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ABSTRACT
Introduction  Sedation is a cornerstone therapy in 
the management of patients receiving mechanical 
ventilation and is highly influential on outcome. Early 
sedation depth appears especially influential, as early 
deep sedation is associated with worse outcome when 
compared with light sedation. Our research group has 
shown that patients receiving mechanical ventilation in 
the emergency department (ED) are exposed to deep 
sedation commonly, and ED sedation depth is impactful 
on intensive care unit (ICU) care and clinical outcomes. 
While extensive investigation has occurred for patients in 
the ICU, comparatively little data exist from the ED. Given 
the influence that ED sedation seems to carry, as well 
as a lack of ED-based sedation trials, there is significant 
rationale to investigate ED-based sedation as a means to 
improve outcome.
Methods and analysis  This is a multicentre (n=3) 
prospective, before-and-after pilot trial examining the 
feasibility of implementing targeted sedation in the 
immediate postintubation period in the ED. A cohort of 
344 patients receiving mechanical ventilation in ED will 
be included. Feasibility outcomes include: (1) participant 
recruitment; (2) proportion of Richmond Agitation-Sedation 
Scale (RASS) scores in the deep sedation range; (3) 
reliability (agreement) of RASS measurements performed 
by bedside ED nurses; and (4) adverse events. The 
proportion of deep sedation measurements before and 
after the intervention will be compared using the χ2 test. 
Logistic regression will be used to compare before-and-
after differences, adjusting for potential confounders. The 
inter-rater correlation coefficient will be used to assess 
paired observations between a study team member and 
bedside ED nurses, and to describe reliability of RASS 
measurements.
Ethics and dissemination  The Human Research 
Protection Office at Washington University in St. Louis 
School of Medicine has approved the study. The 

publication of peer-reviewed manuscripts and the 
presentation of abstracts at scientific meetings will be 
used to disseminate the work.
Registration  ​ClinicalTrials.​gov identifier NCT04410783; 
Pre-results.

INTRODUCTION
Background and rationale
Acute respiratory failure requiring mechan-
ical ventilation in the emergency depart-
ment (ED) is required for more than 250 000 
patients annually in the USA; over 30% of 
these patients will die.1–6 This rate can exceed 
50% if acute respiratory distress syndrome 
develops after admission.3 Even if patients 
survive, they experience staggering morbidity 
in terms of hospitalisation days, high readmis-
sion rates, cognitive decline, psychological 
dysfunction and lengthy rehabilitation.7–12 

Strengths and limitations of this study

►► This study will generate new knowledge about an 
influential component of supportive care (sedation 
in the emergency department (ED)) that may be con-
tributing to poor outcomes.

►► The study challenges the historical paradigm of 
deep sedation in the ED by targeting light sedation 
in the immediate postintubation phase of care.

►► The pragmatic design will assure all consecutive 
patients meeting eligibility criteria will be enroled, 
enhancing external validity.

►► Uptake of the protocol may prove more difficult than 
anticipated, hindering the ability to target sedation 
in the ED.
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Despite these facts, outcomes for critically ill patients 
have improved over the past three decades, largely from 
improving the delivery of critical care and optimising 
supportive therapies (eg, lung-protective ventilation, 
fluid management, awakening and breathing trials, early 
mobility, etc).13–16

Sedation management is a cornerstone therapy for 
patients receiving mechanical ventilation, and is highly 
influential on outcome. Current sedation guidelines 
suggest targeting light levels of sedation depth, unless 
clinically indicated otherwise.16 However, the incidence 
of deep sedation in the intensive care unit (ICU) is high 
(up to 70%), and clinicians frequently extend periods 
of deep sedation for days.17 The deep sedation provided 
to patients receiving mechanical ventilation is troubling 
when considering consequences of deep sedation. Deep 
sedation has been associated with an increased incidence 
of: (1) ventilator-associated pneumonia18 19; (2) aspira-
tion20; (3) gastrointestinal dysfunction21 22; and (4) deep 
venous thrombosis.23 Most relevant to the current work, 
these clinical sequela occur early, within 1–2 days, and 
provide strong clinical rationale for the avoidance of 
deep sedation during the early period of critical illness 
when possible.19 23 24 With respect to patient-oriented 
outcomes, deep sedation has a negative impact as shown 
by greater: (1) mortality; (2) mechanical ventilation, 
ICU and hospital duration; and (3) incidence of post-
traumatic stress disorder, delirium and coma.15 25–31 
Early sedation depth may be especially consequential. 
Three cohort studies from the ICU found deep sedation 
during the initial 48 hours of mechanical ventilation to 
be common and associated with increased mechanical 
ventilation duration, mortality, incidence of delirium and 
longer lengths of stay.32–34 Two pilot trials, not powered 
for clinical endpoints, showed a trend of more delirium, 
ventilation time and lengths of stay associated with early 
deep sedation.35 36 To collate the literature regarding 
early sedation and its potential impact on outcome, our 
research group conducted a comprehensive systematic 
review and meta-analysis, which demonstrated that early 
light sedation, compared with deep sedation, was associ-
ated with: (1) lower mortality; (2) less delirium; and (3) 
fewer ventilator days.37

The ED could be a high-yield clinical arena in which 
to target sedation depth to improve outcome. In a single-
centre study, our group demonstrated an incidence 
of deep sedation of 64%, and an association between 
deep sedation and: (1) increased mortality; (2) fewer 
ventilator-free days; and (3) longer lengths of stay.38 
There was a depth-dependent relationship between ED 
sedation and outcome such that there were improved 
outcomes associated with incrementally lighter ED seda-
tion depth. To build on this single-centre experience, 
the multicentre (n=15) ED-SED Study was a prospective 
cohort study conducted to examine practice patterns and 
clinical outcomes associated with ED sedation across a 
diverse sample of medical centres in the USA.39 The inci-
dence of deep sedation (Richmond Agitation-Sedation 

Scale (RASS) of −3 to −5) in the ED was 53%, and deep 
sedation in the ED predicted the receipt of deep sedation 
during the first 48 hours in the ICU. ED deep sedation was 
also associated with 1.9 fewer ventilator-free days (−0.40 
to 4.13), 2.3 fewer hospital-free days (0.26–4.32) and a 
13.1% higher incidence of acute brain dysfunction (deliri-
um+coma, odds ratio (95% CI) 1.73 (1.10–2.73)). Despite 
this, no ED-based sedation trial has been conducted, and 
emergency medicine-based policy statements mention 
nothing regarding light sedation as a potential therapeutic 
target.40 These facts suggest that sedation has historically 
been viewed as an ‘ICU issue’ and given low priority in the 
setting of early critical illness. However, inadequate seda-
tion is not without consequence, as it may increase physi-
ologic stress, catecholamine release, oxygen consumption 
and recall of stressful memories.41–44 Therefore, whether 
deep sedation in the immediate postintubation period in 
the ED is associated with worse outcome remains unclear.

