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Abstract

Background. Procedural sedation reduces pain, anxiety, and discomfort during emergency department (ED)
procedures. Analgesics, sedatives and anxiolytics ensure patient comfort but can cause respiratory, cardio-
vascular, neurological, and gastrointestinal (Gl) side effects.

Objectives. To synthesize data on adverse events and procedural efficacy from randomized controlled trials
(RCTs) involving the use of different drugs/drug combinations used for procedural sedation.

Materials and methods. A systematic literature review was conducted using MEDLINE and CENTRAL
databases for RCTs that involved adult patients who were administered drugs for procedural sedation in the ED.
Outcomes such as hypoxia, hypotension, apnea, agitation, Gl disturbances (nausea, vomiting), and bradycar-
dia/dysrhythmia were extracted from the trials. A meta-analysis was performed using OpenMeta (Analyst)
software to determine the pooled incidence of each adverse outcome and procedural success for the different
drugs and drug combinations.

Results. A total of 50 RCTs were included in the meta-analysis with information from 5,398 patients.
Meta-analysis of the data showed a pooled incidence of 136 events/1,000 sedations (95% confidence
interval (95% (1): 112-160) for hypoxia, 23 events/1,000 sedations (95% Cl: 15-31) for hypotension,
143 events/1,000 sedations (95% Cl: 110—177) for agitation, 51 events/1,000 sedations (95% CI: 38—64)
for apnea, 45 events/1,000 sedations (95% Cl: 30—60) for Gl disturbances, and 30 events/1,000 sedations
(959% CI: 19—471) for bradycardia/dysrhythmia. The procedural success rate was 921 events/1,000 sedations
(959% (I: 896-946).

Conclusions. The results of this meta-analysis shed light on the adverse effects of various procedural
sedation agents used for different procedures in the ED. Ketamine—propofol combinations were associated
with less hemodynamic instability, whereas propofol caused hypotension and respiratory events and Gl
disturbances were associated with the administration of fentanyl and ketamine. Thus, individual patient
factors such as age and comorbidities and the risk profile of different agents should be considered during
procedural sedation protocols. This meta-analysis summarizes the side effects of several drugs to help
physicians administer them safely.
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Highlights

cal, and gastrointestinal systems.

of hypotension.

+ Inthe emergency department, procedural sedation and analgesia are used to reduce anxiety, discomfort, and pain
during complex procedures, ensuring patient comfort and safety.
« Procedural sedation and analgesia may cause adverse effects involving the respiratory, cardiovascular, neurologi-

« This study aimed to synthesize data on adverse events and procedural efficacy from randomized controlled trials
evaluating different drugs and drug combinations for procedural sedation.

+ Midazolam and ketofol were associated with fewer cardiovascular adverse events; however, ketamine was linked
to a higher incidence of agitation, while propofol was associated with respiratory depression and a higher incidence

Introduction

Procedural sedation, also referred to as procedural
sedation and analgesia (PSA), is a cornerstone prac-
tice in the emergency department (ED) to relieve anxi-
ety, discomfort, and pain during painful procedures,
thus ensuring patient comfort and safety. The Ameri-
can College of Emergency Physicians (ACEP) defines
procedural sedation as “a technique of administering
sedatives or dissociative agents with or without anal-
gesics to induce a state that allows patients to tolerate
unpleasant procedures while maintaining cardiorespira-
tory function. PSA is intended to result in a depressed
level of consciousness that allows the patient to main-
tain oxygenation and airway control independently.”!?
Therefore, it is important that the medications that are
administered alleviate the pain of performing procedures
as well as preserve vital physiological functions.> Com-
mon procedures for which PSA is used in the ED include
orthopedic manipulations (closed reduction of fractures
or dislocations), laceration repairs, burn debridement
and wound care, chest tube insertions, and cardiover-
sions for arrhythmias.

