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Background: Safe and effective tranquilization of the acutely agitated patient is challenging, and head-to-head
comparisons ofmedications are limited.We aimed to identify themost optimal agent(s) for rapid tranquilization
of the severely agitated patient in the emergency department (ED).
Methods: The protocol for systematic review was registered (PROSPERO; CRD42020212534). We searched
MEDLINE, Embase, PsycINFO, and Cochrane Database/CENTRAL from inception to June 2, 2021. We limited
studies to randomized controlled trials that enrolled adult ED patients with severe agitation and compared
drugs for rapid tranquilization. Predetermined outcomes were: 1) Adequate sedation within 30 min (effective-
ness), 2) Immediate, serious adverse event – cardiac arrest, ventricular tachydysrhythmia, endotracheal
intubation, laryngospasm, hypoxemia, hypotension (safety), and 3) Time to adequate sedation (effect onset).
We extracted data according to PRISMA-NMA and appraised trials using Cochrane RoB 2 tool. We performed
Bayesian network meta-analysis (NMA) using a Markov Chain Monte Carlo method with random-effects
model and vague prior distribution to calculate odds ratioswith 95% credible intervals for dichotomous outcomes
and frequentist NMA to calculate mean differences with 95% confidence intervals for continuous outcomes. We
assessed confidence in results using CINeMA. We used surface under the cumulative ranking (SUCRA) curves to
rank agent(s) for each outcome.
Results: Eleven studies provided data for effectiveness (1142 patients) and safety (1147 patients). Data was
insufficient for effect onset. The NMA found that ketamine (SUCRA = 93.0%) is most likely to have superior
effectiveness; droperidol-midazolam (SUCRA = 78.8%) is most likely to be safest. There are concerns with
study quality and imprecision. Quality of the point estimates varied for effectiveness but mostly rated “very
low” for safety.
Conclusions: Available evidence suggests that ketamine and droperidol have intermediate effectiveness for rapid
tranquilization of the severely agitated patient in the ED. There is insufficient evidence to definitively determine
which agent(s) may be safest or fastest-acting. Further, direct-comparison study of ketamine and droperidol is
recommended.

© 2021 Elsevier Inc. All rights reserved.
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1. Introduction

Safe and rapid tranquilization of the acutely agitated patient is one of
the most challenging tasks in the emergency department (ED) [1-3]. A
large number of pharmacological agents have been used to sedate pa-
tients alone or in combination including the first- and second-
generation antipsychotic and benzodiazepine tranquilizers [1-3]. More
recently, the dissociative agent ketamine has also been studied, espe-
cially in patients with “excited delirium syndrome” [4,5]. Unfortunately,
high-quality, randomized controlled trials have been limited due to the
challenge of obtaining consent from these agitated, vulnerable patients
whooften lack capacity to givemeaningful, informed consent. This issue
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has been highlighted by Klein et al. [6] and the accompanying editorial
[7] and letter [8]. One proposed solution is to obtain consent from ED
patients during a prior visit ("pre-consent") who are likely to present
at a later time with acute agitation [9]. Further discussion with regula-
tory agencies (such as the Food and Drug Administration)will be neces-
sary to address the issue of exceptions from informed consent in
patients who present with non-life-threatening conditions and without
capacity, especially when evaluating commonly-used drugs that are
considered safe.

A broad range of medical, toxicologic, and mental conditions can
cause acute agitation. Early identification and correction of the underly-
ing etiology is paramount, but acute agitation requires rapid control to
prevent further harm to the patient and injury to staff. Multiple ran-
domized controlled trials (RCT) and traditional meta-analyses have
compared numerous sedative agents alone or in combination [10-12].
However, due to the large variety of agents, doses, and routes of admin-
istration, head-to-head comparison of all these agents has not been pos-
sible. Thus, clinicians are unsure of which agent(s) are most effective
and safe to use when managing the acutely agitated patient. Network
meta-analysis (NMA) is a technique for comparing multiple interven-
tions simultaneously in a single analysis by combining direct and indi-
rect evidence within a network of RCT data [13]. A major advantage of
a NMA is that it allows the ranking of interventions based upon the
probability that one is more effective than the rest. We are unaware of
any published NMA comparing various pharmacological agents in
adult patients who present to an ED and require rapid tranquilization.

We conducted a NMA of drug treatments used to achieve rapid
tranquilization of acutely agitated, adult patients presenting to an ED
to compare and rank them by effectiveness, safety, and effect onset. It
is our hope that this study will better inform emergency clinicians in
selecting an optimal agent(s) for management of the patient with
acute, severe agitation.

2. Methods

2.1. Study design

The protocol for the systematic review was registered (CRD420
20212534) in the International Prospective Register of Systematic
Reviews (PROSPERO). We performed our systematic review and NMA
of RCTs according to the Preferred Reporting Items for Systematic Re-
views and Network Meta-Analysis statement (PRISMA-NMA) [14].
The completed PRISMA-NMA checklist is Supplementary Material A.

