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SPECIAL ARTICLE

Society of Critical Care Medicine Clinical 
Practice Guidelines for Rapid Sequence 
Intubation in the Critically Ill Adult Patient
RATIONALE: Controversies and practice variations exist related to the pharma-
cologic and nonpharmacologic management of the airway during rapid sequence 
intubation (RSI).

OBJECTIVES: To develop evidence-based recommendations on pharmacologic 
and nonpharmacologic topics related to RSI.

DESIGN: A guideline panel of 20 Society of Critical Care Medicine members 
with experience with RSI and emergency airway management met virtually at least 
monthly from the panel’s inception in 2018 through 2020 and face-to-face at the 
2020 Critical Care Congress. The guideline panel included pharmacists, physi-
cians, a nurse practitioner, and a respiratory therapist with experience in emergency 
medicine, critical care medicine, anesthesiology, and prehospital medicine; consul-
tation with a methodologist and librarian was available. A formal conflict of interest 
policy was followed and enforced throughout the guidelines-development process.

METHODS: Panelists created Population, Intervention, Comparison, and 
Outcome (PICO) questions and voted to select the most clinically relevant ques-
tions for inclusion in the guideline. Each question was assigned to a pair of panel-
ists, who refined the PICO wording and reviewed the best available evidence using 
predetermined search terms. The Grading of Recommendations, Assessment, 
Development, and Evaluations (GRADE) framework was used throughout and 
recommendations of “strong” or “conditional” were made for each PICO question 
based on quality of evidence and panel consensus. Recommendations were pro-
vided when evidence was actionable; suggestions, when evidence was equivocal; 
and best practice statements, when the benefits of the intervention outweighed 
the risks, but direct evidence to support the intervention did not exist.

RESULTS: From the original 35 proposed PICO questions, 10 were selected. 
The RSI guideline panel issued one recommendation (strong, low-quality evi-
dence), seven suggestions (all conditional recommendations with moderate-, 
low-, or very low-quality evidence), and two best practice statements. The panel 
made two suggestions for a single PICO question and did not make any sugges-
tions for one PICO question due to lack of evidence.

CONCLUSIONS: Using GRADE principles, the interdisciplinary panel found 
substantial agreement with respect to the evidence supporting recommendations 
for RSI. The panel also identified literature gaps that might be addressed by future 
research.

KEY WORDS: etomidate; hypnotics and sedatives; intubation, intratracheal; 
ketamine; neuromuscular-blocking agents; propofol; rapid sequence induction 
and intubation; rocuronium; succinylcholine

The Society of Critical Care Medicine guidelines are intended for general 
information only, are not medical advice, and do not replace profes-
sional advice, which should be sought for any medical condition. The 
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full disclaimer for guidelines can be accessed at https://
sccm.org/Clinical-Resources/Guidelines/Guidelines. 
Controversies and practice variations exist related to 
pharmacologic and nonpharmacologic emergency 
airway management during rapid sequence intuba-
tion (RSI) (1, 2). Therefore, the American College of 
Critical Care Medicine (ACCM)’s Board of Regents 
established a guideline panel to review this topic and 
provide current, systematically developed, recommen-
dations to guide clinical practice.

Emergency airway management is complex and 
involves decision-making around devices chosen 
for laryngoscopy, medications used to facilitate in-
tubation, and management after intubation. A com-
mon strategy for emergency airway management is 
RSI, which is defined as the administration of a sed-
ative-hypnotic agent and a neuromuscular-blocking 
agent (NMBA) in rapid succession and with im-
mediate placement of an endotracheal tube before 
assisted ventilation (3, 4). RSI is indicated to: 1) re-
duce the risk of aspiration in at-risk patients (e.g., 
those with a full stomach, ileus or bowel obstruc-
tion, gastroesophageal reflux disease, and increased 
intra-abdominal pressure) and 2) optimize intubat-
ing conditions to reduce the occurrence rate of dif-
ficult or failed airways, esophageal tube placement, 
and complications.

For the purposes of these guidelines, we considered 
aspects directly related to RSI as pertinent, such as 
those that occur in the preoxygenation period before 
RSI and medication selection during RSI. For example, 
mask ventilation has historically been avoided with 
RSI to reduce the risk of regurgitation and aspiration 
of gastric contents, but mask ventilation may reduce 
the risk of critical hypoxemia. Common themes with 
conflicting opinions are 1) whether an induction agent 
should be used and 2) whether an NMBA should be 
used for emergency airway management in all criti-
cally ill patients. We addressed this with two questions 
involving use of only one pharmacologic agent (either 
a sedative-hypnotic agent or an NMBA) even though 
such a recommendation would deviate from the defi-
nition of RSI.

Awake intubations, difficult airway management, 
postintubation sedation, and ventilator management 
are outside the scope of work for these guidelines. All 
pharmacologic agents discussed in the guideline are 
administered via the IV route.

METHODS

Methods related to development of these guidelines 
can be accessed in Supplemental Digital Content 
(http://links.lww.com/CCM/H378).

TARGET PATIENT POPULATION FOR 
GUIDELINES

These guidelines are intended for clinicians who treat 
critically ill adult patients in the emergency depart-
ment (ED), ICU, or other locations outside the oper-
ating room (OR) and who require emergency airway 
management with endotracheal intubation using RSI.

RESULTS

This clinical practice guideline provides guidance with 
rationales for one recommendation, seven suggestions, 
and two best practice statements developed from 10 
Population, Intervention, Comparison, and Outcome 
(PICO) questions (Table 1). In one instance, a single PICO 
produced two suggestions, and, in another, the panel did 
not find sufficient evidence to answer one PICO ques-
tion. “Recommendations” were developed when evidence 
was actionable; “suggestions,” when evidence was equiv-
ocal; and “best practice statements,” when the benefits of 
the intervention outweighed the risks, but direct evidence 
to support the intervention did not exist. Evidence sum-
maries with citations of the sources that were evaluated 
using the Grading of Recommendations, Assessment, 
Development and Evaluations (GRADE) methodology, 
evidence gaps, and future research directions are detailed 
in each section (5, 6). Evidence profiles and summary of 
judgments are available in Supplemental Digital Content 
(http://links.lww.com/CCM/H378).

Positioning

Question 1: In critically ill adults undergoing RSI, is 
there a difference between the semi-Fowler (head and 
trunk inclined) position during intubation versus the 
supine position with respect to first-pass intubation 
success (FPS) or the incidence of oxygen desaturation 
or pulmonary aspiration?

Recommendation:
	 •		� We suggest use of the head and torso inclined (semi-

Fowler) position during RSI (conditional recommenda-
tion, very low quality of evidence).
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Rationale: RSI has traditionally been performed 
with the patient in neck flexion and head extension 
(“sniffing position”) or neutral head and neck posi-
tion (if concern for cervical spine injury) together with 
the torso parallel with the head and neck. However, 
authors of recently conducted studies have suggested 
that a head and trunk inclined (semi-Fowler) position 
may improve FPS through enhanced preoxygenation 
(denitrogenation) via increased functional residual ca-
pacity (FRC) and improved laryngeal view, and reduce 

the risk of clinically significant aspiration of passively 
regurgitated gastric contents. Seventeen studies were 
included that addressed this question (7–23).