Given the abundance of data showing a strong associa-
tion between early deep sedation and clinical outcomes, 
the lack of clinical trials targeting sedation in the ED, and 
the increase use of the ED (in terms of patient visits and 
boarding hours) for critically ill patients, there is signif-
icant rationale to conduct an ED-based sedation trial in 
order to improve outcome.45 Furthermore, given the 
influence of ED sedation depth on early ICU sedation, 
targeted sedation in the ED could carry benefit, even 
for healthcare systems with relatively short ED lengths of 
stay. Prior to proceeding with a large-scale clinical trial, 
our research team designed the ED-SED Pilot Trial to fill 
critical information gaps. The objective of the ED-SED 
Pilot Trial is to examine the feasibility of implementing 
ED-based goal-oriented sedation, which targets light 
sedation as the default approach, in patients receiving 
mechanical ventilation. We hypothesise that ED-based 
goal-oriented sedation will be feasible in terms of: (1) 
trial recruitment; (2) efficacy in achieving target seda-
tion; (3) reliability of RASS measurements during routine 
care in the ED; (4) adverse events; and (5) barriers to 
implementation.

METHODS AND ANALYSIS
Study design
This is a multicentre (n=3), prospective before-and-after 
trial, and is reported in compliance with the Standard 
Protocol Items: Recommendations for Intervention Trials 
(SPIRIT) statement (see online supplemental file 1). A 
schematic of the before-and-after trial design appears in 
figure 1. Data collection in the before phase is planned to 
begin in August of 2020; data collection in the after phase 
is anticipated to be completed in September of 2021.

Study population
This trial will target adult patients receiving mechanical 
ventilation in the ED. Inclusion criteria are: (1) mechan-
ical ventilation via an endotracheal tube, including 
patients intubated in the ED and prior to arrival (ie, 

https://dx.doi.org/10.1136/bmjopen-2020-041987
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prehospital); and (2) age ≥18 years. Exclusion criteria 
are: (1) acute neurologic injury (stroke, intracranial 
haemorrhage, traumatic brain injury, cardiac arrest, 
status epilepticus, fulminant hepatic failure); (2) ongoing 
neuromuscular blockade; (3) transfer directly from the 
ED to the operating room, or other procedural areas; (4) 
death or transition to comfort measures within 24 hours; 
(5) transfer to another hospital from the ED; and (6) 
chronic/home mechanical ventilation.

Patients will be recruited from the ED at three academic 
medical centres in the USA: (1) Barnes-Jewish Hospital/
Washington University School of Medicine, St. Louis, 
Missouri; (2) University of Iowa, Iowa City, Iowa; and (3) 
Cooper Medical School of Rowan University, Camden, 
New Jersey. Patients receiving mechanical ventilation 
in the ED reflect the composition of the demographics 
at each of the sites in this study. Based on our prelimi-
nary data, we project that the enrolment of women will 
be approximately 45% and the enrolment of minorities 
will be approximately 35% African-American and 10% 
Hispanic. We will not exclude any subjects based on 
gender, race or ethnicity. We therefore expect that the 
study findings will hold external validity.

Screening and study initiation
This study will identify patients presenting to the ED 
requiring mechanical ventilation in three academic 
centres. Each site has a system in place for real-time alerts 
(24 hours/day) when mechanical ventilation is used in 
the ED, and has validated its notification system from 
the ED to ensure the population of potentially eligible 
patients will be consecutive patients receiving mechanical 
ventilation presenting to the ED.39 All patients who satisfy 
inclusion and exclusion criteria will be enroled.

Patient and public involvement
The patients in this study were not involved in the devel-
opment of the research question or study design, and will 
not be involved in recruitment or conduct of the study.

Interventions
Patients in the before phase of the trial will receive usual 
care, which is clinician-directed sedation after the initia-
tion of mechanical ventilation. A pragmatic approach will 
be used, and other cointerventions will be at the discre-
tion of the treating clinician and will not be standardised.

After half of the patients have been enroled, the before 
phase will end and enrolment will be suspended for 
a 3-month execution of the protocol implementation 

phase. This is an educational initiative aimed at 
improving how existing sedation protocols are delivered 
to patients receiving mechanical ventilation in the ED. 
During this implementation phase, the study team will 
engage key stakeholders (ie, nursing leadership, nurses, 
attending and resident physicians) regarding our clinical 
outcome data on the importance of an ED-based seda-
tion protocol, and the objectives of the research. We 
will educate with in-person training (ie, in-services and 
lectures) and computer-based educational strategies 
(eg, www.​icudelirium.​org) focused on the importance 
of sedation protocols and sedation depth on patient 
outcome, aspects of the protocol related to medication 
titration, and sedation assessment with RASS. We will also 
strategically place marketing tools, such as graphics and 
pocket cards, throughout the ED. We will evaluate the 
use of sedation throughout the study in order to better 
understand providers’ perception of and experience with 
ED-based sedation protocols. This will include informal 
interactions regarding the progress of adhering to seda-
tion recommendations and ongoing support throughout 
the study. We will also conduct a qualitative sedation 
knowledge and impediment survey in order to interpret 
study results through the lens of qualitative findings, and 
to better understand facilitators and barriers to seda-
tion protocol implementation. These surveys will assess 
providers’ perception of sedation, and other aspects of 
daily practice, which are vital in protocol implementa-
tion (ie, support, teamwork, resource availability).46 The 
survey will be administered prior to the after phase of the 
trial, and following completion of patient enrolment (see 
online supplemental file 2).