2.2. Eligibility criteria

We limited studies to RCTs and used a “PICOS” (Patients, Interven-
tion, Comparison, Outcome, Setting) method to determine eligibility of
studies for inclusion. We excluded observational studies, case series,
case reports, and animal studies, as the analysis of non-randomized
data would significantly limit the quality of the NMA results.

Patients: Adults ages 18 years and older presenting to an EDwith ag-
itation severe enough to require parenteral tranquilization as deter-
mined by treating physician.

Intervention: Single or combination of parenteral, sedative agents.
Comparison: Placebo or any other parenteral, sedative agent(s).
Outcomes: 1) Adequate sedation as defined by the individual trials

within 30 min (effectiveness), 2) Immediate, serious adverse event –
cardiac arrest, ventricular tachydysrhythmia, endotracheal intubation,
laryngospasm, hypoxemia, or hypotension (safety), 3) Time from drug
administration to adequate sedation as defined by the individual trials
(effect onset).

Setting: General ED.
We selected studies that reported level of sedation assessments be-

tween five and 30 min after drug administration, a time frame suitable

for rapid tranquilization in the ED. Differenceswere resolved by consen-
sus, and all authors agreed upon the final group of included articles.

2.3. Data sources and search strategy

In conjunction with a librarian (J.K.), we searched MEDLINE
(through PubMed), Embase, PsycINFO, and Cochrane Database of
Systematic Reviews and CENTRAL to identify relevant studies published
from inception to June 2, 2021. We supplemented our search using the
snowballing method by manually reviewing the bibliographies of in-
cluded studies and relevant reviews. The search strategy is presented
in Supplementary Material B.

2.4. Study selection

Three authors (I.S.d., R.A., A.J.S.) independently reviewed titles and
abstracts from the combined database search and selected articles for
full-text review based upon pre-specified eligibility. The same authors
then independently reviewed the full-texts and came to consensus on
the final group of included articles. Agitation due to acute psychosis
may respond differently to rapid tranquillization drugs than agitation
related to medical illness or intoxication. Further, psychiatric and gen-
eral EDs have access to different treatments andmonitoring [15]; there-
fore, we decided to exclude trials that enrolled patients from a
psychiatric ED.We also excluded pre-hospital studies and trials that ex-
amined only intravenous drugs. Establishing peripheral venous access
in patients who present to the EDwith severe agitation is often imprac-
tical, and cliniciansmust often administer tranquilizing drugs intramus-
cularly. The NMA of data from studies of intramuscular drugs/drug
combinations in general ED settings only will maximize the plausibility
of transitivity. The assumption of transitivity is fundamental to the va-
lidity of NMA [13].

2.5. Data extraction

Using a structured data form, three authors (I.S.d., P.S., R.A.) inde-
pendently extracted from all included studies the type of population,
number of participants, age, sex, sedation agent(s), control agent(s),
sedation score outcomes, serious adverse events (cardiac arrest,
ventricular tachydysrhythmia, endotracheal intubation, laryngospasm,
hypoxemia, hypotension), and times to adequate sedation. Data collec-
tion also incorporated study design, methodology, primary diagnosis,
drug dosing, and route of drug administration. When studies examined
both intravenous and intramuscular drugs, we contacted the corre-
sponding authors to obtain separate data from patients who received
intramuscular medications only. For the outcome of adequate sedation
within 30 min, we extracted data at 30 min after drug administration.
If assessment was only reported prior to 30 min, we extracted data at
the time point closest to 30 min. If the trial reported the use of rescue
drug or additional dose within 30 min, we recorded that event as treat-
ment failure and extracted data at that time point.We extracted data for
immediate, serious adverse events and time to adequate sedation over
the period determined by each study. Any study that did not report
any of our prespecified adverse events or stated the equivalent of
“there were no adverse events” without further elaboration were ex-
cluded fromNMA for the safety outcome. It is possible thatwe extracted
more than one adverse event per subject.We extractedmeans and stan-
dard deviations andmedians and interquartile ranges for the time to ad-
equate sedation outcome. For all outcomes, we estimated the effect of
assignment to intervention by an intention-to-treat analysis that in-
cluded all randomized participants. For the dichotomous effectiveness
outcome, we assumed that participants with missing outcome data
were treatment failures; for the safety outcome, we assumed that pa-
tients with missing data did not develop an immediate, serious adverse
event.When data were unavailable or unclear in the original papers, we
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contacted the corresponding authors for complete data and clarifica-
tion. We resolved any discrepancies by discussion and consensus.

2.6. Geometry of the networks

We analyzed data from published randomized trials performed in
ED patients with agitation. In the evidence networks of interventions
for each outcome, each drug/drug combination is represented by a
node and randomized comparisons between drug/drug combina-
tions are shown by links between the nodes. After completing the
study selection process, we realized that the networks would be
derived from a limited number of studies and incorporate nodes
(treatments) with varying connectedness (direct evidence) and
magnitude (pooled sample size). We expected this to limit the
strength of the analyses. Networks with fewer direct connections
will depend greatly on indirect evidence. The analysis of such sparse
networks may be less reliable than analyses of networks with more
connectedness (greater quantity of direct evidence) and and larger
nodes (greater pooled sample sizes).