Four observational studies, one randomized con-
trolled trial (RCT), and a meta-analysis reported FPS 
rates (7–12). Three of the four observational studies 
indicated a benefit from the semi-Fowler position on 
FPS (7–9), whereas the fourth found no difference 
compared with supine positioning (10). There was sub-
stantial heterogeneity in the definition of semi-Fowler 

TABLE 1.
Complete Recommendations and Suggestions for Clinical Practice Guidelines for Rapid 
Sequence Intubation in the Critically Ill Adult Patient

 Recommendation or Suggestion 
Strength of 

Recommendation 
Quality of 
Evidence 

1.Positioning We suggest use of the head and torso inclined (semi-Fowler) 
position during RSI

Conditional Very low

2.Preoxygenation We suggest preoxygenation with HFNO when laryngoscopy is 
expected to be challenging

Conditional Low

We suggest preoxygenation with NIPPV in patients with 
severe hypoxemia Pao2/Fio2 < 150

3.Medication-
assisted 
preoxygenation

We suggest using medication-assisted preoxygenation to 
improve preoxygenation in patients undergoing RSI who are 
not able to tolerate a face mask, NIPPV, or HFNO because 
of agitation, delirium, or combative behavior

Conditional Very low

4.Nasogastric tube 
decompression

We advise nasogastric tube decompression when the benefit 
outweighs the risk in patients who are undergoing RSI and 
are at high risk of regurgitation of gastric contents

Best practice 
statement

Ungraded

5.Peri-intubation 
vasopressors

There is insufficient evidence to make a recommendation that 
there is a difference in the incidence of further hypotension or 
cardiac arrest between the administration of peri-intubation 
vasopressors or IV fluids for hypotensive critically ill patients 
undergoing RSI

Insufficient evidence Not appli-
cable

6.Induction agent 
use

We advise administering a sedative-hypnotic induction agent 
when an NMBA is used for intubation

Best practice 
statement

Ungraded

7.Induction agent 
selection

We suggest there is no difference between etomidate and other 
induction agents administered for RSI with respect to mor-
tality or the incidence of hypotension or vasopressor use in 
the peri-intubation period and through hospital discharge

Conditional Moderate

8.Etomidate and cor-
ticosteroid use

We suggest against administering corticosteroids following RSI 
with etomidate for the purpose of counteracting etomidate-
induced adrenal suppression

Conditional Low

9.NMBA use We recommend administering an NMBA when a sedative-
hypnotic induction agent is used for intubation

Strong Low

10.NMBA selection We suggest administering either rocuronium or succinylcholine 
for RSI when there are no known contraindications to 
succinylcholine

Conditional Low

HFNO = high-flow nasal oxygen, NIPPV = noninvasive positive pressure ventilation, NMBA = neuromuscular-blocking agent, RSI = 
rapid sequence intubation.
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position, intubator experience, laryngoscopy tech-
nique, and patient subgroup exclusion among these 
observational studies. The single RCT showed that the 
semi-Fowler position, compared with the supine sniff-
ing position decreased the FPS rate (76.2% vs 85.4%, p =  
0.02), increased the incidence of Cormack-Lehane 
grade 3 or 4 laryngoscopic view (25.4% vs 11.5%, p =  
0.01), and increased the rate of difficult intubation (lar-
yngoscopy attempts ≥ 3; 12.3% vs 4.6%, p = 0.04) (12). 
Limitations of the RCT include unprotocolized and 
variable incline degree with the semi-Fowler position, 
intubations performed by trainees, and the confound-
ing use of direct laryngoscopy in 75% of first-pass 
attempts. The pooled risk ratio in the meta-analysis 
(three studies, n = 513) for semi-Fowler versus the su-
pine sniffing position was 0.97 (95% CI, 0.86–1.09; I2 =  
55%) but failed to demonstrate that the semi-Fowler 
position was more favorable compared with supine 
positioning (12).

Two observational studies (7, 10) and one RCT (11) 
reported oxygen desaturation and pulmonary aspira-
tion rates. The semi-Fowler position reduced oxygen 
saturation in the observational studies, and in one 
study reduced aspiration compared with the supine 
position (10). The RCT did not find a difference be-
tween groups for either oxygen desaturation or aspi-
ration. Differences in the definition of semi-Fowler 
position, intubator experience, laryngoscopy type, and 
patient subgroup exclusion contributed to substantial 
heterogeneity among studies.

Evidence from a cadaveric study (13), simula-
tion trials (14, 15), and surgical patients in the OR 
(16–23) suggest that the semi-Fowler position is 
beneficial for improving several intubation-related 
outcomes, including laryngoscopic view (16–20), 
time-to-intubation (14, 15), intubation success (20), 
and time-to-oxygen desaturation (defined as 92% and 
95%, respectively, in these studies) (21, 22). In addi-
tion, studies in noncritically ill patients showed a ben-
efit with the semi-Fowler position in patients at risk 
for experiencing difficult intubation (20), including 
those with morbid obesity (17, 18, 22), and patients 
at increased risk for aspiration (23). However, none of 
these studies specifically examined the semi-Fowler 
position in critically ill patients with these conditions.

The panel determined that head and torso inclined, 
semi-Fowler position was feasible in most critically 
ill patients undergoing RSI. Special caveats include 

patients requiring spine immobilization, a situation in 
which repositioning for airway management remains 
unstudied. There is no cost associated with using the 
semi-Fowler position, and resources for implementa-
tion are likely available in most critical care venues. 
Lastly, semi-Fowler positioning does not preclude 
incorporation of other optimization techniques and 
maneuvers, such as the sniffing position.

Evidence Gaps: Future studies should further ex-
plore the effectiveness of the semi-Fowler position on 
meaningful intubation-related outcomes in critically 
ill patients, including laryngoscopy view, FPS rate, and 
the incidence of oxygen desaturation and pulmonary 
aspiration. Further evaluation to ascertain optimal pa-
tient prepositioning and the benefits and risks of the 
semi-Fowler position in select subgroups of critically 
ill patients (e.g., patients with morbid obesity, hypox-
emic respiratory failure, increased aspiration risk; 
those who are pregnant or require spine immobiliza-
tion; and patients who have features associated with 
difficult intubation) is a reasonable next step. To avoid 
the effects of confounding, future studies of the semi-
Fowler position should standardize critical variables, 
including the angle of semi-Fowler positioning, intu-
bator experience, laryngoscopy technique, and bougie 
and tracheal tube stylet configuration. Such studies 
should avoid the risk of bias by using control groups, 
allocation concealment, and blinding, if possible.

Preoxygenation

Question 2: In critically ill adults undergoing planned 
RSI, is there a difference preoxygenating with high-
flow nasal oxygen (HFNO) (with or without apneic 
oxygenation) versus using face-mask preoxygenation, 
bag-mask ventilation, or noninvasive positive pres-
sure ventilation (NIPPV) with respect to occurrence 
of desaturation, gastric insufflation, or pulmonary 
aspiration risk?

Recommendation:
	 •		� We suggest preoxygenation with HFNO when laryngos-

copy is expected to be challenging (conditional recom-
mendation, low quality of evidence).

	 •		� We suggest preoxygenation with NIPPV in patients with 
severe hypoxemia Pao2/Fio2 of less than 150 (conditional 
recommendation, low quality of evidence).

Rationale: Critically ill patients are at high risk 
of experiencing desaturation, particularly during 
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prolonged intubations; thus, preoxygenation is re-
quired to prolong the duration of apnea without de-
saturation (i.e., safe apnea time). Advanced methods 
of preoxygenation before RSI are often required in 
patients with acute hypoxemic respiratory failure be-
cause they often have reduced FRC and increased 
ventilation:perfusion mismatch that reduces the effi-
cacy of preoxygenation. HFNO provides heated and 
humidified oxygen at high-flow rates when using a 
high-flow nasal cannula system (e.g., Vapotherm, 
Optiflow) at 100% oxygen. HFNO is often proposed 
as an option for preoxygenation in critically ill patients 
because of the physiologic benefits that mimic NIPPV 
(e.g., end-expiratory lung volume expansion) and be-
cause a continuous flow of oxygen can be maintained 
to provide apneic oxygenation during laryngoscopy. 
However, concerns exist that continuous oxygen flow 
of 40–60 L throughout the respiratory cycle may lead 
to gastric insufflation, which may increase the risk of 
regurgitation and aspiration. Thirteen studies were in-
cluded to address this question (24–36).

Eight studies reported oxygen desaturations of less 
than 80% (24–31). One prospective before-and-after 
study reported a 14% incidence of desaturation in the 
face-mask group and 2% in the HFNO group, with 
HFNO as an independent predictor of preventing de-
saturation of less than 80% (adjusted odds ratio: 0.17; 
95% CI, 0.01–0.90; p = 0.04) in a multivariable regres-
sion model (24). Another multicenter RCT of patients 
with more severe underlying hypoxemia (Pao2/Fio2 
ratio < 150) reported a 25.8% incidence of desaturation 
for HFNO and 22.3% for face-mask oxygenation (25). 
A retrospective analysis of prospectively collected data 
reported a 23% incidence of desaturation for HFNO, 
compared with 2.5% for NIPPV; however, none of the 
patients who received HFNO desaturated to less than 
70%, compared with 13% of the patients who received 
NIPPV (26). One recent trial demonstrated desatura-
tion rates of 27% with HFNO and 23% with NIPPV; 
among patients with a Pao2/Fio2 ratio of less than 200, 
desaturation rates were 35% with HFNO and 24% with 
NIPPV (27). Another trial demonstrated desaturation 
rates of 2% with HFNO and 8% with HFNO and face 
mask (28).

