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ABSTRACT
Objective and design: We conducted a systematic
review and meta-analysis to evaluate the incidence of
adverse events in the emergency department (ED)
during procedural sedation in the paediatric population.
Randomised controlled trials and observational studies
from the past 10 years were included. We adhere to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement.
Setting: ED.
Participants: Children.
Interventions: Procedural sedation.
Outcomes: Adverse events like vomiting, agitation,
hypoxia and apnoea. Meta-analysis was performed
with random-effects model and reported as incidence
rates with 95% CIs.
Results: A total of 1177 studies were retrieved for
screening and 258 were selected for full-text review. 41
studies reporting on 13 883 procedural sedations in
13 876 children (≤18 years) were included. The most
common adverse events (all reported per 1000
sedations) were: vomiting 55.5 (CI 45.2 to 65.8),
agitation 17.9 (CI 12.2 to 23.7), hypoxia 14.8 (CI 10.2
to 19.3) and apnoea 7.1 (CI 3.2 to 11.0). The need to
intervene with either bag valve mask, oral airway or
positive pressure ventilation occurred in 5.0 per 1000
sedations (CI 2.3 to 7.6). The incidences of severe
respiratory events were: 34 cases of laryngospasm
among 8687 sedations (2.9 per 1000 sedations, CI 1.1
to 4.7; absolute rate 3.9 per 1000 sedations), 4
intubations among 9136 sedations and 0 cases of
aspiration among 3326 sedations. 33 of the 34 cases of
laryngospasm occurred in patients who received
ketamine.
Conclusions: Serious adverse respiratory events are
very rare in paediatric procedural sedation in the ED.
Emesis and agitation are the most frequent adverse
events. Hypoxia, a late indicator of respiratory
depression, occurs in 1.5% of sedations.
Laryngospasm, though rare, happens most frequently
with ketamine. The results of this study provide
quantitative risk estimates to facilitate shared decisionmaking, risk communication, informed consent and

Strengths and limitations of this study
▪ This is a large systematic review and meta-analysis of current data on procedural sedation in
children and adheres to recommendations made
in the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement.
▪ We searched MEDLINE, EMBASE, EBSCO,
CINAHL, CENTRAL, the Cochrane Database of
Systematic Reviews, Web of Science and Scopus
from inception through June 2014 without language restrictions.
▪ Randomised controlled trials and observational
studies of procedural sedations in the emergency
department were included. We did not search for
unpublished literature or ongoing trials.
▪ Restriction to paediatric population (younger
than 18 years of age).
▪ There was lack of standardisation and variation
in the definition of the outcomes.

resource allocation in children undergoing procedural
sedation in the ED.

INTRODUCTION
Procedural sedation and analgesia (PSA) in
the emergency department (ED) is frequently performed for painful or potentially
agitating procedures performed on children.1 Several large paediatric studies have
investigated the use of PSA in a variety of settings outside of the operating room.2–4 PSA
performed in the ED is distinctive from
other settings in that the procedures performed are likely to be more painful and
urgent in nature.3 Over the past decade, PSA
in the ED has been in a relative steady state
regarding the guidelines set forth and the
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available in online supplementary appendix 1a.
Information about the included studies can be found in
online supplementary appendix 1b.
Types of patients and procedures
Studies of patients younger than 18 years of age who
underwent PSA in the ED were included. All types of
medications used for PSA were included. Procedures
included: orthopaedic joint or fracture reductions, laceration repairs, chest tube insertion, electrical cardioversion, abscess incision and drainage, upper endoscopy,
feeding tube replacement, lumbar puncture, arthrocentesis, foreign body removal, burn wound care, hernia
reduction, stool disimpaction, urinary catheter placement, central line placement, nasopharyngoscopy, peritonsillar abscess drainage,
pelvic examination,
paraphimosis reduction, prolapse reduction, bone
marrow aspiration, ophthalmological examination and
obtaining CT or MRI.
Types of interventions
To meet the inclusion criteria, sedation had to be performed in the ED by emergency providers, including
emergency medicine residents, staff physicians and/or
advance practice providers (nurse practitioners or physician assistants). Any drug alone or in combination,
given by any route (intravenous, intramuscular, inhalational, intranasal or oral), was included. Studies where
the aim was anxiolysis alone were not included. Only
studies
in
which
PSA
was
attempted
for
moderate-to-deep sedation were included.