2.7. Risk of bias within individual studies

Two investigators (P.S., R.A.) independently assessed the risk of bias
within all included studies at each outcome level using Version 2 of the
Cochrane tool for assessing risk of bias in randomized trials (RoB 2) [16].
The risk of bias tool covers five domains: bias arising from the random-
ization process, bias due to deviations from intended interventions, bias
due to missing outcome data, bias in measurement of the outcome, and
bias in selection of the reported result. The same authors recorded
supporting information and justifications for judgments of risk of bias
(low, high, some concerns) for each domain. Any discrepancies in judg-
ments of risk of bias or justifications for judgments were resolved by
discussion to reach consensus between the two review authorswith ad-
judication by a third author (I.S.d. or A.J.S.), if necessary. The risk of bias
judgmentswere factored into the confidence assessment of theNMAre-
sults for each outcome. For each outcome, we present figures that illus-
trate the risk of bias for each domain within the included, individual
studies and summarize the risk of bias for each domain as proportions
of data within the network.

2.8. Summary measures

We report pairwise comparisons (NMA estimates) for dichotomous
outcomes using a league table with each comparison presented as an
odds ratio (OR)with a 95% credible interval (CrI). We planned to report
NMA estimates for the continuous outcome using a league table with
each pairwise comparison presented as a mean difference with 95%
confidence interval (CI).We present the results of probabilistic analyses
using the Surface Under the Cumulative Ranking Curve (SUCRA), a nu-
meric presentation of the overall ranking based upon the probability
that a treatmentwas superior for the outcome of interest. We also pres-
ent the cumulative rankograms that underlie the SUCRA. Further expla-
nation of “Network Meta-Analysis Concepts” is presented in
Supplementary Material B.

2.9. Data analysis

We performed Bayesian analysis for the dichotomous outcomes (ef-
fectiveness and safety) usingWinBUGS (version 1.4.3;MRCBiostatistics
Unit, Cambridge, UK) [17] and NetMetaXL 1.6.1 (Canadian Agency for
Drugs and Technologies in Health, Ottawa, Canada) [18]. The current
version [18] of NetMetaXL is only applicable for dichotomous outcomes.
Therefore, we planned to perform frequentist analysis for the continu-
ous outcome (effect onset) using Stata [19]. “Additional Details of Data
Analysis” is in Supplementary Material B.

We conducted a quality assessment of the NMA treatment effect es-
timates using the Confidence in Network Meta-analysis (CINeMA)
framework [20] and web application [21]. The CINeMA framework
[20] evaluates the credibility of the findings across the following
domains: within-study bias, across-studies bias, indirectness, impreci-
sion, heterogeneity, and incoherence. The CINeMA software [21] uses
packages, meta, netmeta, and R to calculate the contribution of studies
in NMA treatment effect estimates. We selected “average” risk of bias
and “average” indirectness when summarizing the risks of each across
the contributions for each network estimate.We substituted the assess-
ments of our NMA results for the domain of imprecision before summa-
rizing the judgments. Since all included studies were RCTs, we set the
initial confidence in each NMA estimate as “high” and then maintained
or downgraded the confidence to “moderate”, “low”, or “very low” after
assessment of the quality of evidence contributing to the individual
effect estimate.

3. Results

3.1. Study selection

The study selection process is presented in Fig. 1. The articles ex-
cluded by full text review are listed in SupplementaryMaterial B. Eleven
trials [22-32] including 27 study arms remained eligible after systematic
review. Ten intramuscular drug/drug combinations were available for
comparison, and haloperidol (6 trials) and midazolam (5 trials) were
most frequently investigated.

3.2. Summary of the network geometry

Eleven studies [22-32] that randomized 1142 patients among 11
drug treatments (including intravenous valproate) provided data for ef-
fectiveness. Eleven studies [22-32] that randomized 1147 patients
among 11 drug treatments (including intravenous valproate due to its
direct comparison with haloperidol in one trial [22]) provided data for
safety. Six studies [23-26,28,31] that randomized 559 patients among
seven drug treatments provided data for effect onset. The evidence net-
work configuration for the effectiveness and safety outcomes are pre-
sented in Fig. 2. Seventeen of 55 (31%) pairwise comparisons included

Fig. 1. Study selection process.
IV: intravenous; min: minutes; PO: oral; Psych: psychiatric.
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direct evidence, and there was some imbalance of evidence among the
treatments. The network for time to adequate sedation was too sparse
for meaningful analysis.

3.3. Study characteristics

For each of the data syntheses, there was variation among the trials,
particularly in their exclusion criteria, proportion of male subjects, and
primary etiology (psychiatric or intoxication). The selected studies
also varied in their definitions of adequate sedation and adverse events
and use of sedation scales. Dose of drug administration varied among
the treatment arms. The sedation scales used in the included studies
are detailed in SupplementaryMaterial B. The description of the eligible
studies is summarized in Table 1 and detailed in Table S1 (Supplemen-
tary Material C).

