procedure (P value =
0.733).

Remifentanil/propofol versus morphine/midazolam

One trial compared remifentanil/propofol versus morphine/
midazolam (Dunn 2011). It reported only one secondary outcome
measure relevant to this review, awakening time (reported as RT).

The trial did not report the following secondary outcome measures
relevant to this review: physician satisfaction, procedural recall by
participant, BIS score during procedure, incidence of hypoxia, need
for ventilation, incidence of hypotension, mortality and cost.

The trial reported that all 20 participants given remifentanil and
propofol were completely recovered aOer 30 minutes, in contrast to
the 20 participants given morphine and midazolam, where 17 out of
20 had recovered completely within one hour. The median RTs were
15 minutes (95% CI 15 to 20) for the remifentanil/propofol group
and 45 minutes (95% CI 29 to 48) for the morphine/midazolam
group (Dunn 2011).

Subgroup analysis

One small study involving 70 participants reported comparisons
relevant to one of the subgroup analyses that we planned to
perform: a subgroup analysis on older people (participants aged 65
and older) (Parlak 2006). However, due to the potential for false-
positive and false-negative findings, it was not scientifically valid to
do a subgroup analysis based on one small study.

It was not possible to perform the following subgroup analyses as
stated in the protocol of this review because none of the included
studies investigated the relevant comparisons: single sedationist
or operator versus separate operator and sedationist, the use of
propofol in trauma versus non-trauma emergencies and PS using
propofol in the ED setting by anaesthetist versus non-anaesthetist.

Sensitivity analysis

It was not possible to perform a scientifically valid sensitivity
analysis because the methodological quality of the included
studies did not significantly diBer.

D I S C U S S I O N

Summary of main results

This review summarized the current evidence from RCTs comparing
intravenous propofol (with or without the use of adjunctive opioid
or non-opioid analgesic drugs) to other sedative agents (with
or without the use of adjunctive opioid or non-opioid analgesic
drugs) for PS in the ED setting. We excluded trials employing
propofol in diBerent comparator arms (e.g. propofol compared
with a combination of ketamine and propofol (ketofol)). The review
found no evidence to support a diBerence in the primary outcome
measures, adverse eBects and participant satisfaction (as defined
by the trialists). Specifically, seven of the 10 included studies
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reported adverse eBects as an outcome measure and four of the 10
included studies reported participant satisfaction as an outcome
measure.

The number of participants in the seven trials that reported
adverse eBects as an outcome measure ranged from 32 to 113.
The alternative interventions employed in the trials were ketamine
(Miner 2010), midazolam (Coll-Vinent 2003; Havel 1999; Parlak
2006), midazolam/fentanyl (Dunn 2011; Taylor 2005), ketamine/
midazolam (Godambe 2003), and etomidate (Coll-Vinent 2003). The
number of participants in the four trials that reported participant
satisfaction as an outcome measure ranged from 32 to 214.
The alternative interventions employed in the trials reporting
participant satisfaction as an outcome measure were ketamine
(Miner 2010), etomidate (Miner 2007), midazolam (Parlak 2006),
and midazolam with and without flumazenil (Coll-Vinent 2003).
The four trials reported participant satisfaction using diBerent
methods. In terms of the participants in the trials reporting the
primary outcome measures of this review, two trials recruited all
adult ED participants (aged over 18 years) who were to receive
PS (Miner 2007; Miner 2010), one trial recruited haemodynamically
stable adult ED participants (aged over 18 years) undergoing
cardioversion for a supraventricular arrhythmia (flutter or atrial
fibrillation) (Coll-Vinent 2003), one trial recruited ED and coronary
care unit (CCU) participants undergoing elective cardioversion for
atrial fibrillation (Parlak 2006), one trial recruited ED participants
(aged 16 to 65 years) undergoing closed shoulder dislocation
reduction (Dunn 2011), one trial recruited children (aged three to
18 years) undergoing PS for emergency orthopaedic procedures
(Godambe 2003), and one trial recruited children (aged two to
18 years) with isolated extremity injuries necessitating closed
reduction (Havel 1999). Due to the variability in the participants,
the comparator interventions, the types of adverse eBects reported
and the method of reporting participant satisfaction (clinical
heterogeneity) we could not pool the data regarding the primary
outcome measures in a meta-analysis.

Concerning the secondary outcome measures of this review, six
of the included studies reported a significantly shorter awakening
time (RT) with intravenous propofol compared with alternative
sedative drugs (Coll-Vinent 2003; Dunn 2011; Godambe 2003;
Havel 1999; Parlak 2006; Taylor 2005). The alternative sedative
drugs employed in these trials were: midazolam/fentanyl (Dunn
2011), midazolam without an adjunctive analgesic drug (Havel
1999; Parlak 2006), etomidate (Coll-Vinent 2003), and ketamine/
midazolam (Godambe 2003). The shorter awakening (recovery)
times associated with propofol was consistent with its known ultra-
short half-life (Caro 2012).

The two included studies that reported physician satisfaction as
an outcome measure were conflicting. One study that compared
propofol with midazolam reported that physician satisfaction,
assessed using a 100-mm VAS, was greater for propofol in terms of
sedation titration (Holger 2005). The second study that compared
propofol/fentanyl with ketamine/midazolam found no significant
diBerence between the groups in terms of physician satisfaction
assessed using a 5-point Likert scale (Godambe 2003). While one of
the studies recruited 40 adults (aged 18 to 65 years) undergoing any
painful procedure that required sedation (Holger 2005), the other
study recruited 113 children (aged three to 18 years) undergoing
only orthopaedic PS (Godambe 2003). The clinical diBerences
between these two studies and their conflicting findings mean

that no firm conclusion can be drawn from this review regarding
physician satisfaction when intravenous propofol is compared with
alternative sedative drugs.

The only study that reported cost as an outcome measure found
significantly higher costs with midazolam compared with propofol
(Holger 2005). The cost-eBective analysis defined cost as drug cost
(midazolam, USD10.91 per vial; propofol, USD7.98 per vial) plus
nursing cost (mean of USD32.00 per hour, salary plus benefits);
multiple vials were accounted for if necessary. The study reported
that participants in the midazolam group had significantly higher
costs compared with the propofol group, with a diBerence of
USD11.99 per participant (P value < 0.001) (Holger 2005). However,
the trialists reported that the actual relevance of the amount of this
diBerence when compared with the total costs of the ED encounter
may be debatable (Holger 2005). Additionally, the study employed
a convenience sample of participants with a relatively small sample
size (40 participants were enrolled; 32 participants completed the
study and were included in the analysis). Therefore, the cost of
intravenous propofol compared with alternative sedative drugs
may be imprecise.

Regarding the other secondary outcome measures of this review,
we found no evidence to support a diBerence between intravenous
propofol and alternative sedative drugs for ED PS with regard
to the following: procedural recall by participant, BIS score
during PS, incidence of hypoxia, need for ventilation, incidence
of hypotension and complications. Due to clinical heterogeneity
(variability in participants recruited, interventions employed and
the methods used in reporting the respective outcome measures)
among the trials that reported these secondary outcome measures,
the trial data could not be pooled for meta-analysis.