Single drugs, or more often multiple drug combina-
tions, are used to achieve suitable levels of sedation, an-
algesia, and anxiolysis, and their application is guided
based on patient characteristics (age, comorbidities), type
of procedure, and safety considerations. Sedatives such
as short-acting benzodiazepines (midazolam), diazepam,
and propofol are often used along with opioid analgesics
(fentanyl, morphine and remifentanil), and dissociative
agents (ketamine) are commonly administered.*®> De-
spite careful consideration of patient characteristics prior
to the administration of medications for procedural seda-
tion, trained emergency medicine personnel, and policies
in place to monitor patients and report adverse events,
individual responses to procedural sedation drugs are vari-
able. Jones et al. have reported the occurrence of several re-
spiratory adverse events such as hypoxemia, over-sedation,
and apnea, which are related to age and comorbidities.®
Therefore, despite advances in monitoring and vigilance

protocols, and titration of drug/drug combinations, ad-
verse events are common and should be analyzed to deter-
mine the safety of different drugs and drug combinations.
Studies conducted to determine the safety and efficacy
of procedural sedation agents have been single-center ran-
domized controlled trials (RCTs), observational studies,
and most often studies with smaller sample sizes (<100 pa-
tients), making it difficult to draw conclusions on the safety
of these agents. Meta-analysis is necessary to synthesize
the data from various trials, thereby providing a more ro-
bust knowledge base regarding the safety of drugs and drug
combinations used for procedural sedation.

Objectives

The objective of this work is to synthesize and ana-
lyze the available literature and evaluate the efficacy and
safety of procedural sedation in adult patients in the ED,
with a focus on adverse effects of various drugs and drug
combinations.

Materials and methods
Search strategy

A systematic literature search was conducted of MED-
LINE (PubMed) and the Cochrane Register of Controlled
Trials (CENTRAL) in December 2024, covering the period
from 1990 to 2024. The following search terms were used
in various combinations: “procedural sedation”, “conscious
sedation”, “emergency department”, “hypoxia”, “adverse
events”, “midazolam”, “fentanyl”, “propofol”, “ketamine”,
“etomidate”, and “lidocaine”. Additionally, a comprehen-
sive list of search terms, including Medical Subject Head-
ings (MeSH) terms, was applied. The titles and abstracts
of potentially relevant studies were scanned, and the full-
text versions of the appropriate articles were read. Addi-
tional studies were identified by cross-checking the refer-

ence lists of the relevant studies.
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Study selection

We included RCTs that included patients undergoing
different types of procedures and undergoing procedural
sedation and analgesia. Adult patients (=18 years) in the ED
given all types of medication for procedural sedation were
included in our analysis. Exclusion criteria included non-
randomized studies and prospective and retrospective
study designs.

Data extraction and quality assessment

Following identification of articles that met the in-
clusion criteria, data were extracted using a predefined
data extraction form that included the following items:
authors, year, study design, intervention (drug and drug
combinations), and type of procedure. Outcomes such
as procedural success and adverse events (hypoxia, hy-
potension, agitation, apnea, gastrointestinal (GI) dis-
turbances, and bradycardia or dysrhythmia) were ana-
lyzed. One reviewer checked the articles and extracted
the required information. The Cochrane Collaboration’s
risk of bias tool (RoB 2)” was used to assess the meth-
odological quality of the included studies. This tool in-
cludes the following criteria: randomization, allocation
concealment, blinding, and completeness of follow-up.
The risk of bias for each item was graded as high, low,
or unclear risk.

Quantitative data synthesis

Meta-analysis and statistical calculations were per-
formed using OpenMeta (Analyst) software (https://www.
cebm.brown.edu/openmeta) and a random-effects model
(DerSimonian—Laird) to calculate the pooled proportion
of patients experiencing various adverse effects and pro-
cedural success related to the use of procedural sedation
medications. The studies included in this single-arm meta-
analysis are comparable, as they all evaluate the safety
profile of [intervention name] in [patient population],
sharing similar study designs, population demographics,
and outcome measures. The data from different studies
were pooled together to provide pooled estimates for each
adverse event based on similarities such as adult patients,
ED procedures, and definition of outcomes. Heterogeneity
in the included studies was evaluated using the I? statis-
tic, with small heterogeneity for I? values <25%, moderate
heterogeneity for I values of 25-50%, and high hetero-
geneity for I? values >50%. Forest plots were constructed
and p < 0.05 was statistically significant. Publication bias
was assessed with Egger’s test and a funnel plot, in which
the log odds ratio (OR) for each study was plotted against
its standard error (SE) for the hypoxia outcome.