3.4. Risk of bias within individual studies

The assessment of risk of bias within each of the individual studies
for NMA at each outcome level are summarized in Figs. S1 and S2
(Supplementary Material D). For both the effectiveness and safety
outcomes, we rated 27% to be "low risk", 36% to be “high risk”,
and 36% to have “some concerns”. The answers to the tool's [16]
signaling questions and free text justification of the answers are in
Supplementary Material E.

3.5. Data synthesis

3.5.1. Adequate sedation within 30 min (effectiveness)
The NMA estimates of all pairwise comparisons for the effectiveness

outcome are in Table S2 (Supplementary Material C). The summary of
the risk of bias is illustrated in Fig. 3, and the network incoherence is
presented in Fig. 4. The quality of the NMA estimates varied from
“very low” to moderate”. The confidence ratings of the NMA estimates
are in Table S3 (Supplementary Material C). Probabilistic analysis indi-
cated that ketamine (SUCRA = 93.0%) has the highest likelihood of

being most effective for adequate sedation within 30 min. The probabi-
listic analysis is listed in Table 2, and its underlying cumulative
rankograms are presented in Fig. 5. The complete listing of unweighted,
pooled sedation rates is in Table S4 (Supplementary Material C). The
complete trial data (raw) for adequate sedationwithin 30min are in Ta-
ble S5 (Supplementary Material C).

3.5.2. Immediate, serious adverse event (safety)
The NMA estimates of all pairwise comparisons for the safety out-

come are in Table S4 (Supplementary Material C). The summary of the
risk of bias is illustrated in Fig. S3 (Supplementary Material D), and
the network incoherence is presented in Fig. S4 (Supplementary Mate-
rial D). The quality of theNMAestimateswas predominantly “very low”.
The confidence ratings of the NMA estimates are in Table S5 (Supple-
mentary Material C). Probabilistic analysis indicated that droperidol-
midazolam (SUCRA=78.8%) has the highest likelihood of being the saf-
est treatment. The probabilistic analysis is listed in Table 3, and its un-
derlying cumulative rankograms are presented in Fig. 6. The
unweighted, pooled immediate, serious adverse event rates for all
drug/drug combinations are listed in Table S8 (SupplementaryMaterial
C). The complete trial data (raw) for immediate, serious adverse events
are in the Table S9 (Supplementary Material C).

3.5.3. Time to adequate sedation (effect onset)
The data for time to adequate sedation was insufficient for

an informative NMA. The complete trial data (raw) for mean/
median times to adequate sedation are in Table S5 (Supplementary
Material C).

4. Discussion

Weperformed a systematic review andNMA to identify themost ef-
fective, safest, and fastest-acting pharmacologic agent(s) for rapid
tranquilization of the agitated patient in the ED. We apply the GRADE
(grading of recommendations assessment, development and evalua-
tion) approach using a minimally contextualized framework [33] and
GRADE guidelines 26 [34] to draw conclusions. The NMA found that ke-
tamine anddroperidol have intermediate effectiveness but could not re-
liably distinguish between any of the drug/drug combinations with
regards to safety. The final classifications of the ten intramuscular
drug treatments are in Table 4 (effectiveness) and Table 5 (safety).

Ketamine has been controversial in both the scientific literature
[35,36] and lay press [37] due to adverse events such as death and in-
creased intubation rates, particularly in the prehospital setting. How-
ever, the mortality associated with ketamine has generally been
attributed to the condition underlying the profound agitation [35,38],
and overzealous endotracheal intubation may have taken place due to
unfamiliarity with the ketamine-induced, dissociated state and antici-
pated clinical course [39]. A recent before-and-after study in Australasia
has since shown reduced rates of endotracheal intubation after intro-
duction of ketamine in the prehospital setting [40]. Droperidol had his-
torically been associated with torsades de pointes but has since
demonstrated minimal risk of malignant tachydysrhythmia and a low
overall adverse event rate in large, observational studies [41-44].

The final classification for safety is limited by almost exclusively very
low-quality NMA estimates. However, considering the individual effect
estimates and the certainty of their evidence [34], our NMA suggests
that midazolam may be less safe than both the droperidol-midazolam
combination and olanzapine. Themidazolam dose may be important in
this safety consideration. One trial [27] directly compared droperidol-
midazolam to midazolam alone, and its data contributed largely to
its favorable safety effect estimate of droperidol-midazolam compared
to midazolam; the midazolam dose in the droperidol-midazolam
combination arm was 50% (5 mg) of the dose in the midazolam arm
(10 mg). The finding that midazolam may be relatively less safe could
also be due to analysis of data from studies [24,27] that enrolled

Fig. 2.Network configuration of treatments (11 trials: n=1142 (effectiveness); n=1147
(safety)).
*Number of patients for the safety outcome.
The area of the circles is based upon the total number of patients for each treatment
among all trials. The thickness of the lines is based upon the total number of studies
directly comparing the two treatments. Haloperidol and midazolam are the most
connected and largest nodes (most direct comparisons and greatest pooled sample
sizes), so their treatment effect estimates would be expected to be least subject to bias
and most reliable. Haloperidol-lorazepam and haloperidol-midazolam are the least
connected and among the smaller nodes, so their treatment effect estimates would be
expected to be most prone to bias and less reliable.
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Table 1
Description of eligible, randomized controlled trials.