Only one study reported comparisons relevant to one of the
subgroup analyses that we planned to perform: a subgroup
analysis on older people (participants aged 65 and older) (Parlak
2006). However, the small number of participants in each
comparator group (ranging from 11 to 25) in the study means the
findings were imprecise and no firm conclusions could be drawn
regarding this subgroup analysis (Parlak 2006).

Overall completeness and applicability of evidence

The 10 included studies in this review had participants,
interventions and outcomes that were appropriate to our
objectives and outcomes, both primary and secondary. The main
issues with the applicability of this evidence include the relatively
small number of studies reporting each outcome measure, the high
risk of bias in the included studies and the presence of significant
clinical heterogeneity. The studies were conducted using people
in the ED with diverse clinical conditions, including unspecified
limb injury requiring PS (Godambe 2003; Havel 1999; Holger 2005),
dislocated joint reduction (Dunn 2011; Miner 2007; Miner 2010;
Taylor 2005), fracture reduction (Miner 2007; Miner 2010), tibial
traction pin placement (Miner 2007; Miner 2010), incision and
drainage of abscess (Holger 2005; Miner 2007; Miner 2010), chest
tube insertion (Miner 2007; Miner 2010), cardioversion (Coll-Vinent
2003; Miner 2007; Miner 2010; Parlak 2006), and foreign body
removal (Miner 2007). The interventions compared with propofol
were also very diverse and included etomidate (Coll-Vinent 2003;
Miner 2007), midazolam (Coll-Vinent 2003; Havel 1999; Holger 2005;
Parlak 2006), ketamine (Miner 2010), a combination of ketamine
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and midazolam (Godambe 2003), and a combination of midazolam
and fentanyl (Ab-Rahman 2010; Dunn 2011; Taylor 2005).

None of the included studies in this review explicitly
reported mortality as an outcome measure. However, one of
the studies comparing propofol/remifentanil with midazolam/
morphine reported no other adverse events besides two
participants given midazolam requiring flumazenil within 10
minutes of shoulder reduction to counter oversedation (Dunn
2011).

Quality of the evidence

Overall, the quality of the evidence evaluated with the GRADE
methodology (within-study risk of bias, directness of evidence,
heterogeneity, precision of eBect estimates and risk of publication
bias) was in general very low (Langendam 2013). The included
studies were prospective RCTs but none was of high quality.
The included studies were clinically heterogeneous, employing
diBerent participants, comparator interventions and diBerent
methods of assessing the outcome measures of interest in this
review.

Potential biases in the review process

We did not contact pharmaceutical companies, so it is theoretically
possible that some relevant studies were not identified. However, in
practical terms, the comprehensive nature of our literature search
makes it unlikely that we have missed any other relevant studies.
Otherwise, we firmly adhered to the protocol to perform the review
and there is no identifiable obvious source of any other potential
bias in the review process.

Agreements and disagreements with other studies or
reviews

We found no published systematic reviews similar to our review.
This review does not include a meta-analysis.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

We could draw no firm conclusions regarding the clinical eBicacy
and safety of intravenous propofol (with or without adjunctive
analgesia) compared with other intravenous sedatives or hypnotics
(with or without adjunctive analgesia) for emergency department
procedural sedation based on the evidence generated by this
review.

Implications for research

Larger RCTs with low risk of bias are required to generate good-
quality evidence on this topic. Future studies should focus on large
sample sizes and eBective blinding (as practically possible) aimed
at reducing the risk of foreknowledge of comparator interventions
by both investigators and participants.
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Interventions Group A: IV fentanyl 1 μg/kg as a titration dose and propofol 1 mg/kg followed by propofol 0.5 mg/kg if
needed

Ab-Rahman 2010 
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Group B: IV fentanyl 1 μg/kg as a bolus dose and a titration dose of midazolam 0.1 mg/kg followed by
midazolam 0.1 mg/kg if needed

Outcomes Level of sedation, vital signs, cardiorespiratory adverse effects

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "all 40 patients were selected by convenience sampling, and further
randomization into two groups was carried out by using the computer-gener-
ated random permuted blocks of four patients"

Allocation concealment
(selection bias)

Unclear risk No information to permit judgement of 'low risk' or 'high risk'

Incomplete outcome data
(attrition bias) 
All outcomes

High risk There were 70 study participants in a published abstract of the study, but only
40 study participants in the final published study

Other bias Low risk Comment: no obvious "other bias" identified

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

High risk Quote: "the drugs were single blinded. They were supplied by the pharma-
cy department, wrapped individually and placed in an envelope. Each enve-
lope was sealed and labelled accordingly as drug A or B. The operators, emer-
gency physicians and residents in Emergency Medicine, including the main re-
searcher, were unaware of the exact drug to be given until the envelope was
opened"

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

Unclear risk No information to permit judgement of 'low risk' or 'high risk'

Ab-Rahman 2010  (Continued)

 
 

Methods Prospective randomized trial

Participants Adults > 18 years undergoing ED cardioversion for a supraventricular arrhythmia

Interventions Group 1: etomidate 0.2 mg/kg

Group 2: propofol 1.5 mg/kg

Group 3: midazolam 0.2 mg/kg

Group 4: midazolam followed by flumazenil (0.5 mg in bolus followed by 0.5 mg in IV infusion)

Outcomes • Induction time

• Awakening time

• Total recuperation time

• Global time

• Adverse effects

Notes  

Coll-Vinent 2003 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "we prepared the allocation sequence by using a random number table
and sequentially numbered envelopes containing each assignment"

Allocation concealment
(selection bias)

Low risk Quote: "we prepared the allocation sequence by using a random number table
and sequentially numbered envelopes containing each assignment. At each
sedation, the investigator then selected the next envelope in sequence to de-
termine the group allocation"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: all participants completed the study

Other bias Low risk Comment: no obvious "other bias" identified

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

Unclear risk Quote; "the physician responsible for recording the time intervals and the re-
covery durations was not blinded to the agent used; therefore, we performed 4
objective tests to minimize the potential for observer bias"

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

Unclear risk Comment: the published study did not provide any information about out-
come assessment

Coll-Vinent 2003  (Continued)

 
 

Methods Prospective non-blinded randomized trial

Participants Adults aged 16-65 years, with shoulder dislocation

Interventions Propofol 0.5 mg/kg, with subsequent dose of 0.25 mg/kg and remifentanil 0.5 μg/kg, with subsequent
dose 0.5 μg/kg compared with morphine 2.5 mg at 3-minute increments with midazolam in 1-mg incre-
ments every 3 minute

Outcomes • Time to full recovery

• Operating conditions

• Participant discomfort

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "treatment was allocated in equal proportions (20 per group), to either
morphine and midazolam or remifentanil and propofol by sequentially select-
ing sealed envelopes that had been shuffled and numbered"

Allocation concealment
(selection bias)

Low risk Quote: "treatment was allocated in equal proportions (20 per group), to either
morphine and midazolam or remifentanil and propofol by sequentially select-
ing sealed envelopes that had been shuffled and numbered"