Nine studies evaluated desaturation as an outcome, 
but most evaluated the lowest oxygen saturation (24, 
27–29, 32–36). Several studies reported no desatura-
tions of less than 90% (32–34), whereas some studies 

showed no difference in lowest saturation (29, 35). 
One study showed no difference in the lowest satu-
ration: 12% desaturated to less than 93% in the face-
mask group, whereas, all patients in the HFNO group 
maintained an oxygen saturation of greater than 
93% (35). Two case series reported apnea times (34, 
36). Two studies reported reduced desaturation rates 
with HFNO (24, 28), whereas, a retrospective review 
of data from a clinical trial showed increased desatu-
ration rates with HFNO (27). Desaturation appeared 
to be prevented, or at least attenuated, when HFNO 
was used, as compared with alternatives. In general, 
the saturation cutoffs were arbitrary numbers. What 
appears important is that HFNO seemed to reduce the 
occurrence rate of desaturation, prolonged safe apnea 
times, and overall limited the degree of desaturation 
compared with studies of preoxygenation with a face 
mask, but not necessarily when compared with studies 
in which NIPPV was used.

Seven studies reported gastric insufflation or aspi-
ration, either directly or when included as a “moderate 
complication” (24, 25, 27, 28, 30, 33, 35). In general, 
based on very low-quality evidence, it appears as 
though HFNO does not affect aspiration risk.

Eight studies reported rates of cardiac arrest (or se-
vere cardiovascular collapse) or severe complications, 
including cardiac arrest (24, 25, 27, 28, 30, 31, 33, 34). 
In general, all are very low quality of evidence; there-
fore, no conclusions could be drawn.

Overall, in patients with severe hypoxemia, NIPPV 
appears to have the strongest evidence for decreas-
ing the incidence of critical desaturation during RSI. 
However, HFNO provides the added benefit of con-
tinued oxygen flow into the nasopharynx during lar-
yngoscopy. With the recent increased use of HFNO in 
patients with severe acute respiratory syndrome coro-
navirus 2 infections, many healthcare providers have 
gained experience with, and hospitals have purchased, 
HFNO equipment. However, in some places, providing 
HFNO may require new equipment and resources but 
is no less resource-intensive than the best alternative, 
NIPPV. Many rural hospitals and essentially all pre-
hospital and interfacility transport services cannot 
provide HFNO due to oxygen-capacity limitations. We 
considered HFNO to be feasible in all other settings.

Evidence Gaps:. Definitive research is not feasible 
to determine the optimal method of preoxygenation in 
patients with difficult airways, prolonged laryngoscopy, 
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or severe acute hypoxemic respiratory failure. In some 
cases, such as evaluating HFNO in patients with diffi-
cult or prolonged intubations, a randomized trial with 
the outcome of duration until desaturation occurred 
would be unethical in this population. However, evi-
dence is needed on how to optimize each preoxygen-
ation option to stratify patients based on their risk of 
desaturation. None of the published studies directly 
evaluated FPS rate as an outcome, and there was sig-
nificant heterogeneity in how success was reported. 
Studies with the outcome of desaturation had higher-
quality data. However, there was substantial hetero-
geneity in the patient population that was included in 
the studies and in the severity of hypoxemia, making a 
global assessment difficult. The strongest evidence sug-
gests that, in patients with the most severe hypoxemia 
that needs to be escalated to a noninvasive support mo-
dality for preoxygenation, NIPPV appears to decrease 
the incidence of critical desaturation during RSI.

Medication-Assisted Preoxygenation

Question 3: In critically ill adults in whom RSI is 
planned but are agitated, delirious, or uncooperative, 
is there a difference between medication-assisted pre-
oxygenation versus usual care with face-mask preoxy-
genation, assisted mask ventilation, NIPPV, or HFNO 
with respect to the incidence of desaturation or hemo-
dynamic instability?

Recommendation:
	 •		� We suggest using medication-assisted preoxygenation to 

improve preoxygenation in patients undergoing RSI who 
are not able to tolerate a face mask, NIPPV, or HFNO be-
cause of agitation, delirium, or combative behavior (con-
ditional recommendation, very low quality of evidence).

Rationale: Preoxygenation is one of the critical steps 
in airway management to improve the safety of RSI. To 
appropriately preoxygenate patients, the FRC must be 
denitrogenated, which requires a high concentration 
of oxygen delivered commonly via a tight-fitting face 
mask, face mask with “flush-rate” oxygen, or HFNO 
system. These methods of preoxygenation generally 
demand a compliant patient who can tolerate the ox-
ygen delivery device. Preoxygenation, therefore, may 
be challenging in delirious, agitated, or uncooperative 
patients. Thus, the clinician must decide whether or 
not to use sedative-hypnotic medications to facilitate 
preoxygenation. Medication-assisted preoxygenation, 

sometimes referred to as delayed sequence intubation, 
is the latter process, which modifies RSI so that the sed-
ative-hypnotic agent and NMBA are not administered 
in rapid succession, but a sedative-hypnotic agent is 
administered to facilitate preoxygenation and once the 
clinician is satisfied that the patient is adequately pre-
oxygenated, then the NMBA is administered followed 
by intubation. Data are sparse comparing medication-
assisted preoxygenation with other available methods, 
especially in patients who are hypoxemic.

Two observational studies evaluating the change 
in oxygen saturation before and after the administra-
tion of a sedative-hypnotic medication were identi-
fied to address this question (37, 38). The first was a 
multicenter observational study conducted in the ED 
that reported a mean oxygenation saturation increase 
of 8.9% (95% CI, 6.4–10.9%) after ketamine infusion 
(initial dose 1 mg/kg with 0.5 mg/kg doses until a disso-
ciative state was achieved; mean total dose 1.4 mg/kg) 
and therefore a higher oxygen saturation level at the 
time of NMBA administration (98.9% compared with 
89.9%) (37). The second was a retrospective observa-
tional study in a helicopter-based emergency medical 
service unit that reported intubation-related outcomes 
(85% FPS rate, 5% desaturation rate, 5% hypotension 
rate) with ketamine 1.5 mg/kg (3 min before NMBA ad-
ministration), but there was no comparison group (38).

Although the overall body of literature is of very 
low quality, medication-assisted preoxygenation may 
be useful in a select group of high-risk patients who 
cannot tolerate a face mask, NIPPV, or HFNO. There 
is insufficient evidence to suggest using medication-
assisted preoxygenation for any other critically ill 
patient population. Medication-assisted preoxygen-
ation can be implemented using currently available 
equipment.

Evidence Gaps: Research is needed to fully elucidate 
the optimal role of medication-assisted preoxygen-
ation for critically ill patients, the ideal medication for 
this indication, and the most efficacious and safe med-
ication doses. Specifically, the scope of the problem 
involving agitated, delirious, or uncooperative patients 
that do not tolerate preoxygenation should be evalu-
ated and procedurally related outcomes, such as FPS, 
desaturation, aspiration, hemodynamic instability, and 
cardiac arrest rates, assessed. Additionally, although 
ketamine was used for medication-assisted preoxygen-
ation at induction doses in the two studies identified, 
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other pharmacologic agents or combinations of phar-
macologic agents (e.g., dexmedetomidine, fentanyl, 
remifentanil) may warrant investigation. Within these 
investigations, considerations of adequate induction 
with the use of an NMBA to prevent awareness with 
paralysis must be acknowledged.

Nasogastric Tube Decompression

Question 4: In critically ill adults who are undergoing 
RSI and are at high risk of aspirating, is there a dif-
ference between nasogastric tube (NGT) gastric de-
compression before intubation versus standard of care 
(without NGT intervention) with respect to the inci-
dence of vomiting/aspiration?

Best practice statement:
	 •		� We advise NGT decompression when the benefit out-

weighs the risk in patients who are undergoing RSI and 
are at high risk of regurgitation of gastric contents.