Study Patient characteristics Setting Treatment regimens Extracted outcomes

Asadollahi
et al.22

2015

-Sample size: 160
-Mean age ± SD:
43.0 ± 6.2 (arm 1)
44.6 ± 8.8 (arm 2)
-Male: 63.8%
-Psychiatric: 70.0%
-Intoxication: NR

Single-center -Arm 1: Normal saline 1 ml IM + Valproate 20 mg/kg
IV x 10 min
-Arm 2: Haloperidol 2–5 mg IM + normal saline
200 ml IV x 10 min

-Need for additional sedation at 30 min
(physician discretion)
-Adverse events

Barbic et al.23

2021
-Sample size: 79
-Median age (IQR):
37.5 (29.0–41.5) (arm 1)
33.5 (29.0–41.5) (arm 2)
-Male: 67.5%
-Psychiatric: NR
-Intoxication: NR

Single-center -Arm 1: Haloperidol 5 mg IM + Midazolam 5 mg IM
-Arm 2: Ketamine 5 mg/kg IM

-Need for additional sedation at 15 min
(physician discretion)
-Adverse events
-Time to adequate sedation

Chan et al.24

2021
-Sample size: 167
-Median age (IQR):
44 (34–54) (arm 1)
40 (30–54) (arm 2)
42 (33–55) (arm 3)
-Male: 57.5%
-Psychiatric: 82.6%
-Intoxication: 53.3%

Multicenter
(6 EDs)

-Arm 1: Midazolam 5 mg IM + Midazolam 5 mg IM x
1 prn
-Arm 2: Olanzapine 5 mg IM + Olanzapine 5 mg IM x
1 prn
-Arm 3: Haloperidol 5 mg IM + Haloperidol 5 mg IM
x 1 prn

-Sedation scale score ≤ 2 at 30 min
-Adverse events
-Time to adequate sedation

Esmailian
et al.25

2015

-Sample size: 48; consecutive
-Mean age ± SD:
44.8 ± 4.1 (arm 1)
45.5 ± 4.7 (arm 2)
-Male: 75.0%
-Psychiatric: 75.0%
-Intoxication: 4.2%

Single-center -Arm 1: Haloperidol 5 mg IM
-Arm 2: Midazolam 2.5–5 mg IM

-Restless score 1 at 10 min
-Adverse events
-Time to adequate sedation

Heydari
et al.26

2018

-Sample size: 90
-Mean age ± SD:
30.4 ± 7.4
-Male: 74.0%
-Psychiatric: 31.1%
-Intoxication: 54.4%

Multicenter
(2 EDs)

-Arm 1: Ketamine 4 mg/kg IM + Ketamine 2 mg/kg
IM prn + Midazolam 2.0–2.5 mg IV prn
-Arm 2: Haloperidol 5 mg IM + Haloperidol 2.5 mg
IM prn + Midazolam 2.0–2.5 mg IV prn

-AMSS ≤ +1 at 15 min
-Adverse events
-Time to adequate sedation

Isbister
et al.27

2010

-Sample size: 91
-Median age (IQR):
37 (25–45) (arm 1)
35 (27–43) (arm 2)
30 (22–40) (arm 3)
-Male: 49.5%
-Psychiatric: 5.5%
-Intoxication: 79.1%

Single-center -Arm 1: Droperidol 10 mg IM
-Arm 2: Midazolam 10 mg IM
-Arm 3: Droperidol 5 mg IM + Midazolam 5 mg IM

-Need for additional sedation at 10 min
(physician discretion)
-Adverse events

Lin et al.28

2020
-Sample size: 93 (83 IM, effectiveness
outcome; 87 IM, safety outcome)
-Median age (range):
39 (19–92)(sample)
37 (19–67) (arm 1)
45 (19–92) (arm 2)
-Male: 62.4%
-Psychiatric: 55.9%
-Intoxication: NR

Single-center -Arm 1: Ketamine 4 mg/kg IM (maximum 500 mg) or
1 mg/kg IV
-Arm 2: Haloperidol 5 mg or 10 mg IM or IV
+ Lorazepam 2 mg IM or IV

-RASS ≤ 0 at 15 min
-Adverse events
-Time to adequate sedation

Martel
et al.29

2005

-Sample size: 144; convenience (170 ITT)
-Mean age ± SD:
36.9 ± 10.9 (arm 1)
36.8 ± 10.8 (arm 2)
36.9 ± 10.9 (arm 3)
-Male: 68.1%
-Psychiatric: UTO
-Intoxication: UTO

Single-center -Arm 1: Droperidol 5 mg IM
-Arm 2: Ziprasidone 20 mg IM
-Arm 3: Midazolam 5 mg IM