Results
Identification of studies

A total of 1,640 records were identified by database
searching, of which 549 were screened by title and ab-
stract. Duplicates and irrelevant records were removed
(n =375), and 174 RCTs were assessed for eligibility. How-
ever, 124 RCTs were excluded due to reasons such as in-
correct study design, inappropriate outcome, setting, and
population. The process of selection is shown in Fig. 1.

Number of records Number of additional
identified through records identified
database through other
searching sources (n=0)
(n=1,640)

I

{

Records after duplicates
removed (n = 549)

\

Number of records
screened (n = 549)

Number of records
excluded (n =375)

\

Number of full-text
articles excluded,
with reasons

=124
Y (=129
Number of full-text Incorrect study
articles assessed | design,
for eligibility | population,
(n=174) setting, outcome

\

Number of studies
included in
quantitative
synthesis
(meta-analysis)
(n=50)

Fig. 1. Flowchart for identification and inclusion of studies in the meta-
analysis according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)

Study characteristics

In total, 50 RCTs totaling 5,398 participants met the in-
clusion criteria for the meta-analysis. Ketamine, midazolam,
propofol, and fentanyl and their combinations were the most
frequently used medications for sedation, and some studies
also included the use of etomidate, lidocaine, and diaz-
epam. Most procedures for which procedural sedation and
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analgesia were used were fracture and dislocation reduc-
tions, and in some cases cardioversion and abscess inci-
sion and drainage. Table 1 shows the details of the various

drugs/drug combinations included in each study, along with
the procedures that were conducted in the ED for which
procedural sedation was used.8-58

Table 1. Characteristics of the included studies

Study reference Drug/drug combination 1 Drug/drug combination 2 col:r::l;?r::tzl;% 3 Procedure
Q::a?lerlazzg?:anejad el midazolam-ketamine midazolam—-fentanyl - fracture and dislocation reduction
Akhlaghi et al, 2019° midazolam haloperidol - fracture and dislocation reduction
Amini et al, 2018'° nfiegatjgli'/alr;grlfe?::::;e propofol-fentany! = limb and soft tissue injury
Andolfatto et al,, 2012 propofol-ketamine propofol - fracture and El;srldoigaj/t;(?;orsduction, 18D,
Arhami et al,, 20182 dexmedetomidine—fentanyl midazolam-fentanyl - distal radial fracture reduction
Bahreini et al, 20203 sodium thiopental-fentanyl propofol-ketamine - fracture and dislocation reduction, chest