Dunn 2011 
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Details included for all 40 participants completing study

Other bias Low risk Comment: no obvious "other bias" identified

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

High risk No blinding reported

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

High risk No blinding reported

Dunn 2011  (Continued)

 
 

Methods Prospective, partially blinded, controlled, comparative trial

Participants Convenience sample of children aged 3-18 years requiring PSA for emergency orthopaedic procedures

Interventions Comparison of IV P/F with K/M for brief procedural sedation. In the P/F group, IV fentanyl 1-2 μg/kg was
given slowly over 1-2 minutes and titrated to provide adequate analgesia. After 5 minutes, an initial
slow bolus of IV propofol 1 mg/kg was followed by subsequent administration of smaller aliquots based
on participant response. In the K/M group, midazolam 0.05 mg/kg IV to a maximum of 2 mg was given
slowly over 1-2 minutes. After 3 minutes, this was followed by ketamine 1-2 mg/kg IV given slowly over
1-2 minutes

Outcomes Comparison of effectiveness of P/F with K/M for brief procedural sedation. Effectiveness was measured
using 6 parameters

• Participant distress as assessed by independent blinded observers after videotape review using the
OSBD-r

• Completion of a 5-point Likert scale (with 1 representing the least and 5 the highest level of satisfaction
with the PSA) by an orthopaedic surgeon

• Completion of a 5-point Likert scale (with 1 representing the least and 5 the highest level of satisfaction
with the PSA) by a sedation nurse

• Parental perception of procedural pain, by asking the parents after completion of the procedure to
rate the degree of pain they perceived their child had experienced during the procedure, using a 0- to
100-mm VAS (0 mm or no pain to 100 mm or maximal pain)

• Participant recall of the procedure

• Contacting participants and their families 1-3 weeks following their ED visit, to assess their level of
satisfaction with the medication regimen that they had received using a standard questionnaire

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Quote: "patients were assigned to P/F on odd days and K/M on even enrolment
days"

Allocation concealment
(selection bias)

High risk Quote: "patients were assigned to P/F on odd days and K/M on even enrolment
days"

Godambe 2003 
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: all participants completed the study

Other bias Low risk Comment: no obvious "other bias" identified

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

Low risk Quote: "the procedure was videotaped for independent review of outcomes.
One or both investigators were present for all sedations. Ketamine is known to
produce a characteristic dissociative state with nystagmus and a vacant gaze.
To mask these "tell tale" facies from the reviewer, patients wore dark goggles
(sunglasses) for the duration of the video recording. The patients, their par-
ents, and the reviewers of the tapes were blinded to the type of medication ad-
ministered. All medications and tubing were covered from view of the video
camera and the parents (or legal guardians). Both investigators reviewed all
the tapes continuously to ensure that the protocol was followed. In anticipa-
tion of a greater frequency of airway repositioning manoeuvres during propo-
fol use, random mock jaw thrusts were performed to reduce bias on the part
of the reviewers. Equal numbers of jaw thrusts, both actual and mock, were
recorded for both medication groups"

Quote: "the independent blinded reviewers assessed the tapes in random or-
der for patient's behavioral distress as measured by the previously validated
pain scale known as the OSBD-r"

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

Unclear risk Comment: the published study does not provide any information about out-
come assessment

Godambe 2003  (Continued)

 
 

Methods Prospective, blinded, randomized clinical trial

Participants Aged 2-18 years with isolated extremity injury necessitating closed reduction

Interventions Propofol (1 mg/kg bolus) followed by infusion (67-100 μg/kg/minute) until cast completion

Midazolam (0.1 mg/kg IV) with additional doses (0.05-0.1 mg/kg) as required

Outcomes • Comparison of sedation scoring using RSS

• Recovery time (time from last dose of sedation to meeting nurse determined post sedation discharge
criteria)

• Complication rate (hypoxaemia, hypoperfusion, procedure recall)

• Post-discharge complication identified by return of a survey sent home with participants

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "patients were randomized in blocks of 10 using the Moses-Oakford al-
gorithm"

Allocation concealment
(selection bias)

Unclear risk Comment: individual responsible for allocations not described in the paper

Havel 1999 
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Incomplete outcome data
(attrition bias) 
All outcomes

High risk Comment: 37.1% of participants were uncontactable at follow-up, missing ad-
ditional possible complication data

Other bias Low risk Comment: no obvious "other bias" identified

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

Low risk Comment: sedation nurse performed scoring, recorded time to recovery and
complications was blinded. Participants were blinded, submitted follow-up
questionnaire

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

Low risk Comment: the blinded sedation nurse recorded most measurements. In addi-
tion, unblinded sedation scores were done and used for comparison

Quote: "there was good strength of agreement between blinded and unblind-
ed scores"

Havel 1999  (Continued)

 
 

Methods Prospective randomized trial

Participants Convenience sample of adults 18-65 years, requiring sedation for painful procedures

Interventions Propofol (0.5 mg/kg IV) with boluses (0.25 mg/kg IV) every 30-45 seconds until minimum sedation score
reached. Additional boluses as required to maintain sedation

Midazolam (1 mg IV) followed by 1 mg every 2 minutes until minimum sedation score reached. Addi-
tional boluses as required to maintain sedation level

Outcomes Primary outcome measure was nurse monitoring time

Other outcome measures were:

• adverse events

• maximum sedation score using RSS

• satisfaction using VAS satisfaction score

• 24-hour recall

• complications at 24 hours

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: no details provided regarding method of randomization

Quote: "patients were randomized to either the propofol or the midazolam
group"

Allocation concealment
(selection bias)

Unclear risk Comment: no details provided regarding allocation of group assignment

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Quote: "eight patients failed to reach an RSS of 3 and were excluded. seven of
these 8 were assigned to the midazolam group, 1 to the propofol group"

Holger 2005 
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Comment: this represents 20% of the total number of participants excluded
from analysis due to inadequate sedation (7/8 from 1 group), thus biasing out-
come data. While it is acknowledged in the results section - quote: "the major-
ity of physicians stated frustration with waiting for an RSS of 3 to occur as rea-
son to drop the patient from the study", it represents a significant loss of data
and source of bias

Other bias Low risk Comment: no obvious "other bias" identified

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

High risk Comment: only participants were blinded

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

High risk Quote: "neither the RN nor the physician was blinded to the randomized drug"

Comment: this is significant as subjective assessment scales were used as
measure of outcome - RSS and VAS

Holger 2005  (Continued)

 
 

Methods Randomized, non-blinded prospective trial

Participants Adults > 18 years old requiring procedural sedation

Interventions Propofol 1 mg/kg bolus, followed by 0.5 mg/kg every 3 minutes as needed

Etomidate 0.1 mg/kg, followed by 0.05 mg/kg every 3-5 minutes as needed

Outcomes • Depth of sedation (measured via bispectral index monitor and a subjective scale - OAAS). Rate of sub-
clinical respiratory depression (measured by rise in EtCO2, falling SpO2)

• Rate of clinical signs of respiratory depression (need for increased supplemental O2, use of bag-valve

mask to deliver O2, need for re-positioning or stimulation)