The implementation phase is needed for two primary 
reasons. First, while sedation is standard care for patients 
receiving mechanical ventilation, the overwhelming 
majority of data comes from the ICU.16 The lack of 
emphasis on ED-based sedation is likely driven by: (1) 
comparatively sparse data from the ED domain; and (2) 
clinical differences, at times vast, between the two loca-
tions (ie, nurse-to-patient ratios, acuity, physician staffing). 
Therefore, implementation must proceed in a way that 
is feasible and balances clinical realities in a way that is 
both provider and patient oriented. Implementation will 
proceed such that provider feedback is solicited so that 
targeted sedation is effectively used in the ED, allowing 
us to test the intervention under real-world conditions. 
Second, during implementation, sites will not be consid-
ered as exposed or not exposed, allowing mitigation of 

Figure 1  Schematic of the prospective, before-and-after trial design.

www.icudelirium.org
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contamination risk. To maintain a pragmatic approach to 
the study, and because the sedation recommendations are 
quite similar across sites, this study will not alter anything 
about the post-intubation care at a site (ie, medications 
delivered). It will only educate providers on the impor-
tance of using a sedation protocol effectively, including: 
(1) addressing pain first; (2) setting a target sedation 
depth; (3) targeting a light sedation depth (RASS −2 to 
0) as the default approach; and (4) appropriately titrated 
sedation.

After the 3-month implementation phase, we will 
resume enrolment, and these subjects will comprise the 
after phase of the study. Participants in the after phase 
will also receive standard postintubation care at the 
discretion of the treating team, though it will be after 
the education initiative aimed at improving sedation 
practices in the ED. While light sedation (RASS 0 to −2) 
will be emphasised during the education initiative as the 
most appropriate approach for the majority of patients, 
patients will be treated and sedated at the discretion of 
the clinical team. During the after phase, routine moni-
toring of sedation practices will occur.

Data
Patient-level data will be easily accessible from the elec-
tronic medical record. The following baseline character-
istics will be collected: age, gender, race, weight, height, 

pre-existing comorbid conditions, vital signs at presenta-
tion and pertinent laboratory variables. The location of 
intubation will be collected (ie, ED, prehospital, outside 
hospital/other facility), as will drugs used to facilitate 
intubation, and ventilator settings. After the initiation of 
mechanical ventilation in the ED, all medications related 
to analgesia and sedation in the ED will be collected, and 
will include opiates, benzodiazepines, propofol, ketamine, 
dexmedetomidine, etomidate, haloperidol, quetiapine 
and neuromuscular blockers. Sedation depth in the ED 
will be recorded by bedside nurses, using RASS.47

The following in-hospital data will be collected: dura-
tion of ventilation, agents used for analgesia and sedation 
during the first 48 hours of ICU admission, depth of seda-
tion during the first 7 days of ICU admission, incidence 
of acute brain dysfunction, lengths of stay in the ICU and 
hospital, discharge location and mortality status. Table 1 
shows a description of events for this study.

A data and safety monitoring board (DSMB), inde-
pendent of the research team and funder, will be used 
to monitor the data. The DSMB will assess safety and 
efficacy of study procedures, and monitoring the overall 
conduct of the study. The DSMB also will review adverse 
event data, other safety data, quality and completeness 
of study data, protocol adherence data and enrolment 
data at each meeting to ensure proper trial conduct and 

Table 1  Schedule of events for this prospective, before-and-after trial

Measurement/event 0* 1 2 3 4 5 6 7 Hosp D/C

Inclusion/exclusion criteria X  �   �   �   �   �   �   �   �

Demographics X  �   �   �   �   �   �   �   �

Comorbid conditions X  �   �   �   �   �   �   �   �

Height, weight, PBW, BMI X  �   �   �   �   �   �   �   �

Vital signs and pertinent labs X  �   �   �   �   �   �   �   �

Illness severity—SOFA X  �   �   �   �   �   �   �   �

Intubation details X  �   �   �   �   �   �   �   �

Ventilator settings and data X  �   �   �   �   �   �   �   �

ED process of care variables X  �   �   �   �   �   �   �   �

Adverse events† X  �   �   �   �   �   �   �   �

Medications for sedation X X X  �   �   �   �   �   �

RASS measurements X X X X X X X X  �

Incidence of deep sedation X X X X X X X X  �

Blood gas assessment X X X  �   �   �   �   �   �

Delirium assessment, CAM-ICU X X X X X X X X  �

Ventilator status  �   �   �   �   �   �   �   �  X

Length of stay (hospital and healthcare facility)  �   �   �   �   �   �   �   �  X

Discharge location  �   �   �   �   �   �   �   �  X

Mortality status  �   �   �   �   �   �   �   �  X

*Day 0 refers to the ED.
†Inadvertent extubation, device removal, awareness with paralysis.
BMI, body mass index; CAM, confusion assessment method; ED, emergency department; ICU, intensive care unit; PBW, predicted body 
weight; RASS, richmond agitation-sedation scale; SOFA, sequential organ failure assessment.



5Fuller BM, et al. BMJ Open 2020;10:e041987. doi:10.1136/bmjopen-2020-041987

Open access

continued feasibility of answering the research questions. 
Meetings between the research team and the DSMB will 
occur before the study begins, on completion of the 
before phase of enrolment, after half of the patients in 
the after phase have been enroled, and on study comple-
tion. As this is a pilot trial primarily aimed at assessing 
feasibility, there will be no stopping guidelines for the 
study.

Outcomes
Several overarching themes exist as reasons to conduct 
pilot studies, including those related to process, 
resources, management and intervention effects.48 The 
main purpose of this pilot study relates to process. There-
fore, the outcome measures revolve around feasibility, 
not clinical outcomes, and this pilot and its outcome 
measures have been designed to specifically address the 
unanswered questions that remain despite our prelimi-
nary data. Quantitative feasibility outcomes include: (1) 
participant recruitment; (2) proportion of RASS scores 
in the deep sedation range; (3) reliability (agreement) 
of RASS measurements performed by bedside ED nurses 
and study team members; and (4) adverse events. These 
data will be supplemented with a qualitative assessment of 
barriers to implementation (survey of nurses and physi-
cians). While the main purpose of the study is to test 
feasibility, we will also collect clinical outcome data and 
adverse events potentially related to ED-based sedation 
(inadvertent extubation, device removal and awareness 
with paralysis).