tube placement, lumbar puncture
Blaivas et al, 2011 etomidate - - dislocation reduction
Burton et al,, 2002"® etomidate midazolam - anterior shoulder dislocation reduction
Cevik etal, 2013'® midazolam-ketamine midazolam-fentanyl - extremity injury closed reduction
Chan and Ho, 2008 midazolam etomidate - fracture and dislocation reduction
Coll-Vinet et al., 2003'® etomidate propofol midazolam cardioversion
Deitch et al, 2010 propofol - - fracture and joint reduction
Deitch et al, 2011%° propofol + high-flow oxygen propofol + compressed air - fracture and joint reduction
Dolatabandi et al, 2018?' | midazolam-fentanyl-placebo = midazolam-fentanyl-lidocaine - shoulder dislocation reduction
Dunn et al, 2010% morphine-midazolam remifentanil-propofol - shoulder dislocation reduction
Fathi et al, 20142 midazolam—fentanyl - - distal radial fracture reduction
Ferguson et al, 2016%* propofol-ketamine propofol - fracture azgré?g:/teiiftlon’ KD,
Genzlinger et al, 2012% etomidate ketamine - dislocation reduction
Gharavifard et al,, 2016%° midazolam-fentanyl remifentanil - anterior shoulder dislocation reduction
Hatamabadi et al,, 2015% propofol midazolam - anterior shoulder dislocation reduction
Holger et al,, 2005% midazolam propofol - orthopedic reductions, I&D
Hunt et al,, 2005% etomidate midazolam - fracture and joint reduction
Jamal et al,, 201130 midazolam-fentanyl ketamine - fracture and dislocation reduction
Kasmaee et al,, 2019° remifentanil propofol-fentanyl - anterior shoulder dislocation reduction
Lemoel et al, 201732 propofol-ketamine ketamine - fracture and dislocation reduction
Mahshidfar et al., 20113 midazolam-fentany! - - anterior shoulder dislocation reduction
Massaeli et al,, 202234 ketamine propofol-ketamine agﬁggf anterior shoulder dislocation reduction
Messenger et al., 2008% ketamine fentany! - fracture and dislocation reduction, I&D
Miner et al., 20033 propofol remifentanil - fracture and dislocation reduction
Miner et al.,, 2005% etomidate propofol - ffacrtclijiroevzrs?oﬂss,l?Szteiopqarcegniztgis’
Miner et al., 20073 etomidate propofol - cgrrijcitolj/frjigiS?Lﬂzceagllzzgrideunigf)lgb
Miner et al., 2009* propofol propofol-alfentanil - czrrijci;uvr:rsai2:sc,j‘tﬂgceaglzzgrendeuncttsﬁgb
Miner et al,, 20104 propofol ketamine - cefarsjciglj/fr;zisijitﬂgzaglcz::erswdeuncttsi,olgb
Miner et al, 2013 propofol propofol-alfentanil - fracture and dislocation reduction
Miner et al,, 20174 propofol alfentanil - fracture and dislocation reduction, 1&D
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Table 1. Characteristics of the included studies — cont.

Drug/drug

combination 3 Rl

Study reference

Drug/drug combination 1

Drug/drug combination 2

Nashibi et al, 20174
Nejati et al, 20114
Ozturk et al., 20144
Parlak et al.,, 2006*
Phillips et al., 2010
Salen et al,, 2016%

Sawas et al,, 2013°°

Sener et al, 2011°!

Soysal et al,, 2004
Stronati et al,, 2020°

2020%*

Taylor et al,, 2005%
Tezel et al, 2004*°
Vahidi et al, 2018

Wright et al,, 19938

Tajoddini and Motaghi,

propofol-ketamine
midazolam—ketamine
propofol
propofol
propofol-ketamine

etomidate

propofol-ketamine

midazolam-ketamine
fentanyl
propofol
propofol-ketamine

propofol
ketamine

midazolam

midazolam

midazolam—fentanyl
midazolam-fentanyl
midazolam
midazolam
propofol

ketamine

propofol

ketamine
thiopental
midazolam
propofol-fentanyl

midazolam-fentanyl

thiopental

propofol

fracture reduction
fracture reduction, laceration repair
anterior shoulder dislocation reduction
cardioversion
fracture and joint dislocation reduction
joint dislocation reduction

fracture and dislocation reduction,
cardioversion, I&D, burn debridement,
tube placement

fracture and dislocation reduction,
burn wound care, I&D, laceration repair,
lumbar puncture

fracture and dislocation reduction

cardioversion
joint reduction, chest tube placement

anterior shoulder dislocation reduction
shoulder dislocation reduction
shoulder dislocation reduction

fracture and joint reduction, burn
debridement, tube insertion, lumbar
puncture, suturing, and soft tissue repair

I&D — incision and drainage; Gl — gastrointestinal; RCT — randomized controlled trial; ED — emergency department.

Characteristics of participants

All participants in the studies were >18 years of age and
were trauma patients admitted to the ED for various reasons,
of which orthopedic manipulations and abscess incision
and drainage procedures were the most common. To be in-
cluded in the analysis, all procedures were required to be
performed by emergency physicians and personnel in the ED

Fig. 2. Risk of bias summary for studies included in the meta-analysis

and drugs or drug combinations for sedation were admin-
istered parenterally.

Bias assessment
The results of the risk of bias evaluation are shown

in Fig. 2. It was seen that the risk was low to unclear across
most fields but a relatively high risk (>20%) was observed



Fig. 3. Funnel plot to assess publication bias in meta-analysis (hypoxia
outcome)

in the categories of blinding of personnel, participants, and
outcome assessment. Difficulties in completely masking
the medication administered, and side effects associated
with the use of certain drugs that physicians and other
healthcare personnel involved in the ED are well-versed
in, make it difficult to perform blinding.