Rationale: Gastric decompression with an NGT 
before RSI was an important component in the de-
scription of RSI by Stept and Safar (39) and has been 
used by others to reduce the risk of aspiration during 
RSI, although variation in practice exists (3, 40–42). 
However, the benefit of gastric decompression be-
fore RSI has not been evaluated in high-quality clin-
ical trials. When the stomach is decompressed with an 
NGT, the intragastric pressure and the gastric content 
volume may be decreased, hence, lowering the likeli-
hood and severity of emesis and pulmonary aspira-
tion during RSI (43). In patients with a full stomach 
or gastric distention, a clinical assessment, in addi-
tion to point-of-care ultrasound, can help to deter-
mine the need for and effectiveness of NGT (44–46). 
The literature suggests an increased risk of regurgita-
tion when point-of-care ultrasound demonstrates the 
presence of solid gastric contents, an estimated total 
gastric fluid volume greater than 1.5 mL/kg (with the 
patient in the right lateral decubitus position), or the 
presence of clear fluids (with the patient in both supine 
and lateral decubitus positions) (46). Complications of 
NGT insertion, including nasal bleeding, gagging and 
vomiting, esophageal perforation, and tracheal place-
ment can occur and should be factored into the deci-
sion-making process (47).

In patients at high risk of regurgitation (i.e., full sto-
mach or intestinal obstruction) during RSI, and when 
risks are not prohibitive, insertion of an NGT and 

decompression of the stomach before RSI should be 
considered. Because the use of an NGT does not guar-
antee removal of all gastric contents, RSI should pro-
ceed with the assumption that the stomach will not be 
completely empty. Resources required for gastric de-
compression are readily available in most critical care 
settings, and the costs are negligible and should not 
affect implementation.

Evidence Gaps: Further evaluation is warranted 
to clarify the risks and benefits of gastric decompres-
sion in general and in select subgroups of critically ill 
patients (e.g., those with morbid obesity, who are preg-
nant, in whom difficult intubation is anticipated, who 
have coagulopathy).

Peri-intubation Vasopressors

Question 5: In critically ill hypotensive adults under-
going RSI, is there a difference when peri-intubation 
vasopressors are administered, by infusion or bolus 
dose, versus fluid resuscitation alone with respect to 
the incidence of hypotension and cardiac arrest?

Recommendation:
	 •		� There is insufficient evidence to make a recommendation 

that there is a difference in the incidence of further hy-
potension or cardiac arrest between the administration 
of peri-intubation vasopressors or IV fluids for hypo-
tensive critically ill patients undergoing RSI (insufficient 
evidence).

Rationale: Peri-intubation hypotension is associ-
ated with ICU mortality (2). Preventing and managing 
hypotension in this setting has received significant 
attention, but the best evidence-based intervention 
has yet to be defined. Four studies were included for 
evaluation to address this question (48–51). It should 
be noted that there were no studies identified that di-
rectly evaluated vasopressors compared with fluid ad-
ministration in hypotensive, critically ill adult patients, 
undergoing RSI.

One prospective trial (48), and two retrospec-
tive studies (49, 50) reported blood pressure changes 
with vasopressor use in the peri-intubation period 
(given preintubation, intraintubation, or postintuba-
tion). These studies were in the ED and ICU settings 
and used bolus doses of phenylephrine 50–200 µg or 
ephedrine 5–25 mg (48, 49) or continuous infusions 
of norepinephrine, epinephrine, vasopressin, dopa-
mine, or phenylephrine as part of an eight-component 
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intubation bundle (50). Two studies noted improve-
ment in blood pressure after vasopressor bolus admin-
istration (48, 49). A retrospective review of data from 
20 patients who were administered bolus doses of 
phenylephrine in the peri-intubation period in the ED 
report increased systolic blood pressure (SBP) and di-
astolic blood pressure (DBP) without a significant in-
crease in heart rate (HR) (48). A retrospective study of 
146 patients who received bolus-dose phenylephrine 
or ephedrine found a 32.5% increase in SBP and 27.2% 
increase in DBP following bolus administration (49). 
However, only 59.6% of patients in this study received 
a vasopressor bolus specifically for peri-intubation 
hypotension and the remaining administrations were 
for transient hypotension outside of the RSI setting. 
A total of 27.9% of patients received concurrent fluid-
bolus administration in addition to bolus vasopressors, 
thus confounding the results. One study evaluated 
vasopressor use as part of a peri-intubation bundle, 
resulting in a 12.6% reduction in peri-intubation com-
plications (50); however, this study did not assess va-
sopressor use in isolation or specifically measure the 
effect on hypotension or cardiac arrest.

Two studies evaluated the occurrence rate of cardiac 
arrest; one was the before-and-after trial of an intuba-
tion bundle that included vasopressors and fluids and 
the other was an RCT of a 500 mL crystalloid bolus 
versus no bolus (50, 51). Neither study identified a 
difference in cardiac arrest rate; 6.5% (n = 9/138) in 
the bundle group versus 5.1% (n = 7/137) in the no 
bundle group and 4.2% (n = 7/168) in the crystalloid 
bolus group versus 1.2% (n = 2/169) in the no crystal-
loid bolus group (50, 51).

The recently published PREPARE II trial warrants 
mention although it was published outside of the date 
range for inclusion and does not strictly meet criteria as 
patients were not hypotensive (52). This randomized, 
controlled, multicenter trial of critically ill patients 
undergoing RSI (n = 1,067) showed that a crystalloid 
fluid bolus alone failed to prevent cardiovascular col-
lapse (defined as a combined endpoint of hypotension 
requiring vasopressors, cardiac arrest, or death) when 
compared with no fluid bolus. There was no compar-
ison with vasopressor use and again, the study was 
not conducted in a hypotensive population. One ad-
ditional trial, INTUBE, also published outside of the 
date range for inclusion also warrants mention (53). 
This was a multicenter, prospective cohort study of 

critically ill patients (n = 2,760) undergoing endotra-
cheal intubation, but was not restricted to those with 
hypotension and therefore does not strictly meet crite-
ria for this question. Nonetheless, this evaluation iden-
tified that vasopressors (OR 1.33; 95% CI, 0.84–2.11) 
or fluid boluses (OR 1.17; 95% CI, 0.96–1.44) admin-
istered before induction did not reduce the occurrence 
rate of cardiovascular instability/collapse (defined as 
one of the following events occurring within 30 min 
from the start of the intubation procedure: systolic ar-
terial pressure < 65 mm Hg once, systolic arterial pres-
sure < 90 mm Hg for > 30 min, new requirement for, 
or increase of vasopressors, fluid bolus > 15 mL/kg, or 
cardiac arrest).

Although the literature reviewed demonstrated 
that vasopressors may increase mean arterial pressure 
(MAP), some of these studies were not representa-
tive of a critically ill, hypotensive population and no 
studies that solely investigated the use of vasopressors 
concluded that they had a clinically significant hemo-
dynamic impact, resulted in improved outcomes, or 
decreased the incidence of cardiac arrest associated 
with RSI. Furthermore, administration of vasopres-
sors to mitigate the hypotensive effects of RSI medica-
tions may be unnecessary in the setting of a reactive 
sympathetic response to airway instrumentation (54). 
Because a definitive relationship between the use of 
vasopressors and improved patient outcomes has not 
been demonstrated in the peri-intubation period, we 
cannot be certain that the desirable effects outweigh 
the undesirable ones. Also, we were unable to iden-
tify any studies that evaluated vasopressors compared 
with fluid administration to ascertain the effect on 
outcomes.

Regardless, bolus-dose vasopressors are being in-
creasingly used in this setting, but are associated with 
a high rate of medication errors (commonly incorrect 
dose or inappropriate use [e.g., use during continuous 
infusion vasopressor administration or during a nor-
motensive state]) and adverse effects, mostly related 
to excessive increases in SBP and HR (49). Techniques 
to promote stable induction should also be optimized 
(i.e., appropriate resuscitation before RSI, if possible, 
and consideration of an induction agent with less risk of 
hypotension) (54). If bolus dose vasopressors are used, 
they should be reserved for use by clinicians who are 
familiar with the medications and doses that are used 
and ideally in collaboration with clinical pharmacists 
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to reduce the risk of medication errors (49, 55, 56). 
Furthermore, medication best practice standards in-
dicate that bolus-dose vasopressors be brought to the 
bedside in commercially prepared, prefilled syringes to 
reduce the risk of concentration errors and medication 
contamination (57).

Evidence Gaps: Future studies are needed to di-
rectly compare the use of vasopressors (bolus dose 
or continuous infusion) to IV fluid boluses to assess 
the effects on worsening hypotension or cardiac arrest 
in critically ill, hypotensive patients, undergoing RSI. 
Additional studies are needed to determine the appro-
priate vasopressor medication, the optimal peri-intu-
bation dose, and whether bolus doses or continuous 
infusions are safer and more effective. Further, some 
populations, such as patients with preexisting right 
heart failure, pulmonary hypertension, or other phys-
iology bearing special attention, may require different 
interventions.