METHODS
Study design
This is a systematic review and meta-analysis of studies
reporting rates of adverse events for commonly used sedation drugs in the ED. A protocol was written before
beginning the investigation. This report adheres to
recommendations made in the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement.21

Outcome measures
In determining which adverse events to abstract and
report, we followed previously reported outcomes in the
PSA literature. The following outcomes were included:
agitation, apnoea, aspiration, bradycardia, bag valve
mask (BVM)/positive pressure ventilation, hypotension,
hypoxia, intubation, laryngospasm, myoclonus, vomiting
and oral airway placement. Subclinical respiratory
depression was deﬁned as a loss of end-tidal carbon
dioxide (ETCO2) waveform; change in ETCO2 of
>10 mm Hg or as reported per each individual study was
recorded but not analysed as an outcome.

Eligibility criteria
Types of studies
We included original research studies, including randomised controlled trials (RCTs) and cohort studies, in
which procedural sedation (PSA) was performed on
children in the ED. Only studies with children younger
than 18 years of age were included. The study included
children younger than 18 years. We did not exclude any
studies based on language. Studies published in the past
10 years were included. This time restriction was based
on the availability of capnography and increased standardisation of PSA. Details of articles excluded on the
basis of publication date (from 1966 until 2004) are

Search strategy
A senior expert librarian designed and conducted a
comprehensive search of eight electronic databases,
including Ovid MEDLINE, Ovid EMBASE, EBSCO
CINAHL, Ovid CENTRAL, the Ovid Cochrane Database
of Systematic Reviews, Web of Science and Scopus from
inception to June 2014. The Medline search strategy is
included in online supplementary appendix 2. We
searched for published conference abstracts. We did not
search the grey literature including reports or dissertations, ongoing or unpublished research or expert
opinion. We did not apply any language restrictions to
the search strategy.
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monitoring performed.5–7 In addition, there has been a
move to standardise reporting of adverse sedation
events.8 9 Despite the advance in monitoring and medication selection, there is no single ‘safe’ and ‘risk-free’
medication for PSA.10–12
The behaviour and developmental stage of a child
makes PSA in children distinct from that of adults.
Although similar medications are frequently used, doses
are higher in children relative to body weight.13
Frequently, a deeper level of sedation is necessary to
perform a procedure on a child compared with an
adult.1 Children inherently have a habitus that is prone
to adverse events.14 They have a larger occiput, which
makes positioning of the airway more challenging. They
have a relatively larger tongue and upper airway soft
tissue that can occlude the airway.15 The airway of a
child also has higher resistance due to a funnel-shaped
glottis.16 They have a higher metabolic demand, resulting in the rapid development of hypercarbia and
hypoxia after apnoea.17 All of these factors add to the
challenge of performing PSA safely in children.
Much of the current PSA literature has focused on the
use of medication combinations, comparison to a single
agent and/or use of different routes of administration.18–20 We conducted a systematic review and
meta-analysis to determine the incidence of adverse
events during PSA in children in the ED, including the
frequency of events associated with individual drugs and
different drug combinations. We anticipate that the
results of the review will provide useful information to
providers when performing procedural sedation in a
given patient, engaging in risk communication, shared
decision-making and in the informed consent process.

Open Access

Data extraction
Data were extracted independently and in duplicate
using a standardised data form. Disagreements were
resolved by discussion and consensus. Data collected
included study design and the incidence of each
reported adverse event. Data were compared between
the two reviewers, and discrepancies were resolved
through discussion.
We collected details regarding medications used
including whether a single drug was used (eg, propofol)
or a combination of drugs (eg, propofol/ketamine). We
recorded the total number of patients experiencing
events and the total number of procedures performed.
Risk of bias assessment
For RCTs, we assessed the risk of bias using the
Cochrane Collaboration Bias Appraisal Tool.22 We
assessed the risk of bias for cohort studies using the
Newcastle-Ottawa Scale.23
Missing data
We collected the outcomes included in the published
reports. We contacted authors by email if data were
missing or unclear. If data were still missing after
attempting to contact the author, we classiﬁed the study
as unclear. If data were not reported for a particular
outcome, this was recorded in the data abstraction form.
Data synthesis
We used the ‘OpenMetaAnalyst’ software24 for
meta-analyses using a random-effects model as described
by DerSimonian-Laird. I2 was used to quantify the
degree of statistical heterogeneity between studies. For
studies with a low frequency of events (zero events), we
used the modiﬁed Wald method to calculate CIs. We
estimated the incidence per 1000 patients with 95% CIs.
We measured the interobserver reliability of phase II of
the study selection process using Cohen’s unweighted κ.
To account for the clinical and statistical heterogeneity
between studies, we used a random-effects model.
A random-effects model uses a different formula to calculate more conservative 95% CIs. The effects of treatment are assumed to vary around some overall average
treatment effect, as opposed to a ﬁxed-effects model, in
which it is assumed that each study has the same ﬁxed
common treatment effect.
Bellolio MF, et al. BMJ Open 2016;6:e011384. doi:10.1136/bmjopen-2016-011384