Proposed statistical methods
This pilot study was designed to test our procedures and 
estimate the proportions of our participants who would 
meet our feasibility objectives in a powered clinical trial. 
Therefore, the data analyses are mostly descriptive. 
Demographic and treatment variables, as well as partici-
pant characteristics, will be summarised by using descrip-
tive statistics such as mean (SD) and median (IQR) for 
continuous variables, and frequency distributions for 
categorical variables.

For recruitment rate and adverse events, the type of 
data will include Poisson count and binary. Point esti-
mates and confidence intervals will be presented for 
data analyses. Based on empirical data, the methods for 
confidence intervals may be based on the normal distri-
bution approximation to Poisson/binomial distribution 
(when Poisson mean >10 or the number of binomial 
events >10), or the exact method (when Poisson mean or 
number of binomial events is small). The proportion of 
deep sedation measurements before and after the inter-
vention will be compared using the χ2 test to compare two 
independent proportions. Logistic regression will be used 
to compare before-and-after differences, adjusting for 
potential confounders. The inter-rater correlation coef-
ficient will be used to assess paired observations between 
a study team member and bedside ED nurses, and to 
describe reliability of RASS measurements (continuous 

scale). Two-way random effects, in which two raters 
in each site (ie, study team member and bedside ED 
nurse) are considered as a random sample from a larger 
population, will be used.49 Point estimates of inter-rater 
correlation coefficient and 95% CIs will be presented. 
Regarding the survey results describing potential barriers 
to the implementation, these data will be summarised and 
reported as frequencies and proportions, and responses 
from time 1 (before protocol) will be compared with time 
2 (after completion of the pilot study). Using inductive 
content analysis, free text from open-ended questions will 
be systematically reviewed line by line to identify themes 
around sedation protocol use.50 All tests will be two-
tailed, and a p value <0.05 will be considered statistically 
significant.

Sample size
The sample size is based on the proportion of RASS scores 
in the deep sedation range, as that is most applicable in 
assessing protocol success. Our preliminary data from 
the three sites in the ED-SED Pilot Trial demonstrate 
that 63% of RASS assessments are expected to be in the 
deep sedation range. We assume an effect size (absolute 
proportion difference) of 15% (ie, deep sedation 63% 
in the before phase and 48% in the after phase), which 
is: (1) within the expected range based on an ICU seda-
tion trial which targeted light sedation35; (2) feasible to 
attain; and (3) a clinically meaningful demonstration of 
adherence to light sedation per the protocol. Assuming 
α=0.05 and power=0.80 (two-tailed), 172 patients will be 
needed in each phase, that is, a total of 344 patients.

For the reliability aim of the study, a convenience 
sample of 25 patients at each site will be used. The RASS 
takes less than 20 s to perform, requires minimal training 
and has been shown to be highly reliable among multiple 
types of healthcare professionals.51 52 Paired observations 
of two raters will be conducted on each patient: a study 
team member and the bedside ED nurse. The sample 
size determination is based on the precision of inter-rater 
correlation coefficient estimates. With a desired sample 
inter-rater correlation coefficient of 0.95, 23 patients in 
each site are needed to produce a one-sided 95% CI with 
a lower bound of 0.90, which indicates ‘excellent’ reli-
ability. With a sample of 25 patients at each site, there will 
be high precision in the estimation of agreement in RASS 
measurements between study team members and bedside 
ED nurses in the after phase of the trial.

Anticipated results
The goal enrolment is 0.3 patients per day at each site. 
This is realistic given the nature of the trial design for 
this pilot and the future trial, and based on the previous 
experience of members of the research team in studying 
patients receiving mechanical ventilation in ED.2–5 39 53 
With successful implementation of targeted sedation in 
the ED, we expect to: (1) achieve a 15% reduction in the 
proportion of RASS scores in the deep sedation range; 
and (2) demonstrate high agreement among RASS 
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assessments between trained study team members and 
bedside ED nurses. Guidelines recommend sedation 
protocols and light sedation in patients receiving mechan-
ical ventilation because of a favourable risk-to-benefit 
ratio, with consistent data showing improved outcomes.16 
However, as a trial such as this has not previously been 
conducted in the ED, tracking adverse events will be vital 
for patient safety and clinical trial planning. We expect 
the incidence of adverse events to be similar between 
the before and after groups, with the following baseline 
expected event rates: self-extubation (<1%),54 55 device 
removal (eg, urinary catheter, venous or arterial access, 
enteric tubes (1%–2%))56 and awareness with paralysis 
(~1%).57 58

Data storage and management
All data will be entered by the study team and data accu-
racy will be verified by the study principal investigator 
(PI). Data quality control measures will include queries 
to identify missing data, outliers and discrepancies. Only 
study team members will have access to protected health 
information. After enrolment, a unique identifier will be 
assigned to each study subject. The data will be uploaded 
and stored using Research Electronic Data Capture 
(REDCap), a web-based data management application. 
All computers will be password-protected and encrypted 
per university policy. We will ensure that the anonymity is 
maintained. Patients will not be identified by name in any 
reports on this study. The study PI will have access to the 
final study dataset.

Ethics and dissemination
Ethics approval
Washington University in St. Louis will act as the single 
institutional review board for this trial. The study protocol 
has received ethical approval by the Human Research 
Protection Office at Washington University School of 
Medicine in St. Louis, and will be conducted with waiver 
of informed consent.

Dissemination and data sharing
Sharing of data generated by this trial is an important 
part of the proposed activities. Data will be shared with 
other investigators through academically established 
means, as necessary and appropriate. Datasets generated 
from the trial will be available from the overall study PI 
on reasonable request. Collaboration with others investi-
gators is encouraged. The results will be disseminated via 
publication in a peer-reviewed journal and presentation 
at national meetings.

Strengths and limitations
Strengths
The genesis of early sedation is in the ED, and our 
preliminary data suggest that optimisation of ED-based 
sedation could improve both early ICU sedation and 
patient-oriented clinical outcomes. Therefore, we believe 
the most high impact approach is to focus and initiate 
future investigations in the ED domain. Given the 

lack of ED-based clinical sedation trials that have been 
conducted, the ED-SED Pilot Trial was designed to assess 
feasibility of implementing targeted sedation in the ED in 
preparation for a large-scale clinical trial.