• Time to return to baseline mental status myoclonus, success of procedure

• Participant outcome factors of perceived pain, recall and satisfaction with care received (measure
using VAS)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "using computer generated random numbers by the investigators"

Allocation concealment
(selection bias)

Low risk Quote: "selecting a sequentially numbered sealed envelope containing the
group assignment"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: all participants who received study drugs were analysed. 109/110
allocated to propofol received the drug. 105/110 allocated to etomidate re-
ceived the drug

Other bias Low risk Comment: no obvious "other bias" identified

Miner 2007 
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Quote: "we were unable to blind patients, physicians, or data collectors to the
agent used in each procedural sedation"

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

Unclear risk Comment: it is unclear whether assessors were blinded to outcome measure-
ments. Some measurements were recorded by research assistants who may
not have been aware of outcome measures but some were documented by the
physicians who - quote: "were likely to have preconceived notions about the
2 agents". Some outcome measures came from the participants themselves,
who may have been unaware of the outcomes

Miner 2007  (Continued)

 
 

Methods Prospective, randomized, non-blinded trial

Participants Adults > 18 years, requiring moderate procedural sedation

Interventions Propofol 1 mg/kg IV bolus followed by 0.5 mg/kg every 3 minutes as needed

Ketamine 1 mg/kg IV followed by 0.5 mg/kg every 3 minutes as needed

Outcomes • Subclinical respiratory depression (measured by rise in EtCO2, falling SpO2)

• Clinical signs of respiratory depression (need for increased supplemental O2, use of bag-valve mask

to deliver O2, need for re-positioning or stimulation)

• Adverse events during procedure (as reported by physician on data collection sheet after procedure)

• Recovery agitation (specific query on data collection sheet)

• Depth of sedation (measured via a subjective 5-point scale, the modified OAAS)

• Participant satisfaction (assessed by direct query)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "determined using a computer generated list of random numbers"

Allocation concealment
(selection bias)

Low risk Quote: "randomization was achieved by selecting a sequentially numbered
sealed envelopes containing the group assignment"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: of 100 randomized participants, 97 completed the analysis

Other bias Low risk Comment: no obvious "other bias" identified

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

High risk Comment: no blinding

Quote: "all of the physicians who enrolled patients in this study are familiar
with both propofol and ketamine and likely had preconceived notions about
the two agents"

Miner 2010 
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Comment: there is no comment in the paper regarding blinding of those in-
volved in measurements to the outcome measures. As part of OAAS, and sub-
jective physicians assessment of complications, bias is likely

Miner 2010  (Continued)

 
 

Methods Stratified, randomized, blinded trial

Participants 2 adult groups: 18-65 years and ≥ 65 years old, requiring sedation for cardioversion

Interventions Group 1: < 65 years: fentanyl 1 μg/kg IV, followed by midazolam 2 mg, then midazolam 1 mg every 2
minutes

Group 2: < 65 years: fentanyl 1 μg/kg IV, followed by propofol 20 mg IV, then 20 mg every 2 minutes

Group 3: ≥ 65 years: fentanyl 0.5 μg/kg IV, followed by midazolam 2 mg, then 1 mg every 2 minutes

Group 4: ≥ 65 years: fentanyl 0.5 μg/kg, followed by propofol 20 mg IV, then 20 mg every 2 minutes

Outcomes • Level of sedation (modified RSS)

• Participant reactions to cardioversion (recorded using subjective scale)

• Participant satisfaction (questionnaire including Likert-type questions)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "randomization was achieved by first doing a stratification on age and
then using computer software to generate random numbers"

Allocation concealment
(selection bias)

Low risk Quote: "a study nurse obtained the randomization scheme from a computer
and prepared the medications"

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Comment: data for 4 participants in propofol groups not collected (4/33)

Other bias Low risk Comment: no obvious "other bias" identified

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

Low risk Quote: "the researcher who collected the data was blinded to patient treat-
ment allocation. Blinding was achieved by obscuring the patient's arm from
the person collecting information"

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

Unclear risk Comment: it is unclear whether the researcher who recorded the data was
blinded to the outcome measures

Parlak 2006 

 
 

Methods Multicentre, randomized clinical trial
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Participants Adults aged ≥ 18 years with anterior shoulder dislocation suitable for ED reduction

Interventions Propofol (bolus dose by slow IV, titrated to clinical sedation endpoint of spontaneous eye closure)

Fentanyl (1.25 μg/kg IV) followed after 2 minutes by a bolus of midazolam (slow IV over 30 seconds
titrated to the same sedation endpoint)

Outcomes • Time from shoulder reduction to first wakening (eye opening to first stimulus), and to full conscious-
ness (GCS score of 15 and orientated)

• Muscle tone (at first and successful reduction attempts using a numerical scale 1 = flaccid, 5 = imped-
ing reduction)

• Ease of reduction (numerical scale, 1 = very easy, 5 = very difficult)

• Failure rate, number of attempts, different manoeuvres required

• Adverse events

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Quote: "pharmacist used a random number table to block randomize subjects
at each of the three participating hospitals (randomization blocks)"

Quote: "despite block randomization at each of the study sites, there were
more patients randomized to the propofol group"

Quote: "there were a greater proportion of men in the propofol group, and this
group had a significantly bigger body build"

Allocation concealment
(selection bias)

Low risk Quote: "no other person knew the nature of the drug to be used for any patient
until the study packs were opened"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: all randomized participants were included in analysis

Other bias Low risk Comment: no obvious "other bias" identified

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

Low risk Procedure operator blinded to study drug - responsible for measurement of
muscle tone, ease of reduction and attempts required. ED nurse recorded time
to wakening and was unaware of study endpoints

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

Unclear risk Quote: "ED nurses were not aware of the study end points"

Comment: this nurse was responsible for recording times to first and full wak-
ening

Quote: "staB members at each participating ED were fully briefed on study pro-
cedure"

Comment: unclear whether this means they were aware of outcome measures
but seems likely

Taylor 2005  (Continued)

ED: emergency department; EtCO2: end-tidal carbon dioxide; GCS: Glasgow Coma Scale; IV: intravenous; K/M: ketamine/midazolam; O2:

oxygen; OAAS: Observer's Assessment of Alertness Score; OSBD-r: Observational Score of Behavioural Distress - revised; P/F: propofol/
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fentanyl; PSA: procedural sedation and analgesia; RN: registered nurse; RSS: Ramsay Sedation Scale; SpO2: peripheral capillary oxygen

saturation; VAS: visual analogue scale.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Ab-Rahman 2008 Unsatisfactorily explained discrepancy between the number of participants in 2 publications based
on the same study

Miner 2005 This was a prospective RCT of ED procedural sedation with propofol alone. There was no compara-
tor intravenous sedative or hypnotic. Participants were randomized to have the treating physician
either blinded or not blinded to information from the BIS monitor

Miner 2009 This was a non-blinded prospective RCT of ED deep procedural sedation with propofol with or
without an intravenous opioid analgesic (alfentanil). There was no comparator intravenous seda-
tive or hypnotic. Participants were randomized to either propofol alone or propofol with alfentanil
for ED procedural sedation of people undergoing painful procedures