We performed the following a priori sensitivity analysis: the incidence of adverse events reported in RCTs.
RESULTS
Description of included studies
Figure 1 shows the study selection process. The search
strategy identiﬁed 1177 studies for review. After screening the titles and abstracts and removing duplicates, we
identiﬁed 258 potentially relevant studies. After a fulltext review, 92 articles met the inclusion criteria. After
excluding studies published before 2004, 41 articles
including 13 883 sedations conducted in 13 876 children
were included. Interobserver agreement (κ) for phase II
of the review was 0.99 (95% CI 0.98 to 1.0).
Study characteristics
Thirteen were RCTs and 28 were observational studies.
The studies included 13 883 PSAs conducted in 13 876
children, with <0.1% undergoing more than one PSA
(online supplementary appendix 1b).
Quality and risk of bias assessment
The quality of randomised trials using Cochrane
Collaboration’s tool for assessing the risk of bias is
included in online supplementary appendix 3, and the
quality of cohort studies using the Newcastle-Ottawa
Scale is included in online supplementary appendix
4. Most studies had a moderate risk of bias. We did not
exclude articles based on the quality assessment.
We assessed clinical heterogeneity by determining
whether the characteristics of participants, interventions,
outcome measures and timing of the outcome measurement were similar across studies. Sources of clinical heterogeneity included variable sample size between studies
and different indications for sedation including: orthopaedic joint or fracture reductions, laceration repairs,
chest tube insertion, abscess incision and drainage,
upper endoscopy and lumbar puncture, among others.
We did, however, consider it reasonable to pool the data,
as these were all performed in the ED setting and
required the patients to be sedated to tolerate the procedure. The timing for measurement of the outcomes
was similar across studies, as sedation is a resourceintensive and closely monitored procedure.
We found a range from low to high statistical heterogeneity, with low statistical heterogeneity in the outcomes of aspiration, bradycardia and intubation (I2 0%),
hypotension (I2 8%), apnoea (I2 25%), BVM/oral
airway/positive pressure ventilation (I2 47%) and laryngospasm (I2 40%). There was moderate-to-high statistical
heterogeneity in the outcomes of agitation (I2 75%),
hypoxia (I2 76%) and vomiting (I2 85%).
Outcomes
A total of 13 883 procedural sedations in children were
included. Table 1 shows the incidence of adverse events
per 1000 procedural sedations. The most common
3
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Study selection
In phase I, two investigators, working independently,
screened all titles and abstracts for eligibility. Records
considered potentially relevant were retrieved in full text
and assessed for eligibility by two independent reviewers
in phase II. We used Cohen’s unweighted κ to measure
chance corrected agreement between reviewers for
phase II of the study selection. Any disagreements were
discussed with the lead author and resolved by
consensus.
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adverse events (all reported per 1000 sedations) were:
vomiting 55.5 (95% CI 45.2 to 65.8), followed by agitation 17.9 (95% CI 12.2 to 23.7), hypoxia 14.8 (95% CI
10.2 to 19.3) and apnoea 7.1 (95% CI 3.2 to 11.0). The
incidence of severe respiratory events was 0 cases of
aspiration among 3326 sedations, 4 intubations among
9136 sedations and 34 laryngospasms among 8687
sedations.
Agitation
There were 175 (18.2 per 1000 sedations; 95% CI 12.2
to 23.7) patients who developed agitation. A total of 6 of
1171 children received medication to treat agitation (3.1
per 1000 sedations). Studies using midazolam had the
highest incidence of agitation. Propofol, nitrous oxide
and etomidate had the lowest incidence of agitation
(table 2 and ﬁgure 2). There were two studies that
appear to be outliers in the plot. The study by Ghane
et al reported sedation with intramuscular injection of
4

midazolam in an ED in Iran. The authors report
euphoria in 66.6% of the children and, in their discussion, acknowledge the high incidence of agitation and
report that could be due to the race of the patients. The
study by Oktay et al was performed in an ED in Turkey.
They report 34 cases of recovery agitation including agitation, hallucinations, dysphoria, as well as pleasant and
unpleasant dreams. The incidence was similar in the
group with ketamine alone versus ketamine plus
midazolam.