Induction Agent Use

Question 6: In critically ill adults with hemodynamic 
instability and with a depressed level of consciousness 
who are undergoing endotracheal intubation, is there 
a difference between administration of a sedative-
hypnotic agent with an NMBA versus an NMBA alone 
with respect to the incidence of cardiovascular collapse 
or awareness during paralysis in the peri-intubation 
period?

Best practice statement:
	 •		� We advise administering a sedative-hypnotic induction 

agent when an NMBA is used for intubation.

Rationale: The purpose of using a sedative-hypnotic 
agent during RSI is to induce unconsciousness before 
inducing neuromuscular blockade. In minimally 
conscious, or unconscious, hemodynamically unstable 
critically ill patients, there is concern that the use of 
a sedative-hypnotic agent may worsen hypotension or 
cause cardiac arrest in patients who are hemodynami-
cally unstable. One secondary analysis of a prospective 
observational study of patients treated in 13 Japanese 
EDs was included to address this question (58). This 
study evaluated intubation with only an NMBA (n = 
114) versus a sedative-hypnotic agent administered 
with an NMBA (n = 738). The primary outcome of 
this study was FPS, but the intubation success within 

two attempts and adverse events (cardiopulmonary 
arrest, esophageal intubation, main bronchial intuba-
tion, lip or dental trauma, vomiting, airway trauma, 
arrhythmia, hypotension, hypoxemia, and death) were 
also reported. There was no difference in the rate of ad-
verse events—11% in patients who received an NMBA 
only versus 12% who received an induction agent with 
an NMBA, but the rates of certain individual adverse 
events, such as cardiopulmonary arrest, were not re-
ported. Also, the specific time period of intubation-
related adverse events was only defined as “during or 
after intubation,” making it difficult to interpret cau-
sation. Neither patient awareness nor preintubation 
conditions were evaluated. Also, there was no analysis 
evaluating hemodynamically unstable patients.

Although no studies are available to evaluate patient 
awareness in the setting of using an NMBA only for 
intubation, there have been reports of awareness when 
an NMBA is used during general anesthesia. Also, a 
recent, prospective, observational study identified an 
incidence of awareness of 2.6% (10/383) in patients 
intubated in the ED (59). In this study, most patients 
who had awareness of paralysis received a short-acting 
sedative-hypnotic induction agent and long-acting 
NMBA. These results make the situation of using an 
NMBA only without an induction agent even more 
concerning. No studies have been conducted in crit-
ically ill patients with hemodynamic instability or an 
altered level of consciousness in which an NMBA was 
administered alone compared with a sedative-hypnotic 
agent and an NMBA. Insufficient data are available to 
evaluate whether the incidence of cardiovascular col-
lapse changes or harm resulting from awareness exists 
when an NMBA is used alone. Given the widespread 
availability, low cost, and acceptance into clinical prac-
tice, there is no reason to deviate from the practice 
of administering a sedative-hypnotic agent with an 
NMBA in critically ill patients for RSI.

Evidence Gaps: Because of the concern for cardio-
vascular collapse in the peri-intubation period during 
RSI, this is an important clinical question. However, 
due to the nature of the patient population (criti-
cally ill, hemodynamically unstable, altered level of 
consciousness) and ethical concerns regarding with-
holding a sedative-hypnotic agent when an NMBA is 
administered for intubation, it is likely that only ret-
rospective studies are feasible, which would have in-
herent selection bias. Research focused on lower doses 
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of induction agents may be more feasible and accepted. 
Any study evaluating this question should include an 
evaluation of patient awareness.

Induction Agent Selection

Question 7: In critically ill adults undergoing RSI, is 
there a difference between etomidate versus other in-
duction agents (e.g., ketamine, midazolam, propofol) 
with respect to mortality or the incidence of hypoten-
sion or vasopressor use in the peri-intubation period 
and through hospital discharge?

Recommendation:
	 •		� We suggest there is no difference between etomidate and 

other induction agents administered for RSI with respect 
to mortality or the incidence of hypotension or vaso-
pressor use in the peri-intubation period and through 
hospital discharge (conditional recommendation, mod-
erate quality of evidence).

Rationale: Peri-intubation hypotension is a com-
mon event in critically ill patients (2). Hypotension 
associated with RSI has been associated with organ 
dysfunction, prolonged duration of mechanical ven-
tilation, prolonged ICU stay, and increased mortality 
(2). Therefore, the selection of a sedative-hypnotic 
agent that attenuates hypotension during RSI is desir-
able. Etomidate has a favorable hemodynamic profile; 
however, there are concerns with its use in critically ill 
patients because it is known to inhibit 11-beta-hydrox-
ylase. Whether etomidate-induced adrenal enzyme in-
hibition results in hypotension, increased vasopressor 
use, and increased mortality in the peri-intubation and 
postintubation period is unknown. Ketamine may be 
a reasonable option for RSI because of its quick onset 
and short duration of action, its preservation of res-
piratory drive, and its sympathomimetic properties. 
However, in critically ill patients with depleted cate-
cholamine stores, there is concern for hypotension and 
cardiac arrest. Midazolam may be less desirable for 
RSI as it has a longer onset of action compared with 
etomidate and ketamine and is a potent venodilator at 
RSI doses. Propofol, although having a quick onset and 
short duration of action, has the most profound effect 
on blood pressure, which may limit its use in critically 
ill patients. Nine studies were included for evaluation 
to address this question (60–69).

Three studies were evaluated for the outcome of mor-
tality (60–62). A Cochrane review and meta-analysis 

comparing bolus-dose etomidate with other induc-
tion agents for RSI in critically ill patients evaluated 
mortality and vasopressor requirements in RCTs pub-
lished before 2015 (60). Therefore, we only included 
additional studies that evaluated mortality and vaso-
pressor use that were published after the Cochrane re-
view. The Cochrane review analyzed six studies (n =  
772 patients) and did not show increased mortality 
with etomidate (0.2–0.3 mg/kg) when used as a single 
dose for RSI, compared with other induction agents, 
OR 1.17 (95% CI, 0.86–1.60) (moderate quality of evi-
dence) (61). Two retrospective reviews of patients with 
major trauma who required RSI were also evaluated 
(61, 62). The first study compared outcomes in 116 
patients who were administered etomidate (0.3 mg/
kg or 0.15 mg/kg in patients with hemodynamic com-
promise) and succinylcholine (1.5 mg/kg) and in 145 
patients who were administered fentanyl (3 µg/kg), 
ketamine (2 mg/kg), and rocuronium (1 mg/kg) in a 
prehospital setting (61). No difference in mortality was 
found (19% mortality in each group, OR 0.98; 95% CI, 
0.51–1.87). In a separate before-and-after study con-
ducted over a 4-year period following an institutional 
protocol change from etomidate (0.3 mg/kg) (n =  
526) to ketamine (1–2 mg/kg) (n = 442), there was no 
difference in hospital mortality (20% vs 17%; OR 1.41; 
95% CI, 0.92–2.16) (62). In addition, a recently pub-
lished meta-analysis of 29 studies evaluated the rela-
tionship of etomidate with 28-day mortality, and the 
relationship between mortality and severity of illness 
scores (63). The use of etomidate was associated with 
an increased overall mortality rate (rr = 1.09; 95% CI, 
1.04–1.29) and a meta-regression showed a progres-
sive relative risk of mortality associated with increas-
ing severity of illness. It is difficult to interpret these 
data; of the 29 studies included in the meta-analysis, 
only 5 were RCTs (of the remaining, 9 were post hoc 
analyses and 15 were retrospective evaluations). Three 
of the five RCTs were also included in the Cochrane 
analysis described above, and 26 of the 29 studies were 
published within the timeframe to be screened for in-
clusion in the Cochrane review. Of the other three, two 
are incorporated into the discussion below (64, 65), 
and the other study was an evaluation of two differ-
ent hydrocortisone regimens in septic shock patients 
and was not pertinent to the question. Overall, these 
data are limited by selection bias, which may affect 
both mortality and the severity of illness correlation. 
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One other study published outside of the Cochrane 
Review’s inclusion timeframe assessed etomidate (0.2–
0.3 mg/kg) compared with ketamine (1–2 mg/kg) in 
a prospective, randomized, open-label single-center 
study (66). Seven-day survival but not 28-day survival 
was higher in those patients randomly assigned to ke-
tamine, although there is no clear explanation for why 
this was observed. Duration of mechanical ventilation, 
ICU length of stay, rates of vasopressor use and du-
ration, Sequential Organ Failure Assessment (SOFA) 
score, and rates of new diagnoses of adrenal insuffi-
ciency were not different between groups.