-AMSS ≤ 0 at 30 min
-Adverse events

Martel
et al.30

2020

-Sample size: 115; convenience
-Median age (IQR):
40 (29–46) (sample)
39 (31–44) (arm 1)
40 (28–46) (arm 2)
41 (29–52) (arm 3)
39 (26–46) (arm 4)
-Male: 76.0%
-Psychiatric: UTO
-Intoxication: UTO

Single-center -Arm 1: Droperidol 5 mg IM
-Arm 2: Ziprasidone 10 mg IM
-Arm 3: Ziprasidone 20 mg IM
-Arm 4: Lorazepam 2 mg IM

-AMSS ≤ 0 at 30 min
-Adverse events

Nobay et al.31

2004
-Sample size: 111; convenience
-Mean age ± SD:
40.7 ± 13.0 (sample)
39.5 ± 12 (arm 1)

Single-center -Arm 1: Lorazepam 2 mg IM
-Arm 2: Midazolam 5 mg IM
-Arm 3: Haloperidol 5 mg IM

-Need for additional sedation at 20 min
(physician discretion)
-Adverse events
-Time to adequate sedation

(continued on next page)
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Table 1 (continued)

Study Patient characteristics Setting Treatment regimens Extracted outcomes

39.8 ± 10 (arm 2)
42.4 ± 16 (arm 3)
-Male: NR
-Psychiatric: UTO
-Intoxication: UTO

Thomas
et al.32

1992

-Sample size: 68
-Mean age ± SD:
31 ± 12.7 (Haloperidol IM)
31 ± 10.3
(Haloperidol IV)
34 ± 9.8
(Droperidol IM)
36 ± 16.7
(Droperidol IV)
-Male: 69.1%
-Psychiatric: NR
-Intoxication: NR

Single-center -Arm 1: Haloperidol 5 mg IM/IV + Haloperidol 5 mg
IM/IV prn
-Arm 2: Droperidol 5 mg IM/IV + Droperidol 5 mg
IM/IV prn

-Need for additional sedation at 30 min
(sedation scale score not defined)
-Adverse events

AMSS: Altered Mental Status Scale; ED: emergency department; IM: intramuscular; IV: intravenous; IQR: interquartile range; ITT: intention-to-treat; kg: kilogram; mg: milligram; min:
minutes; ml: milliliter; NR: not reported; prn: as needed; RASS: Richmond Agitation Sedation Scale; SD: standard deviation; UTO; unable to obtain.

Fig. 3. Summary of the risk of bias assessment of data included in network meta-
analysis for the outcome of adequate sedation within 30 min.

Fig. 4. Network incoherence between direct and indirect estimates for the outcome of adequate sedation within 30 min.
This is a plot of the individual data points' posterior mean deviance contributions for the consistency model (horizontal axis) and the unrelated mean effects model (vertical axis) along
with the line of equality. Incoherence (or inconsistency) is viewed as a statistical conflict between direct (traditional pairwise analysis) and indirect estimates and is visualized as data
points in the bottom right of the plot. The more the contributions to the deviance are similar and close to 1 for both models, the less evidence of incoherence there is in the network.

Table 2
Probabilistic analysis (SUCRA) for the outcome of adequate sedationwithin 30min (effec-
tiveness).

Rank Treatment SUCRA

1 Ketamine 0.9295
2 Droperidol 0.7670
3 Droperidol – Midazolam 0.7199
4 Haloperidol – Midazolam 0.6663
5 Midazolam 0.5680
6 Ziprasidone 0.4129
7 Valproate IV 0.3853
8 Haloperidol – Lorazepam 0.3271
9 Olanzapine 0.3069
10 Haloperidol 0.2354
11 Lorazepam 0.1817

IV: intravenous; SUCRA: surface under the cumulative ranking curve.
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significant proportions (53% [24] and 79% [27]) of subjects with concur-
rent drug and alcohol intoxication. A clinically important rate (24%) of
hypoxemia occurred among the group given amedian cumulativemid-
azolam dose of at least 10 mg [27] to achieve adequate sedation. These
patientsmay have suffered respiratory depression through the deleteri-
ous, cumulative effect of midazolam and alcohol in the central nervous
system [45]. Although insufficiently powered to detect a statistically sig-
nificant difference, Chan et al. [24] found similarly low rates (2% to 4%)
of hypoxemia among patients randomized to receive olanzapine,

haloperidol, andmidazolam; a large proportion (77%) in themidazolam
arm received only 5 mg. Additionally, a large, prospective observational
study [6] found very low hypoxemia rates (1% to 2%) and no differences
among similar proportions (82% to 90%) of alcohol-intoxicated patients
given olanzapine, haloperidol, ziprasidone, and midazolam at the 5 mg
dose. A hazardous interaction between alcohol and midazolam or
other benzodiazepines is described in guidelines [46-48] and other
traditional meta-analyses [10,11]. More specifically, the 2020 Project
BETA (Best Practices in the Evaluation and Treatment of Agitation) [3]
recommends against the use of benzodiazepine and instead prefers an
antipsychotic for agitation due to intoxication with central nervous
system depressants such as alcohol.