Apnoea
There were 38 events of apnoea in 6215 sedations with
an incidence of 7.1 per 1000 sedations (95% CI 3.2 to
11.0). Studies using propofol had the highest rate of
apnoea, with an incidence of 34.3 for propofol/ketamine (95% CI 0 to 96.8) and 15.0 (95% CI 3.2 to 26.8)
for propofol alone (table 2 and ﬁgure 3).
Bellolio MF, et al. BMJ Open 2016;6:e011384. doi:10.1136/bmjopen-2016-011384
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Figure 1 Flow diagram of study selection process. From 1177 records identified through database searching, 41 articles were
eligible and included in the review. ED, emergency department.
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Agitation
Apnoea
Aspiration
Bradycardia
BVM/oral airway/positive
pressure ventilation
Hypotension
Hypoxia
Intubation
Laryngospasm
Vomiting

Number of events per sedations

Estimate per 1000

Lower CI

Upper CI

I2 (%)

175/7226
38/6215
0/3326
9/1315
50/8760

17.9
7.1
0.0
4.5
5.0

12.2
3.2
0.0
0.9
2.3

23.7
11.0
1.4
8.1
7.6

75
25
0
0
47

12/2128
238/11 457
4/9136
34/8687
498/7865

2.2
14.8
0.4
2.9
55.5

0.0
10.2
0.0
1.1
45.2

4.3
19.3
0.8
4.7
65.8

8
76
0
40
85

BVM, bag valve mask.

Aspiration
There were no reported aspirations within the 3326
sedations, with an incidence of 0 per 1000 sedations
(95% CI 0 to 1.4).
BVM ventilation, oral airway and positive pressure mask
The composite outcome of BVM/oral airway/positive
pressure ventilation was 50 events in 8760 patients with
an incidence of 5.0 per 1000 sedations (95% CI 2.3 to
7.6). Studies using propofol alone had the highest incidence (10.2 per 1000 sedations). Ketamine alone had
an incidence of 6.9 per 1000 sedations. When propofol
and ketamine were used together, the incidence was 5.3
per 1000 (95% CI 0 to 13.4), shown in table 2 and
ﬁgure 4.
Bradycardia
A total of 1315 sedations reported the outcome of bradycardia. There were 9 (4.5 per 1000 sedations; 95% CI
0.9 to 8.1) events of bradycardia. Studies using etomidate (66.7 per 1000 sedations) had the highest incidence of bradycardia (table 2 and ﬁgure 5).
Hypotension
There were 12 events of hypotension among 2128 sedations (2.2 per 1000 sedations; 95% CI 0 to 4.3). Studies
using propofol (37.3 per 1000 sedations) and etomidate
(16.7 per 1000 sedations) had the highest incidence of
hypotension (table 2 and ﬁgure 6).
Hypoxia
Hypoxia was reported in most of the studies, comprising
238 events in 11 457 sedations. The overall incidence
was 14.8 per 1000 sedations (95% CI 10.2 to 19.3). The
highest incidence of hypoxia occurred with etomidate
(260.1 per 1000 sedations; 95% CI 122.1 to 398.2),
shown in table 2 and ﬁgure 7.
Intubation
There were 4 cases of intubation among 9136 sedations
(0.4 per 1000 sedations; 95% CI 0 to 0.8). Intubations
Bellolio MF, et al. BMJ Open 2016;6:e011384. doi:10.1136/bmjopen-2016-011384

were more common in studies that used propofol (5.3
per 1000 sedations), shown in table 2 and ﬁgure 8.
Laryngospasm
A total of 8687 sedations reported the outcome of laryngospasm. Laryngospasm was reported in 34 patients (2.9
per 1000 sedations; 95% CI 1.1 to 4.7). Thirty-three of
the 34 laryngospasms occurred in patients who received
ketamine. Ketamine with propofol had the highest incidence at 4.6 per 1000, followed by ketamine alone at 4.2
per 1000 sedations (table 2 and ﬁgure 9).
Vomiting
Vomiting occurred in 498 of 7865 sedations, with an
incidence of 55.5 per 1000 sedations (95% CI 45.2 to
65.8). Ketamine had the highest incidence of vomiting
with 80.7 per 1000 sedations. When propofol and ketamine were used in combination, the incidence was 3.0
per 1000 sedations (Table 2 and ﬁgure 10).
Sensitivity analyses
When analysing the outcomes of RCTs, the incidence of
events per 1000 sedations (95% CI) was higher than the
overall meta-analysis (95% CI): hypoxia 42.5 (24.2 to
60.9); agitation 88.6 (39.7 to 137.4); apnoea 9.1 (1.8 to
16.4); hypotension 14.9 (0 to 36.5); laryngospasm 5.9 (0
to 14.4); and vomiting 100.2 (69.5 to 130.9). There were
no cases of bradycardia, intubations or aspirations
reported in any of the RCTs.
DISCUSSION
Procedural sedation for children in the ED setting is an
evolving process.25 The goal is to provide safe, effective
PSA with minimal adverse events. With speciﬁc guidelines set forth by the American Academy of Pediatrics
(AAP), the American College of Emergency Physicians
(ACEP), the American Society of Anesthesiologists
(ASA) and recommendations from the Joint
Commission
of
Accreditation
of
Healthcare
Organizations ( JCAHO), there are set expectations on
patient selection, practitioner skills and patient
5
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Table 1 Incidence of adverse events per 1000 sedations (meta-analysis)