Seven studies evaluated hypotension during the peri-
intubation period or during hospitalization (61, 64, 
67–71). In a single-center, propensity score-matched 
evaluation of patients with sepsis, clinical hypoten-
sion (defined as MAP decrease > 40% from baseline, 
MAP < 60 mm Hg, initiation of a vasopressor, or an 
increase of > 30% of a vasopressor infusion) occurred 
in 51% of patients who received ketamine (1.3–2.2 mg/
kg) and in 73% of patients who received etomidate 
(0.2–0.4 mg/kg) (OR 0.39; 95% CI, 0.22–0.67) (64). 
At 6–12 hours and 12–24 hours after RSI, the etomi-
date group had significantly lower MAPs, compared 
with the ketamine group. Interestingly, more patients 
in the ketamine group had septic shock, had higher 
SOFA scores, and received benzodiazepines, and 
more patients in the etomidate group received opi-
oids at the time of intubation. Conversely, two evalu-
ations of National Emergency Airway Registry data 
showed higher rates of hypotension with ketamine, 
as compared with etomidate (67, 68). An evaluation 
of 140 patients with sepsis undergoing RSI with keta-
mine (median dose: 100 mg [interquartile range {IQR} 
72.2–150 mg]) compared with 363 patients with sepsis 
receiving etomidate (median dose: 20 mg [IQR 15–20 
mg]) found that post-RSI hypotension occurred more 
frequently in the ketamine group even after a propen-
sity-adjusted analysis, (OR 2.7; 95% CI, 1.1–6.7) (67). 
Similarly, peri-intubation hypotension rates in patients 
in the ED undergoing RSI were 18.3% and 12.4% in 
those receiving ketamine (n = 738) and etomidate (n =  
6,068), respectively (68). Patients in the ketamine 
group were more likely to have difficult airway char-
acteristics, to undergo intubation with video laryngos-
copy, and to have a higher risk for hypotension (OR 
1.4; 95% CI, 1.2–1.7). More recent, less-rigorously con-
ducted trials compared etomidate (dose varied based 

on the study 0.2 mg/kg ± 0.1, mean: 21 mg ± 6) with 
ketamine, propofol (mean: 127 mg ± 5 mg), thiopental 
(dose not available), and methohexital (mean: 1 mg/kg 
± 0.2) for RSI and did not show a higher rate of hypo-
tension in critically ill or acutely injured patients (61, 
69–71). Overall, these studies were dissimilar in regard 
to patient populations and had significant limitations, 
such as being retrospective, unblinded, nonrandom-
ized, and self-reporting. The recently published sec-
ondary analysis of the INTUBE trial warrants mention 
although it was published outside of the date range 
for inclusion (53). This study showed that propofol 
administered as a sedative-hypnotic agent for RSI in 
critically ill patients was associated with significantly 
higher adjusted odds of cardiovascular collapse in 
multivariate analysis and increased odds of mortality.

Two studies were evaluated for vasopressor require-
ments (60, 65). One study of 469 patients was included 
in the Cochrane review and no difference in the du-
ration of vasopressor use was found (60). Similarly, a 
small RCT of 79 patients in the ICU who received a 
ketamine/propofol mixture (0.5 mg/kg of each) and 73 
who received etomidate (0.15 mg/kg) found no differ-
ence in immediate or delayed vasopressor use between 
groups (65).

Taken as a whole, there was no significant difference 
between etomidate and other induction agents in the 
most important outcome, mortality. In addition, most 
studies demonstrated favorable peri-intubation hemo-
dynamics with etomidate. Because etomidate is often 
readily available, clinicians have experience with its 
use, and it has a low cost, it is a reasonable RSI induc-
tion agent for critically ill patients.

Evidence Gaps: Because of the lack of evidence 
that etomidate-induced adrenal insufficiency causes 
negative clinical outcomes, additional research fo-
cused on this topic may be redundant. Patients with 
certain underlying diseases may be more susceptible 
to long-term outcomes of hypothalamus-pituitary-
adrenal axis suppression; however, this has not been 
studied adequately. Also, a correlation between mor-
tality rates and degree of severity of illness following 
etomidate administration is hypothesis generating for 
a prospective evaluation. Although it is challenging to 
design a blinded trial due to the pharmacodynamic 
effects of some induction agents, such a trial may help 
adequately answer further questions related to RSI 
sedative-hypnotic agents. Lastly, the optimal doses of 
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sedative-hypnotic agents in critically ill patients are 
unknown and require additional investigation.

Etomidate and Corticosteroid Use

Question 8: In critically ill adults who receive etomi-
date for induction during RSI, is there a benefit to 
the coadministration of corticosteroids with respect 
to mortality, vasopressor use, risk of infection, mul-
tiple organ dysfunction, ventilator days, or ICU length 
of stay?

Recommendation:
	 •		� We suggest against administering corticosteroids follow-

ing RSI with etomidate for the purpose of counteracting 
etomidate-induced adrenal suppression (conditional 
recommendation, low quality of evidence).

Rationale: As previously mentioned, it is known 
that etomidate inhibits 11-beta-hydroxylase, an impor-
tant enzyme in steroidogenesis. However, it is unclear 
if exogenous corticosteroids are a reasonable interven-
tion to reduce the incidence of potentially unwanted 
clinical effects from etomidate. Seven studies were in-
cluded for evaluation to address this question (72–78).

Of the seven studies, six assessed mortality (72–77); 
however, the corticosteroid used, dose, frequency, and 
duration of administration were not consistent across 
studies. There were two separate RCTs (72, 73). In 
one study patients received a 42-hour infusion of hy-
drocortisone 200 mg/day (350 mg total) (72) and in 
another trial, a 42-hour infusion of hydrocortisone 
(200 mg total) was administered (73) following etomi-
date administration for RSI. Mortality rates did not 
differ between these trials (28-d mortality: 13% [hy-
drocortisone] vs 12% [control]) (72) and ICU mor-
tality (3% [hydrocortisone] vs 5% [control]) (73). Two 
prospective, randomized, controlled substudies of 
patients who received etomidate for RSI evaluated the 
use of hydrocortisone versus placebo (74, 75). One was 
a large multicenter study of septic shock patients who 
were randomly assigned to receive hydrocortisone 
or placebo (74). The hydrocortisone group received 
50 mg every 6 hours for 5 days and the hydrocortisone 
was then tapered for 6 days. There was no difference 
in 28-day mortality in the etomidate/hydrocortisone 
group (46%) compared with the etomidate/placebo 
group (40%). A nest-cohort study within a random-
ized double-blind placebo-controlled trial evaluating 
hydrocortisone in cirrhotic patients with septic shock 

undergoing RSI assigned patients to receive etomidate/
placebo or etomidate/hydrocortisone administered 
every 6 hours; the hydrocortisone was then tapered 
over 8 days (75). There was no difference in all-cause 
28-day mortality, ICU mortality, or hospital mortality 
among the 23 patients that received etomidate with or 
without hydrocortisone (75). Although not conducted 
in patients undergoing out-of-OR RSI, a retrospective 
study used propensity score matching (2:1) to evaluate 
surgical patients who received intraoperative steroids 
with those who did not receive steroids (76). Among 
582 patients who received etomidate/corticosteroids 
(hydrocortisone, dexamethasone, or methylpredniso-
lone for a median of 6 days, IQR 3–10 d) and 1,023 
patients who received etomidate and no steroids, there 
was no difference in in-hospital mortality (4.6% in each 
group, OR 1.01 [97.5% CI, 0.58–1.76], p = 0.97. Lastly, 
a retrospective single-center study evaluated patients 
with septic shock who underwent RSI (77). There were 
74 patients that received etomidate and of those 43 
patients (58%) received hydrocortisone (hydrocorti-
sone 100 mg every 8 hr). Hospital mortality rates were 
similar, with etomidate/steroids 32/43 [74%] versus 
etomidate/no steroids 19/31 [61%], p = 0.12 (77).