The study has several strengths. It aims to identify 
a new potential therapeutic target (ie, targeted seda-
tion) in immediate postintubation care. Deep sedation 
has been the default, especially during the early period 
of mechanical ventilation, as shown by a number of 
studies.32 33 59 Rather than studying a completely new 
therapy, the proposed study will generate new knowledge 
about a standard component of supportive care that may 
already be contributing to poor outcomes. Furthermore, 
we propose a proactive approach to targeted sedation 
during the most acute phase of respiratory failure. The 
historical paradigm has focused on reactive interventions 
to reverse unresponsiveness, as most sedation trials have 
waited 48–96 hours before randomisation and study initi-
ation.15 25 30 60–62

Our study also differs from a recent early ICU sedation 
trial in several ways.63 First, the ED-SED Pilot will account 
for both ED and ICU sedation, as opposed to ICU seda-
tion only. Second, sedation depth will be the target, as 
opposed to a particular drug (eg, dexmedetomidine), as 
it is possible that targeting light sedation in the ED, where 
it has not been the norm, will be more impactful and 
achieve greater separation in the first days of ICU care. 
Third, the pragmatic design will assure that all consec-
utive patients meeting eligibility criteria will be enroled, 
which will generate data that are more externally valid.

Limitations
This study also has several limitations. Protocol uptake 
may be suboptimal and implementation may be more 
difficult than anticipated. A documented decrease in the 
proportion of RASS measurements in the deep sedation 
range will be vital to demonstrate feasibility. We believe 
this is possible for several reasons. We will assess provider 
perceptions regarding the protocol with a qualitative 
survey that is administered before and after enrolment. 
This will allow modifications of the ED-SED Protocol 
if themes regarding non-adherence to the protocol 
are identified. Targeted sedation protocols have been 
successfully implemented in the ICU setting for years. 
While the ED environment is unique, there is no empiric 
reason to believe that sedation protocols would be inher-
ently difficult to implement in the ED. The agreement in 
RASS assessments between trained study team members 
and bedside ED nurses may be low. This lack of fidelity 
would hinder our ability to conduct a large-scale clinical 
trial across multiple sites. While RASS has not been exam-
ined in the ED in a similar context as this pilot, there is 
extensive ICU data demonstrating excellent inter-rater 
reliability among multiple types of healthcare providers. 
Given the fact that this aspect of the ED-SED Pilot is also 
quite simple (RASS takes <20 s to perform) and reliable, 
we anticipate similar success. From a methodology stand-
point, before-and-after studies are prone to temporal 
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changes and imbalance between study groups. The 
relatively short duration of enrolment and pre-existing 
standardisation of cointerventions suggests this will not 
occur, but any imbalances will be reported. The enrol-
ment window for the before and after periods may lead 
to seasonal imbalances regarding indications leading to 
respiratory failure in the ED. However, our prior work 
has not revealed this to be very significant.2 The study 
design limits any associations between any interventions 
and outcomes, and will also not be powered for clinical 
outcomes. This is not the primary intent of this investiga-
tion, but rather to assess feasibility in order to better plan 
for a larger trial. In that regard, the ED-SED Pilot could 
be a pivotal trial in the process of optimising ED-based 
postintubation care in order to reduce adverse events and 
improve clinical outcome.

Author affiliations
1Department of Anesthesiology, Division of Critical Care, Department of Emergency 
Medicine, Washington University in St. Louis School of Medicine, St. Louis, Missouri, 
USA
2Department of Emergency Medicine, Cooper University Hospital, One Cooper Plaza, 
Camden, New Jersey, USA
3Departments of Emergency Medicine and Anesthesiology, Division of Critical Care, 
Roy J. and Lucille A. Carver College of Medicine, University of Iowa, Iowa City, Iowa, 
USA
4Washington University in St. Louis School of Medicine, St. Louis, Missouri, USA
5Department of Emergency Medicine, Washington University in St. Louis School of 
Medicine, St. Louis, Missouri, USA
6Division of Public Health Sciences, Department of Surgery, Division of Biostatistics, 
Washington University School of Medicine, St. Louis, Missouri, USA
7Department of Medicine, Division of Pulmonary and Critical Care Medicine, 
Washington University in St. Louis School of Medicine, St. Louis, Missouri, USA
8Department of Anesthesiology, Washington University in St. Louis School of 
Medicine, St. Louis, Missouri, USA

Twitter Robert J Stephens @StephensRobJ

Contributors  BMF helped in study conception and study design, acquisition of 
data, analysis and interpretation of data, drafting and revising the manuscript. 
RDP helped in conception and study design, acquisition of data, analysis and 
interpretation of data and revising the manuscript. BWR and NMM helped in study 
design, analysis and interpretation of data, drafting and revising the manuscript. 
RJS helped in study design, analysis and interpretation of data and revising 
the manuscript. CC, YY, MHK and MSA helped in study design, analysis and 
interpretation of data and revising the manuscript.

Funding  BMF is supported by the National Heart, Lung, and Blood Institute of 
the National Institutes of Health (NIH) under award number R34HL150404. The 
content is solely the responsibility of the authors and does not necessarily represent 
the official views of the NIH. Funders played no role in the following features of 
the study: study design, data collection, data management, data analysis, data 
interpretation, writing of the manuscript or decision to submit the manuscript for 
publication.

Competing interests  None declared.

Patient consent for publication  Not required.

Provenance and peer review  Not commissioned; externally peer reviewed.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

ORCID iDs
Brian M Fuller http://​orcid.​org/​0000-​0003-​3757-​756X
Brian W Roberts http://​orcid.​org/​0000-​0002-​7690-​997X
Robert J Stephens http://​orcid.​org/​0000-​0003-​4660-​251X

REFERENCES
	 1	 Easter BD, Fischer C, Fisher J. The use of mechanical ventilation in 

the ED. Am J Emerg Med 2012;30:1183–8.
	 2	 Fuller BM, Ferguson IT, Mohr NM, et al. Lung-protective ventilation 

Initiated in the emergency department (LOV-ED): a quasi-
experimental, before-after trial. Ann Emerg Med 2017;70:406–18.

	 3	 Fuller BM, Ferguson IT, Mohr NM, et al. A quasi-experimental, 
before-after trial examining the impact of an emergency department 
mechanical ventilator protocol on clinical outcomes and lung-
protective ventilation in acute respiratory distress syndrome. Crit 
Care Med 2017;45:645–52.