The funnel plot was not symmetrical (Fig. 3) for the hy-
poxia outcome for the use of different drugs and drug
combinations, indicating the risk of publication bias.

Meta-analysis results

A total of 50 RCTs comprising 5,398 patients were in-
cluded in the meta-analysis. The studies spanned from
1993 to 2022, with sample sizes ranging from 20 to 591.
The studies evaluated the effects of procedural sedation
in adult populations undergoing orthopedic manipulations,
cardioversions, abscess incision, drainage procedures, and
chest tube placements. Various drugs were used as a single
entity such as midazolam (n = 10), propofol (n = 18), ket-
amine (n = 5), etomidate (n = 9), fentanyl (n = 2), alfentanil
(n = 10), methohexital (n = 1), remifentanil (n = 3), meperi-
dine (n = 1), thiopental (n = 2), and diazepam (n = 1). Drug
combinations that were used included propofol—fentanyl
(n =4), midazolam—ketamine (n = 5), midazolam—fentanyl
(n = 12), propofol-ketamine (n = 11), propofol—alfentanil
(n = 2), and remifentanil-propofol (n = 1).

The most reported adverse events that were included
in the studies and that were analyzed to determine
the pooled proportion (Table 2) are discussed below.

Hypoxia: Of the included studies, 30 reported hypoxia
as an adverse outcome. The incidence of hypoxia was
136 per 100 events (95% confidence interval (95% CI):
112-160). Patients receiving midazolam and fentanyl and
their combinations showed the highest incidence of hy-
poxia. The high I? value of 91.31% was caused by pool-
ing of studies with different drugs/drug combinations
and procedures for which sedation was used, along with
heterogeneous patient populations in terms of age and

Z.Qu et al. Procedural sedation and ED

previous medications received (Fig. 4A). The funnel plot
(Fig. 4B) exhibited pronounced symmetry across various
control treatments, indicating a minimal risk of publica-
tion bias. This observation was further validated using
Egger’s test, which yielded statistically insignificant p-
values (p = 0.217 > 0.05).

Hypotension: This adverse effect was reported in 21 stud-
ies, and its incidence was 23 per 1,000 sedations (95% CI:
15-31). Propofol and its combinations were associated with
the highest incidence of hypotension events, and moderate
heterogeneity of 50.18% was associated with heterogeneous
patient characteristics, drug/drug combinations, and pro-
cedures (Fig. 5A). The funnel plot (Fig. 5B) displayed no-
table symmetry across different control treatments, sug-
gesting a low likelihood of publication bias. This finding
was corroborated with Egger’s test, which produced a non-
significant p-value (p = 0.178), exceeding the conventional
significance threshold of 0.05.

Agitation: This adverse outcome was seen in 18 stud-
ies and had an incidence of 143 events per 1,000 seda-
tions (95% CI: 110-177). Patients receiving propofol and
propofol-ketamine were seen to report high incidences
of agitation, and the heterogeneity was high at 96.41% due
to pooling of different studies (Fig. 6A). The funnel plot
(Fig. 6B) showed symmetry, indicating minimal publica-
tion bias risk, confirmed using Egger’s test, which yielded
a nonsignificant p-value (p = 0.135 > 0.05).

Apnea: 24 studies reported apnea as an adverse out-
come with an incidence of 51 per 1,000 sedations (95% CI:
38—64). Midazolam administration was related to a rela-
tively high incidence of apnea, and a high heterogeneity
of 70.68% was also seen as studies with different drugs were
pooled together (Fig. 7A). The funnel plot (Fig. 7B) revealed
a symmetrical pattern across various control treatments,
implying a low risk of publication bias. Egger’s test rein-
forced this conclusion, yielding p = 0.165, which falls above
the standard significance level of 0.05.