BIS: bispectral index; ED: emergency department; RCT: randomized controlled trial.
 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods Randomized single-blinded control trial

Participants "Adult patients with isolated anterior shoulder dislocations who gave written approval for applica-
tion of the procedure and who accepted to take part in the study were enrolled"

Interventions Group A: "patients received first intravenous fentanyl 1.5 mcg/kg with 50 ml normal saline in 2 min-
utes and additional doses if needed for pain control. Then midazolam was given 0.1 mg/kg intra-
venous bolus, and titrated with additional 0.05 mg/kg doses in two minutes up to the desired seda-
tion level"

Group B: "patients received first intravenous fentanyl 1.5 mcg/kg with 50 ml normal saline in 2 min-
utes and additional doses if needed for pain control. Then propofol 1 mg/kg intravenous bolus
was given and additional doses of 0.5 mg/kg in 3 minutes was administered if needed for predeter-
mined sedation level"

Outcomes • Level of sedation

• Vital signs

• Haemodynamic parameters

• Respiratory compromise

• Participant satisfaction using VAS satisfaction score

• Physician satisfaction using VAS satisfaction score

Notes  

Ozturk 2014 

VAS: visual analogue scale.
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Comparison 1.   Adverse e>ects

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Desaturation 1   Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

1.1 Propofol vs. midazolam
(aged < 65 years)

1   Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

1.2 Propofol vs. midazolam
(aged ≥ 65 years)

1   Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

2 Recovery agitation 1   Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

3 Pain with injection 3   Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

3.1 Propofol vs. midazolam 1   Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

3.2 Propofol vs. midazo-
lam/fentanyl

1   Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

3.3 Propofol vs. etomidate 1   Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

4 Oversedation 1   Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

5 Agitation 1   Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

6 Post-discharge nau-
sea/vomiting

1   Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

7 Post-discharge persistent
sedation

1   Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

8 Post-discharge fever 1   Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

9 Post-discharge recall 1   Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

10 Agitation 1   Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

11 Laryngospasm 1   Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

12 Moaning 1   Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

13 Partial airway obstruc-
tion

1   Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

14 Vomiting 2   Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

14.1 Propofol/fentanyl vs.
ketamine/midazolam

1   Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

14.2 Propofol vs. midazo-
lam/fentanyl

1   Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

15 Apnoea 1   Odds Ratio (M-H, Fixed, 95% CI) Totals not selected
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

15.1 Propofol vs. midazo-
lam (aged < 65 years)

1   Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

15.2 Propofol vs. midazo-
lam (aged ≥ 65 years)

1   Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

 
 

Analysis 1.1.   Comparison 1 Adverse e>ects, Outcome 1 Desaturation.

Study or subgroup Propofol Midazolam Odds Ratio Odds Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.1.1 Propofol vs. midazolam (aged < 65 years)  

Parlak 2006 1/11 2/12 0.5[0.04,6.44]

   

1.1.2 Propofol vs. midazolam (aged ≥ 65 years)  

Parlak 2006 4/22 16/25 0.13[0.03,0.49]

Favours [Propofol] 1000.01 100.1 1 Favours [Midazolam]

 
 

Analysis 1.2.   Comparison 1 Adverse e>ects, Outcome 2 Recovery agitation.

Study or subgroup Propofol Ketamine Odds Ratio Odds Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Miner 2010 4/50 17/47 0.15[0.05,0.5]

Favours [Propfol] 1000.01 100.1 1 Favours [Ketamine]

 
 

Analysis 1.3.   Comparison 1 Adverse e>ects, Outcome 3 Pain with injection.

Study or subgroup Favours [Propofol] Alternative intervention Odds Ratio Odds Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.3.1 Propofol vs. midazolam  

Havel 1999 3/43 2/46 1.65[0.26,10.39]

   

1.3.2 Propofol vs. midazolam/fentanyl  

Taylor 2005 1/48 0/38 2.43[0.1,61.39]

   

1.3.3 Propofol vs. etomidate  

Coll-Vinent 2003 0/9 4/9 0.06[0,1.43]

Favours [Propofol] 500.02 100.1 1 Favours [Alternative]
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Analysis 1.4.   Comparison 1 Adverse e>ects, Outcome 4 Oversedation.

Study or subgroup Propofol Midazolam Odds Ratio Odds Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Havel 1999 14/43 16/46 0.91[0.38,2.18]

Favours [Propofol] 1000.01 100.1 1 Favours [Midazolam]

 
 

Analysis 1.5.   Comparison 1 Adverse e>ects, Outcome 5 Agitation.

Study or subgroup Propofol Midazolam Odds Ratio Odds Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Havel 1999 2/43 3/46 0.7[0.11,4.4]

Favours [Propofol] 1000.01 100.1 1 Favours [Midazolam]

 
 

Analysis 1.6.   Comparison 1 Adverse e>ects, Outcome 6 Post-discharge nausea/vomiting.

Study or subgroup Propofol Midazolam Odds Ratio Odds Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Havel 1999 10/31 6/25 1.51[0.46,4.94]

Favours [Propofol] 1000.01 100.1 1 Favours [Midazolam]

 
 

Analysis 1.7.   Comparison 1 Adverse e>ects, Outcome 7 Post-discharge persistent sedation.

Study or subgroup Propofol Midazolam Odds Ratio Odds Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Havel 1999 9/31 11/25 0.52[0.17,1.57]

Favours [Propofol] 1000.01 100.1 1 Favours [Midazolam]

 
 

Analysis 1.8.   Comparison 1 Adverse e>ects, Outcome 8 Post-discharge fever.

Study or subgroup Propofol Midazolam Odds Ratio Odds Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Havel 1999 0/31 1/25 0.26[0.01,6.65]

Favours [Propofol] 1000.01 100.1 1 Favours [Midazolam]

 
 

Analysis 1.9.   Comparison 1 Adverse e>ects, Outcome 9 Post-discharge recall.

Study or subgroup Propofol Midazolam Odds Ratio Odds Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Havel 1999 5/31 2/25 2.21[0.39,12.51]

Favours [Propofol] 1000.01 100.1 1 Favours [Midazolam]
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Analysis 1.10.   Comparison 1 Adverse e>ects, Outcome 10 Agitation.

Study or subgroup Propofol/fentanyl (P/F) Ketamine/mi-
dazolam (K/M)

Odds Ratio Odds Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Godambe 2003 3/54 0/59 8.09[0.41,160.27]

Favours [P/F] 1000.01 100.1 1 Favours [K/M]

 
 

Analysis 1.11.   Comparison 1 Adverse e>ects, Outcome 11 Laryngospasm.

Study or subgroup Propofol/fentanyl (P/F) Ketamine/mi-
dazolam (K/M)

Odds Ratio Odds Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Godambe 2003 0/54 1/59 0.36[0.01,8.97]

Favours [P/F] 1000.01 100.1 1 Favours [K/M]

 
 

Analysis 1.12.   Comparison 1 Adverse e>ects, Outcome 12 Moaning.