	 4	 Fuller BM, Mohr NM, Dettmer M, et al. Mechanical ventilation and 
acute lung injury in emergency department patients with severe 
sepsis and septic shock: an observational study. Acad Emerg Med 
2013;20:659–69.

	 5	 Fuller BM, Mohr NM, Miller CN, et al. Mechanical ventilation and 
ARDS in the ED: a multicenter, observational, prospective, cross-
sectional study. Chest 2015;148:365–74.

	 6	 Dettmer MR, Mohr NM, Fuller BM. Sepsis-Associated pulmonary 
complications in emergency department patients monitored 
with serial lactate: an observational cohort study. J Crit Care 
2015;30:1163–8.

	 7	 Rubenfeld GD, Caldwell E, Peabody E, et al. Incidence and 
outcomes of acute lung injury. N Engl J Med 2005;353:1685–93.

	 8	 Rubenfeld GD, Herridge MS. Epidemiology and outcomes of acute 
lung injury. Chest 2007;131:554–62.

	 9	 Page DB, Drewry AM, Ablordeppey E, et al. Thirty-day Hospital 
readmissions among mechanically ventilated emergency department 
patients. Emerg Med J 2018;35:252–6.

	10	 Parker AM, Sricharoenchai T, Raparla S, et al. Posttraumatic stress 
disorder in critical illness survivors: a metaanalysis. Crit Care Med 
2015;43:1121–9.

	11	 Jackson JC, Pandharipande PP, Girard TD, et al. Depression, post-
traumatic stress disorder, and functional disability in survivors of 
critical illness in the BRAIN-ICU study: a longitudinal cohort study. 
Lancet Respir Med 2014;2:369–79.

	12	 Herridge MS, Tansey CM, Matté A, et al. Functional disability 5 
years after acute respiratory distress syndrome. N Engl J Med 
2011;364:1293–304.

	13	 Matthay MA, Brower RG, et al, Acute Respiratory Distress Syndrome 
Network. Ventilation with lower tidal volumes as compared with 
traditional tidal volumes for acute lung injury and the acute 
respiratory distress syndrome. N Engl J Med 2000;342:1301–8.

	14	 National Heart, Lung, and Blood Institute Acute Respiratory Distress 
Syndrome (ARDS) Clinical Trials Network, Wiedemann HP, Wheeler 
AP, Bernard G, et al. Comparison of two fluid-management strategies 
in acute lung injury. N Engl J Med 2006;354:2564–75.

	15	 Girard TD, Kress JP, Fuchs BD, et al. Efficacy and safety of a paired 
sedation and ventilator weaning protocol for mechanically ventilated 
patients in intensive care (awakening and breathing controlled trial): a 
randomised controlled trial. Lancet 2008;371:126–34.

	16	 Devlin JW, Skrobik Y, Gélinas C, et al. Clinical practice guidelines for 
the prevention and management of pain, agitation/sedation, delirium, 
immobility, and sleep disruption in adult patients in the ICU. Crit Care 
Med 2018;46:e825–73.

	17	 Jackson DL, Proudfoot CW, Cann KF, et al. A systematic review of 
the impact of sedation practice in the ICU on resource use, costs 
and patient safety. Crit Care 2010;14:R59.

	18	 Quenot J-P, Ladoire S, Devoucoux F, et al. Effect of a nurse-
implemented sedation protocol on the incidence of ventilator-
associated pneumonia. Crit Care Med 2007;35:2031–6.

	19	 Rello J, Diaz E, Roque M, et al. Risk factors for developing 
pneumonia within 48 hours of intubation. Am J Respir Crit Care Med 
1999;159:1742–6.

	20	 Metheny NA, Clouse RE, Chang Y-H, et al. Tracheobronchial 
aspiration of gastric contents in critically ill tube-fed patients: 

https://twitter.com/StephensRobJ
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-3757-756X
http://orcid.org/0000-0002-7690-997X
http://orcid.org/0000-0003-4660-251X
http://dx.doi.org/10.1016/j.ajem.2011.09.008
http://dx.doi.org/10.1016/j.annemergmed.2017.01.013
http://dx.doi.org/10.1097/CCM.0000000000002268
http://dx.doi.org/10.1097/CCM.0000000000002268
http://dx.doi.org/10.1111/acem.12167
http://dx.doi.org/10.1378/chest.14-2476
http://dx.doi.org/10.1016/j.jcrc.2015.07.031
http://dx.doi.org/10.1056/NEJMoa050333
http://dx.doi.org/10.1378/chest.06-1976
http://dx.doi.org/10.1136/emermed-2017-206651
http://dx.doi.org/10.1097/CCM.0000000000000882
http://dx.doi.org/10.1016/S2213-2600(14)70051-7
http://dx.doi.org/10.1056/NEJMoa1011802
http://dx.doi.org/10.1056/NEJM200005043421801
http://dx.doi.org/10.1056/NEJMoa062200
http://dx.doi.org/10.1016/S0140-6736(08)60105-1
http://dx.doi.org/10.1097/CCM.0000000000003299
http://dx.doi.org/10.1097/CCM.0000000000003299
http://dx.doi.org/10.1186/cc8956
http://dx.doi.org/10.1097/01.ccm.0000282733.83089.4d
http://dx.doi.org/10.1164/ajrccm.159.6.9808030


8 Fuller BM, et al. BMJ Open 2020;10:e041987. doi:10.1136/bmjopen-2020-041987

Open access�

frequency, outcomes, and risk factors. Crit Care Med 
2006;34:1007–15.

	21	 Reintam Blaser A, Malbrain MLNG, Starkopf J, et al. Gastrointestinal 
function in intensive care patients: terminology, definitions and 
management. recommendations of the ESICM Working group on 
abdominal problems. Intensive Care Med 2012;38:384–94.

	22	 Nguyen NQ, Chapman MJ, Fraser RJ, et al. The effects of sedation 
on gastric emptying and intra-gastric meal distribution in critical 
illness. Intensive Care Med 2008;34:454–60.

	23	 Schweickert WD, Gehlbach BK, Pohlman AS, et al. Daily interruption 
of sedative infusions and complications of critical illness in 
mechanically ventilated patients. Crit Care Med 2004;32:1272–6.