Ketamine

Ketamine/midazolam/
+/−Opioid

Ketamine/
propofol

Midazolam

Nitrous oxide
or chloral hydrate

Propofol

0/62
0
0 to 69.8
0

73/2639
24.1
13.3 to 34.9
70

24/598
63.6
10.4 to 116.8
84

11/286
41.4
0 to 83.7
48

24/119
181.4
2.4 to 360.3
94

35/2964
7.9
4.0 to 11.8
16

1/331
3.0
0 to 8.9
0

0/110
0
0 to 40.5
0

20/4910
5.3
0.4 to 10.3
16

1/108
9.3
0 to 27.3
NA

7/286
34.3
0 to 96.8
75

0/50
0
0 to 85.2
NA

0/207
0
0 to 21.9
NA

10/544
15.0
3.2 to 26.8
15

0/60
0
0 to 72
NA

0/802
0
0 to 5.8
0

0/403
0
0 to 11.4
NA

0/18
0
0 to 206.7
NA

0/1918
0
0 to 2.4
0

0/125
0
0 to 35.8
NA

4/60
66.7
3.5 to 129.8
NA

1/299
5.7
0 to 14.3
0

1/158
9.4
0 to 24.4
0

2/219
9.1
0 to 21.7
NA

0/248
0
0 to 18.4
0

1/331
3.0
0 to 8.9
92

0/110
0
0 to 40.5
0

41/5375
6.9
4.7 to 9.1
0

1/403
2.5
0 to 7.3
NA

1/306
5.3
0 to 13.4
0

0/68
0
0 to 64
0

0/1954
0
0 to 2.4
0

7/544
10.2
0 to 21.4
24

1/60
16.7
0 to 49.1
NA

0/505
0
0 to 9.1
0

1/451
1.4
0 to 4.8
0

0/219
0
0 to 8.6
NA

1/226
2.7
0 to 9.4
0

0/248
0
0 to 18.4
0

9/419
37.3
0 to 108.5
84

35/122
260.1
122.1 to 398.2
65

140/6363
18.9
11.1 to 26.7
64

20/791
34.1
10.9 to 57.3
56

8/306
32.0
0 to 77.3
59

12/480
12.6
0 to 28.4
57

4/2788
1.7
0.2 to 3.3
0

16/544
26.2
12.8 to 39.6
0

0/110
0
0 to 40.5
0

1/5681
0.3
0 to 0.8
0

1/561
1.6
0 to 5
0

0/306
0
0 to 14.9
0

0/68
0
0 to 64
0

0/1954
0
0 to 2.4
0

2/456
5.3
0 to 11.9
0
Continued
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Agitation
Events
Estimate per 1000
95% CI
I2 (%)
Apnoea
Events
Estimate per 1000
95% CI
I2 (%)
Aspiration
Events
Estimate per 1000
95% CI
I2 (%)
Bradycardia
Events
Estimate per 1000
95% CI
I2 (%)
BVM/OA/PPV
Events
Estimate per 1000
95% CI
I2 (%)
Hypotension
Events
Estimate per 1000
95% CI
I2 (%)
Hypoxia
Events
Estimate per 1000
95% CI
I2 (%)
Intubation
Events
Estimate per 1000
95% CI
I2 (%)

Etomidate

Open Access

6
Table 2 Incidence of adverse events per 1000 sedations by medication used (meta-analysis)

BVM, bag valve mask; NA, not applicable; OA, oral airway; PPV, positive pressure ventilation.