Gastrointestinal disturbances: Nausea and vomiting
were the most reported GI disturbances in 19 studies.
The pooled incidence was 45 events per 1,000 sedations
(95% CI: 30—60). The highest incidence of GI disturbances
was seen in patients receiving ketamine, and a high het-
erogeneity of 67.73% was attributed to combining differing
studies (Fig. 8A). The symmetry observed in the funnel
plot (Fig. 8B) suggests that publication bias is unlikely
to be a significant concern. This assessment was supported
by Egger’s test, which returned a p = 0.298, indicating no
statistically significant evidence of bias.

Cardiovascular disturbances: Bradycardia and dysrhyth-
mias were reported in 11 studies in the meta-analysis, with
an incidence of 30 per 1,000 sedations (95% CI: 19-41).
Propofol and propofol combinations and midazolam
caused cardiovascular symptoms. Moderate heterogeneity
of 31.38% indicated some homogeneity between the studies
chosen (Fig. 9A). The funnel plot (Fig. 9B) demonstrated
symmetry, indicating a low risk of publication bias.
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Table 2. Adverse events in the included studies

Gastrointestinal (Gl) Bradycardia/
disturbances dysrhythmia

Study reference ‘ Hypoxia Hypotension Agitation ‘ Apnea

Abdolrazaghnejad and Banaie, 20178 v v v

Akhlaghi et al, 2019° v v v v

Amini et al, 2018'° v

Andolfatto et al, 2012 v v v

Arhami et al,, 20182 v
Bahreini et al,, 2020"3
Blaivas et al, 2011
Burton et al,, 2002
Cevik et al,, 20136
Chan and Ho, 20087 v v
Coll-Vinet et al., 20038
Deitch et al, 2010"
Deitch et al, 2011%°
Dolatabandi et al,, 2018
Fathi et al, 201423 v

NI NIEN NIENIENIEN
I§

\
Y
<
ANIEN
\
\

Ferguson et al,, 2016%*
Gharavifard et al, 20162 v v

Hatamabadi et al., 20157 v v
Holger et al., 2005%8 v

Hunt et al., 2005% v v v
Jamal et al,, 201130 v

Kasmaee et al, 20197 v
Lemoel et al., 201732
Mahshidfar et al,, 201133
Massaeli et al., 202234

<

<

ANIEN <
<
NIENIRNEN

<

\

Messenger et al,, 2008%
Miner et al.,, 20033¢
Miner et al, 20057
Miner et al,, 200738
Miner et al,, 2009%°
Miner et al, 2010%
Miner et al, 20134
Miner et al.,, 201542
Nashibi et al,, 20174
Nejati et al, 20114

NN NENIEN
NIENIENIEN
<

S S
<

Ozturk et al., 2014%
Parlak et al., 2006%/
Salen et al,, 2016%

Sawas et al.,, 20130

NENENENENEY

NENENENENIEN

Seneretal, 2011°!

Soysal et al,, 2004

Stronati et al,, 2020%3
Tajoddini and Motaghi, 2020%*
Taylor et al,, 2005% v
Tezel et al,, 2004°° v v

Vahidi et al,, 2018% v
Wright et al,, 19938 v v

<
NIEENIEN
<
\

DN NN




Fig. 4. Hypoxia outcomes in patients undergoing
procedural sedation with various drugs/drug
combinations. A. Forest plot of the pooled
incidence: proportions and 95% confidence intervals
(95% Cls); B. Funnel plot for publication bias
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Fig. 5. Hypotension outcomes in patients undergoing procedural sedation with various drugs/drug combinations. A. Forest plot of the pooled incidence:
proportions and 95% confidence intervals (95% Cls); B. Funnel plot for publication bias
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Fig. 6. Agitation outcomes in patients undergoing procedural sedation with various drugs/drug combinations. A. Forest plot of the pooled incidence:
proportions and 95% confidence intervals (95% Cls); B. Funnel plot for publication bias

The results of Egger’s test (p = 0.251) further substanti-
ated this finding, suggesting that the observed effects are
unlikely to be influenced by publication bias.