	24	 Cook D, Crowther M, Meade M, et al. Deep venous thrombosis in 
medical-surgical critically ill patients: prevalence, incidence, and risk 
factors. Crit Care Med 2005;33:1565–71.

	25	 Treggiari MM, Romand J-A, Yanez ND, et al. Randomized trial of light 
versus deep sedation on mental health after critical illness. Crit Care 
Med 2009;37:2527–34.

	26	 Kress JP, Pohlman AS, O'Connor MF, et al. Daily interruption of 
sedative infusions in critically ill patients undergoing mechanical 
ventilation. N Engl J Med 2000;342:1471–7.

	27	 Brook AD, Ahrens TS, Schaiff R, et al. Effect of a nursing-
implemented sedation protocol on the duration of mechanical 
ventilation. Crit Care Med 1999;27:2609–15.

	28	 Kollef MH, Levy NT, Ahrens TS, et al. The use of continuous i.v. 
sedation is associated with prolongation of mechanical ventilation. 
Chest 1998;114:541–8.

	29	 Strøm T, Martinussen T, Toft P. A protocol of NO sedation for critically 
ill patients receiving mechanical ventilation: a randomised trial. 
Lancet 2010;375:475–80.

	30	 Pandharipande PP, Pun BT, Herr DL, et al. Effect of sedation with 
dexmedetomidine vs lorazepam on acute brain dysfunction in 
mechanically ventilated patients: the MENDS randomized controlled 
trial. JAMA 2007;298:2644–53.

	31	 Tanaka LMS, Azevedo LCP, Park M, et al. Early sedation and 
clinical outcomes of mechanically ventilated patients: a prospective 
multicenter cohort study. Crit Care 2014;18:1.

	32	 Shehabi Y, Bellomo R, Reade MC, et al. Early intensive care sedation 
predicts long-term mortality in ventilated critically ill patients. Am J 
Respir Crit Care Med 2012;186:724–31.

	33	 Shehabi Y, Chan L, Kadiman S, et al. Sedation depth and long-
term mortality in mechanically ventilated critically ill adults: a 
prospective longitudinal multicentre cohort study. Intensive Care Med 
2013;39:910–8.

	34	 van den Boogaard M, Schoonhoven L, van der Hoeven JG, et al. 
Incidence and short-term consequences of delirium in critically ill 
patients: a prospective observational cohort study. Int J Nurs Stud 
2012;49:775–83.

	35	 Shehabi Y, Bellomo R, Reade MC, et al. Early goal-directed sedation 
versus standard sedation in mechanically ventilated critically ill 
patients: a pilot study*. Crit Care Med 2013;41:1983–91.

	36	 Shehabi Y, Chan L, Ismail WN, et al. 869. Crit Care Med 
2013;41:A217.

	37	 Stephens RJ, Dettmer MR, Roberts BW, et al. Practice patterns 
and outcomes associated with early sedation depth in mechanically 
ventilated patients: a systematic review and meta-analysis. Crit Care 
Med 2018;46:471–9.

	38	 Stephens RJ, Ablordeppey E, Drewry AM, et al. Analgosedation 
practices and the impact of sedation depth on clinical outcomes 
among patients requiring mechanical ventilation in the ED: a cohort 
study. Chest 2017;152:963–71.

	39	 Fuller BM, Roberts BW, Mohr NM, et al. The ED-SED study: a 
multicenter, prospective cohort study of practice patterns and clinical 
outcomes associated with emergency department sedation for 
mechanically ventilated patients. Crit Care Med 2019;47:1539–48.

	40	 American College of Emergency Physicians. Policy statement: 
mechanical ventilation 2017 ACEP Website, accessed June 3, 2020

	41	 Kress JP, Vinayak AG, Levitt J, et al. Daily sedative interruption in 
mechanically ventilated patients at risk for coronary artery disease. 
Crit Care Med 2007;35:365–71.

	42	 Plunkett JJ, Reeves JD, Ngo L, et al. Urine and plasma 
catecholamine and cortisol concentrations after myocardial 
revascularization modulation by continuous sedation. Anesthesiology 
1997;86:785–96.

	43	 Terao Y, Miura K, Saito M, et al. Quantitative analysis of the 
relationship between sedation and resting energy expenditure in 
postoperative patients. Crit Care Med 2003;31:830–3.

	44	 Samuelson KAM, Lundberg D, Fridlund B. Stressful experiences in 
relation to depth of sedation in mechanically ventilated patients. Nurs 
Crit Care 2007;12:93–104.

	45	 Wessman BT, Mohr NM. Emergency department ICUs add value. Crit 
Care Med 2020. doi:10.1097/CCM.0000000000004708. [Epub ahead 
of print: 26 Oct 2020].

	46	 Sexton JB, Helmreich RL, Neilands TB, et al. The safety attitudes 
questionnaire: psychometric properties, benchmarking data, and 
emerging research. BMC Health Serv Res 2006;6:44.

	47	 Reade MC, Finfer S. Sedation and delirium in the intensive care unit. 
N Engl J Med 2014;370:444–54.

	48	 Brown SM, Paine R, Lanspa M, et al. Value beyond the P: the case 
for higher-quality and better-publicized pilot and feasibility trials. Ann 
Am Thorac Soc 2019;16:1230–3.

	49	 Shrout PE, Fleiss JL. Intraclass correlations: uses in assessing rater 
reliability. Psychol Bull 1979;86:420–8.

	50	 Elo S, Kyngäs H. The qualitative content analysis process. J Adv 
Nurs 2008;62:107–15.

	51	 Sessler CN, Gosnell MS, Grap MJ, et al. The Richmond Agitation-
Sedation scale: validity and reliability in adult intensive care unit 
patients. Am J Respir Crit Care Med 2002;166:1338–44.

	52	 Ely EW, Truman B, Shintani A, et al. Monitoring sedation status over 
time in ICU patients: reliability and validity of the Richmond Agitation-
Sedation scale (RASS). JAMA 2003;289:2983–91.

	53	 Roberts BW, Kilgannon JH, Hunter BR, et al. Association between 
early hyperoxia exposure after resuscitation from cardiac arrest and 
neurological disability: prospective multi-center protocol-directed 
cohort study. Circulation 2018;137:2114–24.