9/122
66.7
22.6 to 110.8
0

213/2720
80.7
57.2 to 104.1
88

61/1100
68.6
36.5 to 100.7
80

2/306
3.0
0 to 9.2
0

12/586
16.1
2.5 to 29.7
30

198/2804
68
50 to 86.1
56

1/456
3.2
0 to 8.4
0
0/1873
0
0 to 2.5
0
0/18
0
0 to 206.7
NA
1/219
4.6
0 to 13.5
NA
1/453
1.4
0 to 4.8
0
31/5441
4.2
1.4 to 7
31

Laryngospasm
Events
Estimate per 1000
95% CI
I2 (%)
Vomiting
Events
Estimate per 1000
95% CI
I2 (%)

Nitrous oxide
or chloral hydrate
Midazolam
Ketamine/
propofol
Ketamine/midazolam/
+/−Opioid
Ketamine
Etomidate
Table 2 Continued
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monitoring.5 7 26 27 The purpose of this review was to synthesise existing data to provide incidence rates of events
that are infrequent when reported in individual studies.
In addition, it was our goal to focus on the past 10 years
of data in order to capture contemporary medication
trends and monitoring practices for PSA in the ED. We
included 41 different studies comprising nearly 14 000
sedations.
There were no reports of any paediatric deaths during
PSA in the ED in the included studies over the past
10 years. In 1983, there were three paediatric deaths in
the same dental ofﬁce due to a combination of medications given for dental procedures. These deaths led to
the development of the ﬁrst sedation guidelines published by the AAP in 1985.28 In 2001, there was a report
of an infant who had been overdosed with demerol,
phenergan and thorazine (DPT) in the ED, went into
cardiac arrest and recovered subsequently.29 The
Pediatric Sedation Research Consortium reported no
deaths in over 38 000 sedations performed by emergency physicians.30 Death from PSA in the ED is a rare
event; diligent monitoring performed by clinicians with
skills necessary to rescue from deeper levels of sedation
are important factors in performing PSA safely.
Agitation occurred in 1.8% of children undergoing
PSA in the ED. This was seen most frequently with midazolam on nearly 20% of sedations. Midazolam has a
long history of causing ‘paradoxical reactions’ or agitation.31 The mechanism is thought to be due to the
inhibition of the cortical restraint centres and decreased
serotonin that may precipitate aggressive behaviour.32
Previous reports of agitation from midazolam alone have
ranged from 6% to 42%.33 34 We found that ketamine/
midazolam and ketamine/propofol had similar incidences of agitation (6% and 4%, respectively). Ketamine
alone had about half of the incidence of agitation at
24.1 per 1000 sedations or 2.4% (95% CI 1.3 to 3.5).
Green et al35 reported severe agitation in 1.6% of
patients receiving intramuscular ketamine. In a study by
Sherwin et al36 on agitation using ketamine with and
without midazolam, it was found that midazolam had no
additional beneﬁt in decreasing recovery agitation. Our
study supports this ﬁnding with a higher incidence of
agitation with ketamine/midazolam than ketamine
alone. The lowest rates of agitation were seen with
nitrous oxide at 7.9 per 1000 sedations or 0.8% and propofol at 3.0 per 1000 sedations or 0.3%. Nitrous oxide is
known to have an opioid-like effect that occurs in addition to the sedative effect.37 38 The majority of the propofol studies were performed for fracture reduction and
received opioids during their course. We found no
events of agitation with etomidate; however, the
meta-analysis included only two small studies. Other
studies on etomidate have reported 0–4% incidence of
agitation.39 40 All medications used for PSA aim to
depress awareness, and in so doing, it may inhibit
control centres in the brain, resulting in agitation. In
addition, preprocedural agitation has been signiﬁcantly
7
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Propofol
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associated with recovery agitation.36 Medication selection
and patient predisposition are important factors in the
decision process for PSA.
Apnoea occurred in <1% and hypoxia in about 1.5%
of children undergoing PSA. The majority of children
were monitored with ETCO2 monitoring. The ETCO2
monitoring has been shown to detect apnoea and hypoventilation before hypoxia is detectable.41 The 2006 AAP
8

guidelines ‘encouraged’ capnography, whereas both the
ACEP and ASA have recommended routine use of capnography during all PSAs performed.5 7 Hypoxia was an
adverse event that the majority of studies reported,
where apnoea was reported in only about half of the
studies. Ketamine was the medication used most frequently for PSA. Ketamine is unique in that it is a dissociative agent and does not follow the dose-dependent
Bellolio MF, et al. BMJ Open 2016;6:e011384. doi:10.1136/bmjopen-2016-011384
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Figure 2 Meta-analysis of the outcome of agitation by study medication. CH/NO, chloral hydrate/nitrous oxide; Ev, number of
events; IM, intramuscular; IV, intravenous; KMO, ketamine/midazolam/opioid; NA, not applicable; Trt, total number of children/
sedations.