Procedural success: The outcome of procedural success,
which can be related to the efficacy of the medications,

had a pooled incidence of 921 events per 1,000 seda-
tions (95% CI: 896-946), with only midazolam, fentanyl,
and nitrous oxide (Entonox) showing a lower success
rate than the pooled incidence estimate (Fig. 10A).
The symmetrical shape of the funnel plot (Fig. 10B)
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Fig. 7. Apnea outcomes in patients undergoing procedural sedation with various drugs/drug combinations. A. Forest plot of the pooled incidence:
proportions and 95% confidence intervals (95% Cls); B. Funnel plot for publication bias

n
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Fig. 8. Gastrointestinal disturbances (nausea, vomiting) outcomes in patients undergoing procedural sedation with various drugs/drug combinations.
A. Forest plot of the pooled incidence: proportions and 95% confidence intervals (95% Cls); B. Funnel plot for publication bias

provides evidence against publication bias. This con-
clusion is reinforced by the nonsignificant result of Eg-
ger’s test (p = 0.178), which suggests that the results
are robust and unbiased. The p-value for the pooled
incidences of all adverse events and procedural success
was <0.001, indicating statistically significant pooled

incidence estimates for all outcomes (except cardiac dis-
turbances; p = 0.081). Table 3 summarizes the results
of the meta-analysis across all outcomes. Supplemen-
tary Table 1 demonstrates that the studies incorporated
in the meta-analysis included the effect size (incidence
rate) of the outcomes.
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Fig. 9. Cardiac disturbances (bradycardia/dysrhythmia) outcomes in patients undergoing procedural sedation with various drugs/drug combinations.
A. Forest plot of the pooled incidence: proportions and 95% confidence intervals (95% Cls); B. Funnel plot for publication bias

Table 3. Incidence of adverse events from meta-analysis of included studies

Events/sedation

Adverse event

Hypoxia 454/3303
Hypotension 100/2662
Agitation 383/2621
Apnea 204/2836
Gl disturbances 126/1673
Bradycardia/dysrhythmia 62/1398

Estimate/1000 95% Cl 12 (%)
136 112-160 91.31
23 15-31 50.18
143 110-177 96.41
51 38-64 70.68
45 30-60 67.73
30 19-41 3138

95% Cl — 95% confidence interval; Gl — gastrointestinal.

Discussion

This meta-analysis provides a comprehensive and up-to-
date review of the adverse outcomes associated with the use
of several drugs and drug combinations administered for

procedural sedation in the ED. Most of the procedures in-
cluded in the analysis were orthopedic manipulations, mainly
fracture and joint dislocation reductions. We included 40 ran-
domized controlled trials comparing different drugs, all
of which were administered by trained emergency medicine
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Fig. 10. Procedural success outcomes in patients undergoing procedural sedation with various drugs/drug combinations. A. Forest plot of the pooled
incidence: proportions and 95% confidence intervals (95% Cls); B. Funnel plot for publication bias

physicians in ED. Since this meta-analysis aimed to determine the application of a random-effects model to account for dif-
the pooled incidence of adverse events in patients receiving ferences in studies regarding patient characteristics, settings,
different drugs, a single-arm meta-analysis was used with and interventions.
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The administration of procedural sedation involves
a delicate balance of the benefit-risk profile, as analgesics
and sedatives are meant to ease procedural comfort but
can cause respiratory side effects such as hypoxia and hy-
poxemia, apnea, hypoventilation, and more serious side ef-
fects such as airway obstructions and laryngospasm. Thus,
individual patient characteristics need to be considered
heavily prior to deciding on a choice of any drug or drug
combination to induce sedation. In line with previous
meta-analyses, the incidence of respiratory adverse out-
comes such as apnea and hypoxia was relatively frequent,
with propofol, midazolam and their combinations with
fentanyl showing higher incidences of these side effects.
Respiratory depression is due to their action on gamma-
aminobutyric acid (GABA) receptors, leading to inhibi-
tory neurotransmission.” Although ketamine is expected
to be a relatively safe option for minimizing the incidence
of respiratory events, our study showed mixed results, with
ketamine and its combinations with other drugs caus-
ing a low incidence of hypoxia and apnea in some cases,
whereas propofol-ketamine combinations caused a higher
incidence than the pooled effect size.