	54	 Walls RM, Brown CA, Bair AE, et al. Emergency airway management: 
a multi-center report of 8937 emergency department Intubations. J 
Emerg Med 2011;41:347–54.

	55	 Fuller BM, Mohr NM, Roberts BW, et al. Protocol for a multicentre, 
prospective cohort study of practice patterns and clinical outcomes 
associated with emergency department sedation for mechanically 
ventilated patients: the ED-SED study. BMJ Open 2018;8:e023423.

	56	 Burry LD, Williamson DR, Perreault MM, et al. Analgesic, sedative, 
antipsychotic, and neuromuscular blocker use in Canadian intensive 
care units: a prospective, multicentre, observational study. Can J 
Anaesth 2014;61:619–30.

	57	 Sebel PS, Bowdle TA, Ghoneim MM, et al. The incidence of 
awareness during anesthesia: a multicenter United States study. 
Anesth Analg 2004;99:833–9.

	58	 Arnot-Smith J, Smith AF. Patient safety incidents involving 
neuromuscular blockade: analysis of the UK national reporting 
and learning system data from 2006 to 2008. Anaesthesia 
2010;65:1106–13.

	59	 Jackson DL, Proudfoot CW, Cann KF, et al. The incidence of 
sub-optimal sedation in the ICU: a systematic review. Crit Care 
2009;13:R204.

	60	 Mehta S, Burry L, Cook D, et al. Daily sedation interruption in 
mechanically ventilated critically ill patients cared for with a sedation 
protocol: a randomized controlled trial. JAMA 2012;308:1985–92.

	61	 Jakob SM, Ruokonen E, Grounds RM, et al. Dexmedetomidine 
vs midazolam or propofol for sedation during prolonged 
mechanical ventilation: two randomized controlled trials. JAMA 
2012;307:1151–60.

	62	 Riker R, Shehabi Y, SEDCOM BP. Safety and efficacy of 
dexmedetomidine compared with midazolam) Study Group 
dexmedetomidine vs midazolam for sedation of critically ill patients: 
a randomized trial. JAMA 2009;3015:489–99.

	63	 Shehabi Y, Howe BD, Bellomo R, et al. Early sedation with 
dexmedetomidine in critically ill patients. N Engl J Med 
2019;380:2506–17.

http://dx.doi.org/10.1097/01.CCM.0000206106.65220.59
http://dx.doi.org/10.1007/s00134-011-2459-y
http://dx.doi.org/10.1007/s00134-007-0942-2
http://dx.doi.org/10.1097/01.CCM.0000127263.54807.79
http://dx.doi.org/10.1097/01.CCM.0000171207.95319.B2
http://dx.doi.org/10.1097/CCM.0b013e3181a5689f
http://dx.doi.org/10.1097/CCM.0b013e3181a5689f
http://dx.doi.org/10.1056/NEJM200005183422002
http://dx.doi.org/10.1097/00003246-199912000-00001
http://dx.doi.org/10.1378/chest.114.2.541
http://dx.doi.org/10.1016/S0140-6736(09)62072-9
http://dx.doi.org/10.1001/jama.298.22.2644
http://dx.doi.org/10.1186/cc13995
http://dx.doi.org/10.1164/rccm.201203-0522OC
http://dx.doi.org/10.1164/rccm.201203-0522OC
http://dx.doi.org/10.1007/s00134-013-2830-2
http://dx.doi.org/10.1016/j.ijnurstu.2011.11.016
http://dx.doi.org/10.1097/CCM.0b013e31828a437d
http://dx.doi.org/10.1097/01.ccm.0000440107.42126.50
http://dx.doi.org/10.1097/CCM.0000000000002885
http://dx.doi.org/10.1097/CCM.0000000000002885
http://dx.doi.org/10.1016/j.chest.2017.05.041
http://dx.doi.org/10.1097/CCM.0000000000003928
ACEP%20Website,%20accessed%20June%203,%202020
http://dx.doi.org/10.1097/01.CCM.0000254334.46406.B3
http://dx.doi.org/10.1097/01.CCM.0000054868.93459.E1
http://dx.doi.org/10.1111/j.1478-5153.2006.00199.x
http://dx.doi.org/10.1111/j.1478-5153.2006.00199.x
http://dx.doi.org/10.1097/CCM.0000000000004708
http://dx.doi.org/10.1097/CCM.0000000000004708
http://dx.doi.org/10.1186/1472-6963-6-44
http://dx.doi.org/10.1056/NEJMra1208705
http://dx.doi.org/10.1513/AnnalsATS.201901-059PS
http://dx.doi.org/10.1513/AnnalsATS.201901-059PS
http://dx.doi.org/10.1037/0033-2909.86.2.420
http://dx.doi.org/10.1111/j.1365-2648.2007.04569.x
http://dx.doi.org/10.1111/j.1365-2648.2007.04569.x
http://dx.doi.org/10.1164/rccm.2107138
http://dx.doi.org/10.1001/jama.289.22.2983
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.032054
http://dx.doi.org/10.1016/j.jemermed.2010.02.024
http://dx.doi.org/10.1016/j.jemermed.2010.02.024
http://dx.doi.org/10.1136/bmjopen-2018-023423
http://dx.doi.org/10.1007/s12630-014-0174-1
http://dx.doi.org/10.1007/s12630-014-0174-1
http://dx.doi.org/10.1213/01.ANE.0000130261.90896.6C
http://dx.doi.org/10.1111/j.1365-2044.2010.06509.x
http://dx.doi.org/10.1186/cc8212
http://dx.doi.org/10.1001/jama.2012.13872
http://dx.doi.org/10.1001/jama.2012.304
http://dx.doi.org/10.1056/NEJMoa1904710

	A study protocol for a multicentre, prospective, before-­and-­after trial evaluating the feasibility of implementing targeted SEDation after initiation of mechanical ventilation in the emergency department (The ED-­SED Pilot Trial)
	Abstract
	Introduction﻿﻿
	Background and rationale

	Methods and analysis
	Study design
	Study population
	Screening and study initiation
	Patient and public involvement
	Interventions
	Data
	Outcomes
	Proposed statistical methods
	Sample size
	Anticipated results
	Data storage and management
	Ethics and dissemination
	Ethics approval

	Dissemination and data sharing
	Strengths and limitations
	Strengths

	Limitations

	References