Our finding that ketamine could have intermediate effectiveness
supports the 2017 American College of Emergency Physicians Clinical
Policy [49] that offers a consensus recommendation for the use of intra-
venous or intramuscular ketamine for treatment of undifferentiated ag-
itation. Our NMA is also consistent with the 2015 American Academy of
Medicine (AAEM) Position Statement [50] which states that an intra-
muscular dose of droperidol as high as ten milligrams has similar safety
to other drugs for tranquilization of the agitated patient. Lastly, ourfind-
ings contradict the 2015 National Institute for Health and Care Excel-
lence Guideline [47] that recommends intramuscular lorazepam. Our
NMA found that lorazepam could be among the least effective agents
for tranquilization of the profoundly agitated patient in the ED.

Unfortunately, the agents most likely to be effective are not neces-
sarily those most likely to be safe. Thus, choice of a particular agent or
combination of agents is not always straightforward and must account

Fig. 5. Cumulative rankograms of treatments for the outcome of adequate sedation within 30 min.
IV: intravenous.
A cumulative rankogram presents on the vertical axis the probability for the treatment to assume each of the possible ranks that are presented on the horizontal axis. For example,
ketamine has 74% probability of being #1 and haloperidol has 28% probability of being #9. This ranking of treatments is somewhat uncertain as a number of treatments are
represented by rankograms with similar distributions and overlap of probabilities across the ranks.

Table 3
Probabilistic analysis (SUCRA) for the outcome of immediate, serious adverse event
(safety).

Rank Treatment SUCRA

1 Droperidol – Midazolam 0.7879
2 Droperidol 0.7411
3 Valproate IV 0.6821
4 Olanzapine 0.6697
5 Ziprasidone 0.5614
6 Haloperidol 0.4959
7 Lorazepam 0.4144
8 Midazolam 0.3977
9 Haloperidol – Lorazepam 0.3181
10 Haloperidol – Midazolam 0.3087
11 Ketamine 0.1230

IV: intravenous; SUCRA: surface under the cumulative ranking curve.
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for both effectiveness and safety, as well as availability. While often im-
practical, individualization of therapies should be considered whenever
possible. For example, in an agitated patient with alcohol or sedative-
hypnotic intoxication, higher doses of midazolam may not be the ideal
option.

5. Limitations

Our systematic review and NMA has limitations. First, we included
only RCTs so as to analyze data from studies of the highest quality pos-
sible and maximize the certainty of the evidence supporting the

Fig. 6. Cumulative rankograms of treatments for the outcome of immediate, serious adverse event.
IV: intravenous.
A cumulative rankogram presents on the vertical axis the probability for the treatment to assume each of the possible ranks that are presented on the horizontal axis. For example,
droperidol has 26% probability of being #3 and ketamine has 47% probability of being #11. This ranking of treatments is very uncertain as the majority of treatments are represented
by rankograms with similar distributions and overlap of probabilities across the ranks.

Table 4
Final classification of interventions based upon network meta-analysis of intramuscular tranquilizing drugs for the outcome of adequate sedation within 30 min.

Certainty of the evidence, and classificationa of intervention Interventionb Intervention vs reference treatment (OR (95% CrI)) SUCRA

High certainty (moderate to high certainty evidence)
Category 2: among the most effective – – –
Category 1: inferior to the most effective or superior to the least effective Ketamine (M) 23.20 (1.11–11,240.00) 0.9295

Droperidol (M) 4.59 (1.44–13.53) 0.7670
Category 0: among the least effective – – –

Low certainty (low to very low certainty evidence)
Category 2: might be among the most effective – – –
Category 1: inferior to the most effective or superior to the least effective – – –
Category 0: among the least effective Droperidol-Midazolam (VL) 4.26 (0.74–22.58) 0.7199

Haloperidol-Midazolam (VL) 5.66 (0.16–3432.00) 0.6663
Midazolam (VL) 2.38 (0.93–5.59) 0.5680
Ziprasidone (VL) 1.58 (0.38–5.60) 0.4129
Valproate IV (VL) 1.43 (0.30–6.49) 0.3853
Haloperidol-Lorazepam (VL) 0.86 (0.02–421.40) 0.3271
Olanzapine (L) 1.17 (0.26–4.53) 0.3069
Reference treatment (Haloperidol) – 0.2354
Lorazepam (VL) 0.82 (0.22–2.86) 0.1817