Three studies evaluated the association between 
the development of multiple organ dysfunction and 
the administration of hydrocortisone in patients who 
received etomidate as an induction agent for RSI (72, 
73, 78). One prospective RCT randomized ICU pa-
tient to receive etomidate and rocuronium (group 
1); etomidate, rocuronium, and methylprednisolone 
2 mg/kg IV 2–4 minutes before etomidate administra-
tion (group 2); or midazolam and rocuronium (group 
3) (78). Within-group comparisons demonstrated 
decreased SOFA scores at 4 hours compared with base-
line in groups 1 and 3, but not in group 2. SOFA scores 
at 24 hours were significantly lower in all three groups, 
compared with baseline. The two prospective random-
ized, double-blind, controlled trials that evaluated the 
effect of hydrocortisone infused over a 42-hour time 
period showed that the proportion of patients with a 
SOFA score of 3 or 4 decreased over time in both the 
hydrocortisone group and the placebo group (72, 73). 
There was no difference between groups in the median 
SOFA score at 48 hours in either study.

Two studies evaluated the effects of hydrocortisone 
administered to patients who received etomidate for 
RSI on ventilator-free days (72, 75), three evaluated 
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vasopressor use (71–74), and three evaluated ICU 
length of stay (72, 75, 76). In cirrhotic patients with 
septic shock who were randomized to hydrocortisone 
or placebo, there was a difference in ventilator-free days 
(mean: 3.6 ± 5.6 vs 0.2 ± 0.4, p = 0.04), vasopressor-free 
days (mean: 4.6 ± 6.9 vs 1.1 ± 3.3, p = 0.05), change in 
norepinephrine dose between day 1 and 3 (mean: 
−0.1 ± 0.26 vs 0.31 ± 0.36, p = 0.01), and ICU length of 
stay (mean: 12.6 ± 7.8 d vs 9.4 ± 5.8 d, p = 0.06) in the 
etomidate/hydrocortisone versus the etomidate/pla-
cebo groups, respectively (75). These findings were not 
evident in other studies. In the study assessing etomi-
date/hydrocortisone (42-hr infusion of hydrocortisone 
200 mg/d [350 mg total]) compared with etomidate/
placebo, there was no difference in ventilator days (me-
dian: 2 d [range 1–10] vs 4 d [range 1–10]) (72), du-
ration of norepinephrine administration (median: 2 d 
[range 1–3] vs 2 d [range 1–4]) (72), time-to-resolution 
of shock (maintenance of SBP ≥ 90 mm Hg without 
vasopressor support for ≥ 24 hr) (mean: 3 d [95% CI, 
2.5–3.5] vs 3.8 d [95% CI, 3.1–4.4], p = 0.42) (73), or 
ICU length of stay (mean: 4 d [range 1–10] vs 8 d [range 
4–17]), NS (72). In patients who had undergone non-
cardiac surgery, there was a difference in ICU length 
of stay after adjusting for history of cardiac disease and 
year of surgery (hazard ratio: 0.89; 95% CI, 0.8–0.98); 
however, for obvious reasons, this patient population 
differs from the general ICU population (76). None of 
the trials documented adverse events of corticosteroids 
(i.e., infection) and this outcome could not be evaluated.

Etomidate-related decreases in 11-beta-hydroxylase 
activity are of unclear clinical significance. The litera-
ture evaluating whether corticosteroids should be ini-
tiated following RSI with etomidate for the purpose of 
counteracting etomidate effects is fraught with small 
sample size, selection bias, heterogeneity in the choice 
of corticosteroid, dose, frequency of dosing, and du-
ration of administration, homogeneity in the patient 
populations with septic shock compared with other 
populations with critical illness, and overall low-qual-
ity evidence. Therefore, panelists do not recommend 
using corticosteroids when etomidate is used for RSI 
for the purpose of counteracting etomidate-induced 
adrenal suppression. The recommendation is exclusive 
to patients already receiving corticosteroids or those 
requiring corticosteroids for other indications.

Evidence Gaps: Because of the decreasing concerns 
about the clinical significance of etomidate-induced 

adrenal insufficiency, additional research focused on 
corticosteroid administration in patients who receive 
etomidate for RSI is likely futile. However, certain pop-
ulations were identified that might benefit from hydro-
cortisone administration when etomidate is used for 
RSI, including those with cirrhosis and septic shock 
and patients who have undergone noncardiac surgery. 
Prospective research targeting these populations may 
help determine if corticosteroids should be adminis-
tered when etomidate is used for RSI.

Neuromuscular-Blocking Agent Use

Question 9: In critically ill adults undergoing endo-
tracheal intubation, is there a difference between the 
administration of a sedative-hypnotic agent with an 
NMBA versus a sedative-hypnotic agent alone with 
respect to FPS, the incidence of respiratory arrest or 
cardiovascular collapse, need for a surgical airway, or 
incidence of vomiting/aspiration during the peri-intu-
bation period?

Recommendation:
	 •		� We recommend administering an NMBA when a 

sedative-hypnotic induction agent is used for intubation 
(strong recommendation, low quality of evidence).

Rationale: Long-standing aversion by some clini-
cians to NMBA use during intubation has likely come 
from concerns regarding the risks of awareness and 
inability to recover from a scenario in which a secure 
airway is not able to be placed in a timely fashion (i.e., 
cannot-intubate/cannot-ventilate scenario). Limited 
evidence demonstrating improved FPS rate and lack 
of evidence regarding other complications such as res-
piratory arrest, cardiovascular collapse, aspiration, or 
need for a surgical airway has also potentially influ-
enced NMBA use during intubation. However, intu-
bations performed without an NMBA may provide 
less-than-ideal intubating conditions due to the lack 
of neuromuscular blockade, which may therefore also 
lead to lower rates of FPS and increased complica-
tion rates. Six studies were included for evaluation to 
address this question (79–84).

Five studies were evaluated that measured FPS, 
including three observational, prospective studies 
(79–81) and two observational, retrospective studies 
(82, 83). The most robust study, which included FPS 
as the primary outcome, identified a success rate using 
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NMBAs of 80.9% (n = 401/496; 95% CI, 77–84) com-
pared with 69.6% (n = 117/168; 95% CI, 62–76, (p = 
0.003) when not using an NMBA (79). In a propen-
sity-matched analysis for FPS rate, NMBA use was as-
sociated with an OR of 2.37 (95% CI, 1.36–4.88) (79). 
Overall, FPS rates for patients receiving an NMBA 
ranged from 72% to 95% compared with 22% to 78% 
in patients who did not receive an NMBA. Three ob-
servational prospective analyses were evaluated for the 
occurrence rate of respiratory arrest or cardiovascular 
collapse (79–81). One study that evaluated these out-
comes identified no mortality in patients who received 
an NMBA, compared with a 3% mortality rate in those 
patients who did not receive an NMBA (p = 0.02) (81). 
The two remaining studies did not identify any out-
comes that were statistically significant (79, 80). In 
summary, respiratory or cardiovascular collapse rates 
of 0 to 7.5% were found for those patients who re-
ceived an NMBA compared with 3% to 24% for those 
patients who did not receive an NMBA.

The need for a surgical airway was evaluated in one 
retrospective prehospital analysis of more than 7,500 
patients (82). This study identified a less than 1% inci-
dence of need for a surgical airway whether an NMBA 
was administered, with a composite rate of 0.36% 
overall.

Five studies addressed the occurrence rate of vomit-
ing or aspiration, with two of the five finding statis-
tical significance favoring the use of an NMBA (79–81, 
83, 84). One prospective observational study evalu-
ated aspiration as its primary outcome and found no 
aspiration in the group receiving an NMBA and 15% 
in patients who did not receive an NMBA (p < 0.001) 
(81). A retrospective analysis found rates of vomiting 
to be 0% in the NMBA group and 24% in the group 
that did not get an NMBA (p = 0.001) (83). In these 
two studies there was a 0% chance of vomiting in the 
patients who received an NMBA and in the other three 
studies rates of vomiting or aspiration ranged from 0% 
to 1.8% in patients receiving an NMBA and from 0% to 
24% in those not receiving an NMBA (79–81, 83, 84). 
There was a large effect size that was statistically sig-
nificant in favor of the administration of an NMBA in 
two studies, but the quality of evidence was rated low 
due to the risk of bias and serious imprecision (81, 83).