Open Access

sedation spectrum of minimal, moderate, deep and
general anaesthesia.42 Ketamine/propofol and propofol
alone had higher rates of apnoea than ketamine alone
(3.4% and 1.5% vs 0.5%, respectively). This did not
hold true for hypoxia, though, where ketamine/propofol, ketamine and propofol had a fairly similar incidence.43 Etomidate was found to have the highest rate
of hypoxia at 26% of the PSAs. In all of the paediatric

etomidate studies, fentanyl was administered at 1 µg/
kg just prior to the PSA. Further investigation is most
likely needed to elucidate the role of adjunct opioids in
paediatric PSA. The lowest incidence of hypoxia was
seen with nitrous oxide at 0.2%. This is not surprising,
since the majority of nitrous oxide PSAs are in the
minimal-to-moderate range of PSA and administered
concomitantly with oxygen.

Figure 4 Meta-analysis of the outcome of bag valve mask, oral airway and positive pressure ventilation by study. Ev, number of
events; IM, intramuscular; IV, intravenous; Trt, total number of children/sedations.
Bellolio MF, et al. BMJ Open 2016;6:e011384. doi:10.1136/bmjopen-2016-011384
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Figure 3 Meta-analysis of the outcome of apnoea by study. Ev, number of events; IM, intramuscular; IV, intravenous; Trt, total
number of children/sedations.

Open Access

Basic airway interventions and BVM/oral airway/positive pressure ventilation were needed in 5.0 per 1000
sedations or 0.5% of PSAs. Intubation was rare and performed in 0.4 per 1000 sedations or 0.04% of PSAs.
Propofol was the medication that had the highest incidence of basic and advanced airway interventions at 1%
and 0.5%, respectively. Interestingly, etomidate, which
had the highest rate of hypoxia in our study, did not
require any airway interventions other than supplemental oxygen.
Laryngospasm, which may require basic to advanced
airway intervention, occurred in 0.3% of PSAs. This is

similar to previous studies on ketamine that estimated
the risk at 0.4–0.7%.44 45 Laryngospasm was treated most
frequently with BVM/positive pressure airway. In one
case, intubation was required. The majority of laryngospasm cases occurred with the use of ketamine. In the
study with the highest incidence of laryngospasm, 20
(69%) of the 29 patients with laryngospasm received
intramuscular ketamine.29 Nonetheless, laryngospasm
does occur with other PSA medications such as propofol.46 In the largest study of paediatric propofol in a
variety of settings, the rate of laryngospasm was 0.2%.12
Between 0.3% and 1.5% of children will have a

Figure 6 Meta-analysis of the outcome of hypotension by study and medication. CH/NO, chloral hydrate/nitrous oxide; Ev,
number of events; IN, intranasal; IV, intravenous; KMO, ketamine/midazolam/opioid; NA, not applicable; Trt, total number of
children/sedations.
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Figure 5 Meta-analysis of the outcome of bradycardia by study. Ev, number of events; IM, intramuscular; IV, intravenous; Trt,
total number of children/sedations.
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Figure 7 Meta-analysis of the outcome of hypoxia by study and medication. CH/NO, chloral hydrate/nitrous oxide; Ev, number
of events; IM, intramuscular; IN, intranasal; IV, intravenous; KMO, ketamine/midazolam/opioid; Trt, total number of children/
sedations.

Open Access

respiratory event during PSA. The majority will only
require supplemental oxygen and airway repositioning.
Advanced and basic airway skills will be required in up
to 0.5% of sedations.
Vomiting occurred in 5.6% of paediatric PSAs performed in the ED. There were no occurrences of

aspiration reported in the nearly 14 000 patients
reviewed. Recently, there was a report of laryngospasm
with subsequent aspiration with nitrous oxide PSA in the
ED.46 Ketamine did have a relatively high incidence of
vomiting at 8%, compared with all of the other medications, followed by nitrous oxide at 6.8%. In previous