Study or subgroup Propofol Midazolam/fen-
tanyl (M/F)

Odds Ratio Odds Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Taylor 2005 18/48 21/58 1.06[0.48,2.34]

Favours [Propofol] 1000.01 100.1 1 Favours [M/F]

 
 

Analysis 1.13.   Comparison 1 Adverse e>ects, Outcome 13 Partial airway obstruction.

Study or subgroup Propofol Midazolam/fen-
tanyl (M/F)

Odds Ratio Odds Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Taylor 2005 11/48 6/38 1.59[0.53,4.77]

Favours [Propofol] 1000.01 100.1 1 Favours [M/F]

 
 

Analysis 1.14.   Comparison 1 Adverse e>ects, Outcome 14 Vomiting.

Study or subgroup Propofol Alternative Intervention Odds Ratio Odds Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.14.1 Propofol/fentanyl vs. ketamine/midazolam  

Godambe 2003 2/54 0/59 5.67[0.27,120.73]

   

1.14.2 Propofol vs. midazolam/fentanyl  

Taylor 2005 1/48 0/38 2.43[0.1,61.39]

Favours [Propofol] 1000.01 100.1 1 Favours [Alternative]
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Analysis 1.15.   Comparison 1 Adverse e>ects, Outcome 15 Apnoea.

Study or subgroup Propofol Midazolam Odds Ratio Odds Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.15.1 Propofol vs. midazolam (aged < 65 years)  

Parlak 2006 1/11 1/12 1.1[0.06,20.01]

   

1.15.2 Propofol vs. midazolam (aged ≥ 65 years)  

Parlak 2006 2/22 6/24 0.3[0.05,1.68]

Favours [Propofol] 1000.01 100.1 1 Favours [Midazolam]

 
 

Comparison 2.   Participant satisfaction

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical
method

Effect size

1 Participant satisfaction using a visual analogue
scale

    Other data No numeric data

1.1 Propofol vs. etomidate     Other data No numeric data

2 Participant satisfaction by asking if satisfied
with treatment received

    Other data No numeric data

2.1 Propofol vs. ketamine     Other data No numeric data

3 Participant satisfaction by using a Likert-type
questionnaire

    Other data No numeric data

3.1 Propofol vs. midazolam (aged < 65 years)     Other data No numeric data

3.2 Propofol vs. midazolam (aged ≥ 65 years)     Other data No numeric data

4 Participant satisfaction using an ordinal scale     Other data No numeric data

4.1 Propofol vs. etomidate vs. midazolam (with or
without flumazenil)

    Other data No numeric data

 
 

Analysis 2.1.   Comparison 2 Participant satisfaction, Outcome
1 Participant satisfaction using a visual analogue scale.

Participant satisfaction using a visual analogue scale

Study Propofol (n=109) Etomidate (n=105)

Propofol vs. etomidate

Miner 2007 10.3 mm (95% CI 7.0 to 13.6) 9.8 mm (95% CI 6.1 to 13.6)
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Analysis 2.2.   Comparison 2 Participant satisfaction, Outcome 2
Participant satisfaction by asking if satisfied with treatment received.

Participant satisfaction by asking if satisfied with treatment received

Study Propofol (n=50) Ketamine (n=47)

Propofol vs. ketamine

Miner 2010 100% of patients reporting satisfaction with the pro-
cedure

100% of patients reporting satisfaction with the pro-
cedure

 
 

Analysis 2.3.   Comparison 2 Participant satisfaction, Outcome
3 Participant satisfaction by using a Likert-type questionnaire.

Participant satisfaction by using a Likert-type questionnaire

Study Propofol (n=11) Midazolam (n=12)

Propofol vs. midazolam (aged < 65 years)

Parlak 2006 All 11 patients satisfied with procedure All 12 patients satisfied with procedure

Propofol vs. midazolam (aged ≥ 65 years)

Parlak 2006 20 patients satisfied with procedure; 2 not sure 20 patients satisfied with procedure; 2 not sure

 
 

Analysis 2.4.   Comparison 2 Participant satisfaction, Outcome 4 Participant satisfaction using an ordinal scale.

Participant satisfaction using an ordinal scale

Study Propofol (n=9) Etomidate (n=9) Midazolam (n=8) Midazolam with
flumazenil (n=6)

Propofol vs. etomidate vs. midazolam (with or without flumazenil)

Coll-Vinent 2003 7 patients were "very satis-
fied"; 2 patients were "satis-
fied"

7 patients were "very satis-
fied"; 2 patients were "satis-
fied"

4 patients were "very satis-
fied"; 4 patients were "satis-
fied"

2 patients were "very satis-
fied"; 4 patients were "satis-
fied"

 

 

A D D I T I O N A L   T A B L E S
 

Study Total number
of participants
randomized

Intervention 1 Intervention 2 Intervention 3

Ab-Rahman 2010 40 Propofol/fentanyl Midazolam/fentanyl None

Coll-Vinent 2003 32 Propofol Etomidate Midazolam

Dunn 2011 40 Propofol/remifentanyl Midazolam/fentanyl None

Godambe 2003 113 Propofol/fentanyl Ketamine/midazolam None

Havel 1999 89 Propofol Midazolam None

Holger 2005 32 Propofol Midazolam None

Miner 2007 214 Propofol Etomidate None

Miner 2010 97 Propofol Ketamine None

Table 1.   Comparator interventions of included studies 
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Parlak 2006 70 Propofol/fentanyl Midazolam/fentanyl None

Taylor 2005 86 Propofol Midazolam/fentanyl None

Table 1.   Comparator interventions of included studies  (Continued)

 
 

Study Adverse effects reported

Coll-Vinent 2003 Myoclonus, bronchospasm, pain at injection site, re-sedation

Dunn 2011 Oversedation

Godambe 2003 Agitation, emesis, laryngospasm, apnoea, delayed adverse reactions (nightmares and behavioural
change)

Havel 1999 Pain with injection, oversedation, post-discharge complications (nausea/vomiting, persistent seda-
tion, fever and recall)

Miner 2010 Recovery agitation

Parlak 2006 Desaturation, apnoea

Taylor 2005 Moaning, partial airway obstruction, pain at intravenous site, vomiting

Table 2.   Adverse e>ects reported 

 
 

Study Method used to assess participant satisfaction

Coll-Vinent 2003 Ordinal scale (not satisfied, moderately satisfied, satisfied, very satisfied)

Miner 2007 100-mm satisfaction visual analogue scale consisting of the question, How satisfied are you with
the treatment you received during this procedure? With the words 'completely satisfied' and 'not
satisfied at all' on either side of the 100-mm line

Miner 2010 Quote: "after the patients returned to their baseline mental status, they were asked if they felt any
pain during the procedure or were able to recall any of the procedure (yes/no). They were also
asked if they were satisfied with the treatment they received during the procedure"

Parlak 2006 Quote: "patient satisfaction subsequently was evaluated with a questionnaire including Likert-type
questions"

Table 3.   Methods used to assess participant satisfaction 

 
 

Secondary outcome measure Odds ratio (95% confidence interval)

Procedural recall 0.93 (0.28 to 3.1)

Incidence of hypoxia 1.11 (0.34 to 3.59)

Incidence of hypotension 0.94 (0.13 to 6.94)

Table 4.   Propofol versus ketamine: secondary outcome measures 
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Secondary outcome measure Summary statistic (95% confidence interval)

Procedural recall SMD -0.24 (-0.51 to 0.03)

BIS nadir MD 1.6 (-4.1 to 6.2)

Incidence of hypoxia OR 0.96 (0.38 to 2.41)

Need for ventilation OR 1.21 (0.32 to 4.65)

Decrease in SBP from baseline MD -4.1 (-6.4% to 1.7%)

Table 5.   Propofol versus etomidate: secondary outcome measures 

MD: mean diBerence; OR: odds ratio; SMD: standardized mean diBerence.
 