CrI: credible interval; OR: odds ratio; SUCRA: surface under the cumulative ranking curve; vs: versus.
a Categories do not inform value judgments about the importance of the effects.
b Letters in brackets represent the certainty of evidence for each intervention when compared with the reference (Haloperidol): H = high; M = moderate; L = low; VL = very low.
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treatment effect estimates. Therefore, there may be non-randomized
studies that contradict our findings. We acknowledge that prospective,
observational studies do have value in that they typically involve
greater enrollment an can accurately measure adverse events for a par-
ticular therapy; however, including observational data in the evidence
base for NMAwill yield effect estimates that initially rate low in quality,
prior to considering other evidence limitations [51]. We also included
only English-language studies, however, language restriction in system-
atic reviews and meta-analyses in medicine has not been shown to re-
sult in systematic bias [52] or significantly impact effect estimates
[53]. Second, the transitivity assumption may be challenged by clinical
heterogeneity in proportion of male subjects and etiology of agitation
and conceptual heterogeneity in exclusion criteria, definition of out-
comes (such as adequate sedation and hypotension), and drug dosing
regimen. Five different sedation scales were used, but the descriptions
of adequate sedation defined in each trial were clinically appropriate,
if not identical. We analyzed data from five trials [22,23,27,31,32] at
the time point when the treating physician determined that additional
tranquilizing (or “rescue”) drugswere necessary. The studies also varied
inmeticulousness of reporting adverse events. Third, the adverse events
in the composite outcome vary in clinical importance; for example, car-
diac arrest and intubation are more significant than hypoxemia. How-
ever, only two cardiac arrests and three intubations occurred within
thenetwork, and separateNMAs for cardiac arrest or intubation as inde-
pendent outcomes are not feasible. Furthermore, we should acknowl-
edge that the adverse event of “intubation” may not necessarily
represent respiratory insufficiency; it can also represent treatment fail-
ure. Agitation refractory to the initial drug therapy may necessitate es-
calating dose regimens or alternative, more potent sedative agents,
and intubation may be required for airway protection in such cases.
Fourth, the evidence networks were comprised of a small number of
studies, and each network's treatment groups varied in pooled sample
size. This imbalance in the evidence contributing to each treatment
group will limit the power and reliability of the overall analysis
[54,55]. Fifth, study sample sizeswere too small to control for significant
effect modifiers; however, if additional evidence becomes available in
the future, one could potentially conduct covariate-adjusted analysis
to account for heterogeneity and incoherence (which was minimal in
both networks). Largely as a result of study limitations and imprecision,
there remains someuncertainty in the relative effectiveness of the treat-
ments for adequate sedation within 30 min. More importantly, no de-
terminations can be made with regard to relative safety, and the
regulations that limit the availability of sedative agents are often

based upon potential hazard to the patient. Sixth, profound agitation
in the EDmay be driven by a high prevalence of underlying intoxication,
especially in younger patients, and Yap et al. [56] report a significant as-
sociation of alcohol intoxication and adverse events in agitated patients
who were given parenteral sedative agents. We did not have access to
subject-level data to perform NMA of the subgroup of patients with ag-
itation due to intoxication; therefore, we could not definitively identify
the optimal sedative strategy in this population. Lastly, our NMA results
may not be applicable to pediatric or geriatric populations or patients
with primarily acute, psychiatric illness.

6. Conclusions

The available evidence suggests that ketamine and droperidol, when
administered intramuscularly, have intermediate effectiveness as phar-
macological approaches to rapid tranquilization of the severely agitated
patient in the ED. There is insufficient evidence to definitively deter-
mine which intramuscular agent(s) may be safest or fastest in effect
onset. Further, direct-comparison study of ketamine and droperidol
with predetermined and strictly defined adverse events is recom-
mended.
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Table 5
Final classification of interventions based upon network meta-analysis of intramuscular tranquilizing drugs for the outcome of immediate, serious adverse event.

Certainty of the evidence, and classificationa of intervention Interventionb Intervention vs reference treatment (OR (95% CrI)) SUCRA

High certainty (moderate to high certainty evidence)
Category 2: among the safest – – –
Category 1: inferior to the most safe or superior to the least safe – – –
Category 0: among the least safe – – –

Low certainty (low to very low certainty evidence)
Category 2: might be among the safest – – –
Category 1: inferior to the most safe or superior to the least safe – – –
Category 0: among the least safe Droperidol-Midazolam (VL) 0.27 (0.02–3.64) 0.7879

Droperidol (VL) 0.46 (0.08–2.32) 0.7411
Valproate IV (VL) 0.35 (0.00–27.00) 0.6821
Olanzapine (L) 0.47 (0.01–7.54) 0.6697
Ziprasidone (VL) 0.82 (0.10–5.22) 0.5614
Reference treatment (Haloperidol) – 0.4959
Lorazepam (VL) 1.33 (0.14–10.00) 0.4144
Midazolam (VL) 1.28 (0.26–5.88) 0.3977
Haloperidol-Lorazepam (VL) 3.70 (0.06undefined) 0.3181
Haloperidol-Midazolam (VL) 4.00 (0.06–undefined) 0.3087
Ketamine (VL) 9.09 (0.30–undefined) 0.1230

CrI: credible interval; OR: odds ratio; SUCRA: surface under the cumulative ranking curve; vs: versus.
a Categories do not inform value judgments about the importance of the effects.
b Letters in brackets represent the certainty of evidence for each intervention when compared with the reference (Haloperidol): H = high; M = moderate; L = low; VL = very low.
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