Figure 9 Meta-analysis of the outcome of laryngospasm by study. Ev, number of events; IM, intramuscular; IV, intravenous; Trt,
total number of children/sedations.
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Figure 8 Meta-analysis of the outcome of intubation by study. Ev, number of events; IM, intramuscular; IV, intravenous; Trt,
total number of children/sedations.
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Figure 10 Meta-analysis of the outcome of vomiting by study and medication. CH/NO, chloral hydrate/nitrous oxide; Ev, number of
events; IM, intramuscular; IN, intranasal; IV, intravenous; KMO, ketamine/midazolam/opioid; Trt, total number of children/sedations.
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Limitations
There are several potential limitations in our systematic
review. (1) The major limitation is variation in the deﬁnitions for the outcomes that were provided in the
studies. There is a lack of standardisation in the reporting of the outcomes by the original studies, and this
might have affected the estimates. (2) Not all studies
reported all the outcomes of interest in the
meta-analysis. For example, the need for intervention
after hypoxia, nausea and hypotension were not explicitly reported in each study. Multiple studies reported
the need for supplemental oxygen or airway repositioning; however, we considered these as part of the sedation
procedure and not as outcomes. (3) The RCTs reported
higher incidences of adverse events; this is most likely
due to more rigorous data collection procedures than in
observational studies. Reporting pooled incidences of
both RCTs and observational studies strengthens the statistical precision of the estimates and enhances the ability
to provide incidence rates of events that are infrequent
when reported in individual studies, which was one of
the goals of this review. (4) We did not search for
unpublished literature or ongoing trials. (5) We analysed
each treatment arm as a separate study to be able to
analyse by medication received; the cohorts did not
overlap, so the patients were not counted twice in the
analyses. Since each study arm received different medications and had different events, we included them as
separate cohorts. This can introduce study correlation
within the analyses. (6) This study is limited to
14

adverse events in children up to age 18, which could
have included children who are physiologically adults.
Data on adverse events in adults can be found in
Bellolio et al.53
There are several possible sources of variability or heterogeneity among studies that are included in
meta-analyses. Variability in the participants, the types or
timing of outcome measurements, and intervention
characteristics may be termed clinical heterogeneity; variability in the trial design and quality is typically termed
methodological heterogeneity; variability in summary treatment effects between trials is termed statistical heterogeneity.
Methodological
and
clinical
sources
of
heterogeneity contribute to the magnitude and presence
of statistical heterogeneity. Signiﬁcant statistical heterogeneity arising from methodological heterogeneity suggests that the studies are not all estimating the same
effects due to different degrees of bias.
Clinical heterogeneity arises from differences in participant characteristics (eg, sex, age, baseline disease
severity, ethnicity, comorbidities), types or timing of
outcome measurements and intervention characteristics
(eg, dose and frequency of dose). This heterogeneity
can cause signiﬁcant statistical heterogeneity, inaccurate
summary effects and associated conclusions, misleading
decision-makers and others.
To decrease selection bias, we included all eligible
studies, including those with low numbers of participants. This introduces heterogeneity into the analyses.
We assessed clinical and statistical heterogeneity and
accounted for this in the statistical analyses. There was
moderate clinical heterogeneity and variable statistical
heterogeneity, meaning that there was some variability
in the intervention effects being evaluated in the different studies. Low statistical heterogeneity is desirable in a
meta-analysis.
The outcomes chosen were those that were clinically
important and clearly deﬁned in most of the studies.
Rigorous methodology was used in all steps of the data
review and extraction process, which was conducted in
duplicate by two independent reviewers.

CONCLUSIONS
Serious adverse events such as intubation and aspiration
are very rare in paediatric procedural sedation in the
ED. Before performing PSA, the clinician should discuss
the risks, beneﬁts, alternatives of the procedure and the
planned sedation with the parent and patient, answering
any questions that arise. Data from this review will help
inform the clinician and the patient regarding the incidence of complications and side effects of PSA. These
data provide quantitative risk estimates to facilitate
shared decision-making, risk communication and
informed consent as well as resource allocation for PSA
in the ED.
The safest and most effective medication or combination of medications for sedation is yet to be
Bellolio MF, et al. BMJ Open 2016;6:e011384. doi:10.1136/bmjopen-2016-011384
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paediatric ketamine studies, vomiting was estimated at
6.1–18.8%.47 48 Ondansetron has been found to
decrease ketamine associated vomiting from 12.6% to
4.7% in a double-blind placebo-controlled randomised
study.49 Although vomiting is not a serious adverse
effect, it is stressful for patients and families. This should
be considered when obtaining informed consent and
when involving the families and patients in shared
decision-making.
Hypotension occurred in 0.2% and bradycardia in
0.5% of PSAs performed in the ED. Hypotension
occurred most frequently with propofol and etomidate.
Propofol is known to cause transient hypotension but
rarely needs any intervention.50 51 Bradycardia was seen
infrequently and was more common with etomidate. All
but one of the episodes of bradycardia self-resolved. In a
study of PSA in children aged < 2 years by Misra et al,52
ketamine/midazolam was administered twice to a 2month old infant with recent bronchiolitis; the patient
developed apnoea and bradycardia and was intubated.
In summary, serious adverse events and a need for
advanced airway management are exceedingly rare in
paediatric PSA in the ED. We hope this information will
guide a physicians’ choices of medication selection in
PSA, facilitate risk communication at the time of
informed consent and create a stronger background for
shared decision-making.
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