 

Secondary outcome measure P value

Physician satisfaction score 0.245

Recall 1.0

Hypoxia 0.002

Hypotension 1.0

Table 6.   Propofol/fentanyl versus ketamine/midazolam: secondary outcome measures 

 
 

Secondary outcome measure Mean difference (95% confidence interval) P value

Time to first awakening 4.6 (0.7 to 8.6) 0.097

Recall 6.3% (-6.1% to 18.6%) 0.309

Hypoxia 3.1% (-9.9% to 16%) 0.69

Hypotension 2.6% (-4.8% to 10.1%) 0.442

Table 7.   Propofol versus midazolam/fentanyl 

 

 

A P P E N D I C E S

Appendix 1. Search strategy for CENTRAL, The Cochrane Library

#1 MeSH descriptor Propofol, this term only
#2 (diprivan or fresofol or pofol or propofol* or recofol):ti
#3 (#1 OR #2)
#4 (Benzodiazepin* or Anthramycin or Bromazepam or Clonazepam or Devazepide or Diazepam or Flumazenil or Flunitrazepam or
Flurazepam or Lorazepam or Nitrazepam or Oxazepam or Pirenzepine or Prazepam or Temazepam Alprazolam or Benzodiazepinon* or
Chlordiazepoxide or Clorazepate or Dipotassium or Estazolam or Medazepam or Midazolam or Triazolam Barbiturat* or Amobarbital or
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Barbital or Hexobarbital or Mephobarbital or Methohexital or Murexide or Pentobarbital or Phenobarbital Secobarbital or Thiobarbiturat*
or Etomidate or ketamin*):ab
#5 (#3 AND #4)
#6 MeSH descriptor Conscious Sedation explode all trees
#7 MeSH descriptor Analgesia, this term only
#8 MeSH descriptor Emergency Medical Services, this term only
#9 MeSH descriptor Emergency Medicine, this term only
#10 MeSH descriptor Ambulances, this term only
#11 MeSH descriptor Emergency Medical Technicians explode all trees
#12 MeSH descriptor Emergency Treatment, this term only
#13 MeSH descriptor Resuscitation, this term only
#14 (sedat* or emergency* or resuscitat* or non?anaesthetist*):ti
#15 (#6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14)
#16 (#3 AND #15)
#17 (#5 OR #16)

Appendix 2. Search strategy for MEDLINE (WebSPIRS OvidSP)

1. (diprivan or fresofol or pofol or propofol* or recofol).mp.
2. exp Propofol/
3. or/1-2
4. benzodiazepines/ or barbiturates/ or etomidate/ or ketamine/
5. (Benzodiazepin* or Anthramycin or Bromazepam or Clonazepam or Devazepide or Diazepam or Flumazenil or Flunitrazepam or
Flurazepam or Lorazepam or Nitrazepam or Oxazepam or Pirenzepine or Prazepam or Temazepam Alprazolam or Benzodiazepinon* or
Chlordiazepoxide or Clorazepate or Dipotassium or Estazolam or Medazepam or Midazolam or Triazolam Barbiturat* or Amobarbital or
Barbital or Hexobarbital or Mephobarbital or Methohexital or Murexide or Pentobarbital or Phenobarbital Secobarbital or Thiobarbiturat*
or Etomidate or ketamin*).ti,ab.
6. or/4-5
7. 6 and 3
8. Emergency-Medical-Technicians/ or Ambulances/ or Emergency-Service-Hospital/ or Emergency-Medicine/ or Emergency-Medical-
Services/ or Analgesia/ or Conscious-Sedation/ or Emergency-Treatment/ or Resuscitation/
9. (sedat* or emergency* or resuscitat* or non?anaesthetist*).ti,ab.
10. or/8-9
11. 3 and 10
12. 11 or 7
13. ((randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or placebo.ab. or clinical trials as topic.sh. or
randomly.ab. or trial.ti.) and humans.sh.
14. 13 and 12

Appendix 3. Search strategy for EMBASE (OvidSP)

1. (diprivan or fresofol or pofol or propofol* or recofol).mp. or exp PROPOFOL/
2. Benzodiazepine Derivative/ or Barbituric Acid Derivative/ or ETOMIDATE/ or KETAMINE/ or LORAZEPAM/
3. (Benzodiazepin* or Anthramycin or Bromazepam or Clonazepam or Devazepide or Diazepam or Flumazenil or Flunitrazepam or
Flurazepam or Lorazepam or Nitrazepam or Oxazepam or Pirenzepine or Prazepam or Temazepam Alprazolam or Benzodiazepinon* or
Chlordiazepoxide or Clorazepate or Dipotassium or Estazolam or Medazepam or Midazolam or Triazolam Barbiturat* or Amobarbital or
Barbital or Hexobarbital or Mephobarbital or Methohexital or Murexide or Pentobarbital or Phenobarbital Secobarbital or Thiobarbiturat*
or Etomidate or ketamin*).ti,ab.
4. 3 or 2
5. 4 and 1
6. Conscious Sedation/ or ANALGESIA/ or Emergency Health Service/ or Emergency Medicine/ or Ambulance/ or Rescue Personnel/ or
Emergency Treatment/ or RESUSCITATION/
7. (sedat* or emergency* or resuscitat* or non?anaesthetist*).ti,ab.
8. 6 or 7
9. 8 and 1
10. 9 or 5
11. ( placebo.sh. or controlled study.ab.o r . "random*".ti,ab. or . trial*.ti. ) and human*.ec,hw,fs.
1 2 . 1 1 and 10

Appendix 4. Search strategy for CINAHL (EBSCO host)