Hypotension and bradycardia are the most common
cardiovascular disturbances observed during procedural
sedation, and their occurrence is dependent on patient
factors such as pre-existing cardiovascular diseases,
elderly patients, diabetic neuropathy, and dehydration.
Etomidate, midazolam and midazolam—-opioid combi-
nations are considered, as they have a neutral cardio-
vascular profile with minimal hemodynamic effects.
These agents and their combinations were associated
with a low incidence of hypotension and bradycardia/
dysrhythmia in our study. In contrast, propofol was as-
sociated with a high risk of cardiovascular adverse ef-
fects caused by its cardiac depressant activity that leads
to a decrease in cardiac output and arterial pressure.5%6!
To overcome the negative effects of propofol on cardio-
vascular outcomes, combinations of ketamine—propofol,
known as ‘ketofol’, are commonly used. This combination
includes the analgesic effect of ketamine and the sedative
effect of propofol, and the drugs balance each other out
in terms of each one’s adverse effects, thereby resulting
in a better safety profile. A RCT has shown that ketofol
has better hemodynamic stability than propofol during
the first 30 min of general anesthesia.®? Similarly, our
meta-analysis also showed that the incidences of hypoten-
sion were higher than the pooled incidence of this adverse
outcome in patients receiving propofol alone compared
to the ketofol combination.

Gastrointestinal side effects such as nausea and vomiting
are commonly associated with procedural sedation agents
such as ketamine and opioids such as fentanyl. However,
ketofol and combinations of opioids with propofol or mid-
azolam resulted in fewer GI disturbances. Neurological
adverse events caused by procedural sedation include
dizziness, confusion, seizures, and agitation. Ketamine
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and its combinations were seen to cause high incidences
of agitation in our meta-analysis, which is in line with
previous studies.®

Procedural success rates were high in our study with
all sedation agents irrespective of the adverse outcomes
in each trial, highlighting the importance of procedural
sedation in emergency procedures. Other meta-analyses
on adverse outcomes associated with procedural sedation
have included similar events as our study, such as agita-
tion, bradycardia, hypotension, hypoxia, intubation, and
aspiration, and concluded that these events were relatively
rare and PSA could be used safely.®*

Through this meta-analysis, it is clear that the choice
of drug that is used for procedural sedation should be
dictated by specific clinical scenarios and patient needs.
It is important to consider comorbidities, use continu-
ous monitoring and vigilance strategies to prevent seri-
ous adverse outcomes, and have emergency equipment,
medications and resuscitation agents available in case
of respiratory distress. Furthermore, recovery times are
also a crucial factor that should be taken into account when
using a particular agent for specific patient populations
and procedure types.

Limitations

Although our meta-analysis includes the most recent
trials and information on procedural sedation, it is not
without certain limitations. We included all studies that
had the adverse event outcomes that we had defined
a priori in our study, regardless of the sample size and
bias. Additionally, we did not perform subgroup analyses
as per the procedure and drug type or combination due
to the limited amount of data for each, which may not have
been statistically robust. However, pooling data across all
studies resulted in high statistical heterogeneity, which
was seen in our study. Adverse outcomes such as agitation,
hypotension, and hypoxia were not consistently defined
across all the studies, which also could contribute to het-
erogeneity. Since some studies included only a few patients
(<50) in most cases, the confidence intervals were wide, de-
creasing the confidence in the results. Small single-center
studies and publication bias could have also influenced
the quality and reliability of the data.

To allow for the use of data on procedural sedation agents
in emergency medicine scenarios, it is necessary to have
results available from larger, multicenter RCTs with a stan-
dardized definition of adverse events.

Conclusions

This paper provides a current meta-analysis on trials us-
ing procedural sedation agents in the ED and the adverse
outcomes and efficacy associated with the use of these
agents. Meta-analysis results for each adverse event show
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that certain agents are safer than others in specific patients
and procedures. Whilst midazolam and ketofol adminis-
tration cause fewer cardiovascular events, ketamine was
associated with a high incidence of agitation, and propofol
caused respiratory depression and a high incidence of hy-
potension. Thus, tailoring the choice of the sedative and
analgesic agent to patient needs is of prime importance and
must be guided by data from clinical trials, and should not
be a one-size-fits-all approach.
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