S1 MJ Propofol
S2 TI diprivan or TI fresofol or TI pofol or TI propofol* or TI recofol
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S3 AB diprivan or AB fresofol or AB pofol or AB propofol* or AB recofol
S4 S3 or S2 or S1
S5 MH benzodiazepines or MH barbiturates or MH etomidate or MH ketamine
S6 (Benzodiazepin* or Anthramycin or Bromazepam or Clonazepam or Devazepide or Diazepam or Flumazenil or Flunitrazepam or
Flurazepam or Lorazepam or Nitrazepam or Oxazepam or Pirenzepine or Prazepam or Temazepam Alprazolam or Benzodiazepinon* or
Chlordiazepoxide or Clorazepate or Dipotassium or Estazolam or Medazepam or Midazolam or Triazolam Barbiturat* or Amobarbital or
Barbital or Hexobarbital or Mephobarbital or Methohexital or Murexide or Pentobarbital or Phenobarbital Secobarbil or Thiobarbiturat*
or Etomidate or ketamin*)
S7 S6 or S5
S8 S7 and S4
S9 MH Conscious-Sedation or MH Analgesia or MH Emergency-Medical-Services or MH Emergency-Medicine or MH Emergency-Service-
Hospital or MH Ambulances or MJ Emergency-Medical-Technicians or MH Emergency-Treatment or MH Resuscitation
S10 TI (sedat* or emergency* or resuscitat* or non?anaesthetist*)
S11 AB (sedat* or emergency* or resuscitat* or non?anaesthetist*)
S12 S11 or S10 or S9
S13 S12 and S4
S14 S13 or S8
S15 PT Clinical trials or AB random* or TI trial* or MM Placebo or AB CROSS?OVER* or AB controlled trial
S16S15 and S14

Appendix 5. Search strategy for ISI Web of Science

#1 TS=(diprivan or fresofol or pofol or propofol* or recofol) 
#2 TI=(Benzodiazepin* or Anthramycin or Bromazepam or Clonazepam or Devazepide or Diazepam or Flumazenil or Flunitrazepam or
Flurazepam or Lorazepam or Nitrazepam or Oxazepam or Pirenzepine or Prazepam or Temazepam Alprazolam or Benzodiazepinon* or
Chlordiazepoxide or Clorazepate or Dipotassium or Estazolam or Medazepam or Midazolam or Triazolam Barbiturat* or Amobarbital or
Barbital or Hexobarbital or Mephobarbital or Methohexital or Murexide or Pentobarbital or Phenobarbital Secobarbital or Thiobarbiturat*
or Etomidate or ketamin*) 
#3 #2 AND #1 
#4 TS=(sedat* or emergency* or resuscitat* or non?anaesthetist*) 
#5 #4 AND #1 
#6 #5 OR #3 
#7 TI=trial* or TS=random* 
# 8 # 7 AND #6

Appendix 6. Risk of bias assessment

 

Risk of bias assessment (RoB assessment)

Entry Judgement Support for judge-
ment

1. Random sequence generation (selection bias) Low risk/High risk/Unclear risk Quote:

2. Allocation concealment (selection bias) Low risk/High risk/Unclear risk Quote:

3. Blinding of participants and personnel (performance
bias)

Low risk/High risk/Unclear risk Quote:

4. Blinding of outcome assessment (detection bias) Low risk/High risk/Unclear risk Quote:

5. Incomplete outcome data Low risk/High risk/Unclear risk Quote:

6. Other bias (other sources of bias) Low risk/High risk/Unclear risk Quote:

Date:_/_/_ Reviewer's signature:
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W H A T ' S   N E W

 

Date Event Description

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

 

H I S T O R Y

Protocol first published: Issue 4, 2008
Review first published: Issue 7, 2015

 

Date Event Description

8 October 2015 Amended Background/ 'Why is it important to do this review' section. Pre-
viously the sentence beginning: "In addition, the Joint Com-
mission emphasises that the physician administering the seda-
tion must be qualified" stated "monitor the physician", where it
should say have stated "monitor the patient". This typo has now
been corrected

24 August 2011 Amended Protocol significantly updated – co-author’s affiliation updated;
measures of treatment effects updated; risk of bias tool updated;
summary of findings included; subgroup analysis updated; back-
ground updated and new references added; new electronic data-
base added to search: EBSCO CINAHL and ISI Web of Science.

18 November 2010 Amended Abel Wakai's citation changed

12 October 2010 Amended Abel Wakai's affiliation changed

25 May 2010 Amended Contact details updated

22 April 2010 Amended Abel Wakai's affiliation updated
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Abel Wakai (AW), Carol Blackburn (CB), Aileen McCabe (AM), Emilia Reece (ER), Ger O'Connor (GOC), John Glasheen (JG), Paul Staunton
(PS), John Cronin (JC), Christopher Sampson (CS), Siobhan C McCoy (SM), Ronan O'Sullivan (ROS), Fergal Cummins (FC)

Conceiving the review: AW.

Co-ordinating the review: ROS.

Undertaking manual searches: AW and ROS.

Screening search results: JG, GOC and SM.

Organizing retrieval of papers: AW.

Screening retrieved papers against inclusion criteria: JG, GOC and SM.

Appraising quality of papers: AM, ER and CS.

Abstracting data from papers: AM and ER.
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Providing additional data about papers: AW and ROS.

Obtaining and screening data on unpublished studies: AW and ROS.

Data management for the review: AW.

Entering data into Review Manager (RevMan 2014): PS and JC.

Review Manager (RevMan 2014) statistical data: AW, ROS and FC.

Double entry of data: (data entered by person one: PS; data entered by person two: JC).

Interpretation of data: AW, ROS and FC.

Statistical inferences: AW, ROS and CB.

Writing the review: AW, ROS and CB.

Performing previous work that was the foundation of the present study: AW, ROS and FC.

Guarantor for the review (one author): AW.

Responsible for reading and checking review before submission: AW, CB and ROS.
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

We made the following changes to the published protocol (Wakai 2008).

• Byline: Carol Blackburn, Aileen McCabe, Emilia Reece, Ger O'Connor, John Glasheen, John Cronin, Christopher Sampson and Siobhan
C McCoy joined the review team.

• Under the section 'Types of interventions', we used the term 'opioid' in the review to replace the term 'narcotic' used in the protocol;
similarly, we used the term 'non-opioid' in the review to replace the term 'non-narcotic' used in the protocol.

• We have added the following two additional secondary outcomes, not present in the protocol, to the review: minor complications (as
defined by the study authors) and major complications (as defined by the study authors).

• Searching other resources: we did not contact pharmaceutical companies.

• We added 'pain with injection' as an outcome measure in the 'Summary of findings' table.
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As part of the pre-publication editorial process, a content editor and five peer reviewers (who were external to the editorial team), one
or more members of the Cochrane Consumer Network's international panel of consumers and the Anaesthesia Group's Trials Search Co-
ordinator commented on the protocol.

We would like to thank Harald Herkner, Simon Brown, Wilhelm Ruppen, Michael Beach, Simon Carley, Michael Ragg, Kathie Godfrey, Amy
WoodruBe and Nete Villebro for their help and editorial advice during the preparation of the protocol (Wakai 2008).

We would also like to thank Dr. Ciarán Browne for his help in screening the search results.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Anesthesia;  *Anesthetics, Intravenous  [administration & dosage]  [adverse eBects];  *Emergency Service, Hospital;  *Propofol
 [administration & dosage]  [adverse eBects];  Etomidate  [administration & dosage];  Fentanyl  [administration & dosage];  Ketamine
 [administration & dosage]  [adverse eBects];  Midazolam  [administration & dosage];  Randomized Controlled Trials as Topic

MeSH check words

Adolescent; Adult; Humans; Middle Aged
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