Current evidence affirms the use of an NMBA will 
improve FPS with fewer associated complications. 
Historical concerns precluding its use, such as risk of 

awareness and inability-to-intubate-or-ventilate sce-
narios, likely failed to identify the true risk of allow-
ing recovery of spontaneous breathing in critically 
ill patients who did not receive an NMBA. It is likely 
that recovery of spontaneous breathing is not actually 
feasible or safe, and newer intubation techniques as 
described in this guideline including positioning, pre-
oxygenation, and use of NMBAs themselves have led 
to improved efficacy and safety. Given the widespread 
availability and low cost of NMBAs, they should be 
used for airway management in critically ill patients 
when a sedative-hypnotic agent is used with the goal 
of inducing unconsciousness. This assumes that appro-
priate storage safeguards are in place, trained personnel 
are available, and education on the use of NMBAs has 
been completed. The panel recommendation takes into 
account the high risk of bias and the imprecision of 
important safety outcomes because of the limited fre-
quency of some events given recent advances in medi-
cations and technology. Attempting to further stratify 
outcomes based on level of experience and variance 
in airway approaches would likely only highlight dif-
ferences in practice, and not be significant enough to 
challenge the large effect size reported in the literature 
for critical outcomes.

Evidence Gaps: Imprecision exists for rescue surgical 
airways and the incidence of adverse events deemed 
critical or important as they relate to using NMBAs. 
Although larger studies to address these issues should 
be considered, the likelihood of identifying important 
differences may not be feasible.

Neuromuscular-Blocking Agent Selection

Question 10: In critically ill adults undergoing RSI, is 
there a difference between rocuronium versus succi-
nylcholine when used for RSI with respect to mortality, 
FPS, adverse events, and risk of awareness in the peri-
intubation period and through hospital discharge?

Recommendation:
	 •		� We suggest administering either rocuronium or succi-

nylcholine for RSI when there are no known contraindi-
cations to succinylcholine (conditional recommendation, 
low quality of evidence).

Rationale: Succinylcholine is a short-acting depo-
larizing NMBA traditionally used for RSI. Adverse 
events, such as hyperkalemia, bradycardia, and malig-
nant hyperthermia, may occur with succinylcholine 
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administration, influencing selection for its use in emer-
gent intubations when limited patient information is 
available. The intermediate-acting NMBA, rocuronium, 
has gained popularity as an alternative agent not gen-
erally associated with these adverse events. However, 
there are concerns regarding the risk of awareness 
when rocuronium is used because of its long duration 
of action (30–60 min), which could potentially mask 
suboptimal post-RSI analgosedation. Thirty-one stud-
ies were included for evaluation to address this question 
(1, 59, 85–113). One observational single-center study 
evaluated the effect of the choice of NMBA on mortality 
in 233 patients undergoing RSI (85). This was a study 
conducted in a subset of patients with traumatic brain 
injury (TBI) because succinylcholine may be associated 
with a transient increase in intracranial pressure (85, 
114). The results were stratified based on severity of TBI. 
Patients with high-severity TBI had an increased risk of 
mortality when succinylcholine was used for RSI (OR 
4.1; 95% CI, 1.2–14.1). Due to the retrospective study 
design and potential for selection bias, the level of evi-
dence was considered to be very low.

Two RCTs (86, 87) and four observational studies 
(88–91) evaluated FPS rate with rocuronium and suc-
cinylcholine. Both RCTs had a low risk for bias (86, 
87). A noninferiority RCT of 1,248 patients who un-
derwent out-of-hospital RSI in France found an FPS 
rate of 74.6% with rocuronium (1.2 mg/kg) and 79.4% 
with succinylcholine (1 mg/kg) (difference: −4.8%, 
one-sided 97.5% CI, −9% to infinity) (86). The results 
were inconclusive based on a noninferiority margin 
of 7%. The other RCT, which included 401 patients, 
was conducted in the ICU setting (87). FPS was a sec-
ondary outcome in this trial, which had similar results: 
FPS rate of 82% in the rocuronium group versus 84% 
in the succinylcholine group. A pooled analysis of the 
four observational studies did not show a significant 
difference with regard to FPS (difference: −2%; 95% 
CI, −6% to 2%) (88–91).

Eighteen of the 31 studies compared the rate of 
adverse events in patients treated with these two 
NMBAs (59, 86–88, 92–106). Several of these studies 
were RCTs. There was serious heterogeneity and indi-
rectness across the studies. Studies measured differ-
ent types of adverse events, including hemodynamic 
changes, oxygen desaturation, postoperative hoarse-
ness, vocal cord injury, sore throat, myalgia, increased 
intraocular pressure, and hyperkalemia. Most studies 

had small sample sizes and were inadequately pow-
ered to find significant differences in safety outcomes. 
Also, it was unclear if all of the adverse events could be 
attributed to the NMBAs.

Three RCTs measured patient awareness in the peri-
intubation period (92–94). The studies were conducted 
on patients who needed emergency or elective opera-
tions. None of the patients in any of the trials reported 
awareness during the procedure when questioned at 
a postoperative interview. One observational study 
measured patient awareness in the intubation and pos-
tintubation phases of care in the ED (59). Seven of the 
10 patients reporting postintubation awareness during 
neuromuscular blockade had received a longer-acting 
NMBA for RSI. One RCT (86) and 10 observational 
studies (1, 59, 95–97, 107–111) compared the timing 
or extent of postintubation sedation and analgesia. 
Most studies reported that postintubation analgoseda-
tion was provided more rapidly or to a greater extent 
when succinylcholine was administered as the NMBA 
for RSI. The longer duration of action of rocuronium 
may have prevented patient movement which might 
have served as a cue for staff to provide analgosedation. 
Some studies have shown that patient awareness may 
be mitigated when a clinical pharmacist is involved in 
the management of RSI (104, 112).

Evidence Gaps: Future studies are needed to com-
pare these two agents in the subset of patients with 
TBI. One single-center observational study showed 
that mortality may be increased in patients with severe 
TBI who receive succinylcholine (85); however, this 
finding needs to be further evaluated in larger multi-
center observational studies or RCTs. The RCT with 
the most consequential results compared FPS rates 
in an out-of-hospital setting (86). The findings of this 
study may not be extrapolated to RSI in the critically 
ill population in the ED or ICU, where resources are 
more readily available and video laryngoscopy is more 
commonly used. Future trials, therefore, should com-
pare these agents in an ED or ICU setting. The effects 
of the NMBA on outcomes, such as FPS, may be de-
pendent on the dose used for RSI. Thus, the fact that 
FPS rates were similar with both of the NMBAs should 
be considered in the context of the doses used in the 
study (86). Furthermore, pharmacokinetic alterations 
with poor perfusion or obesity may affect the extent 
of neuromuscular blockade. The optimal dose in these 
circumstances requires additional investigation.
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Although RCTs have not shown differences in the 
incidence of awareness, the evidence highlights that 
rocuronium may delay the provision of postintubation 
analgosedation. Future trials examining the incidence 
of postintubation awareness and potential psycho-
logic sequelae (e.g., posttraumatic stress disorder) are 
needed if optimal analgosedation cannot be prospec-
tively provided by the healthcare team. Intuitively, 
institutions should consider the implementation of 
protocolized care for RSI and incorporate personnel, 
such as clinical pharmacists, to help improve the time-
liness of analgosedation. If postintubation analgoseda-
tion provision is optimized with rocuronium, then we 
would not anticipate differences inpatient awareness 
after RSI.

CONCLUSIONS

As a multidisciplinary group of clinicians with expe-
rience in airway management appointed by ACCM, 
we aimed to incorporate the most recent and best 
evidence available at the time of writing to improve 
the care of critically ill adults undergoing RSI. The 
recommendations provided are not absolute require-
ments and should be tailored to individual patients 
and with available equipment and resources, as ap-
propriate. Particular patient populations, resources, 
and feasibility were considered and factored into our 
deliberations and recommendations. The release of 
data from ongoing studies and future research tri-
als may result in focused updates. Until such time, 
guideline application by clinicians should always 
be modified based on new evidence, as it becomes 
available.

ACKNOWLEDGMENTS

The American College of Critical Care Medicine 
(ACCM), which honors individuals for their achieve-
ments and contributions to multidisciplinary crit-
ical care medicine, is the consultative body of the 
Society of Critical Care Medicine, which possesses 
recognized expertise in the practice of critical care. 
ACCM has developed administrative guidelines and 
clinical practice parameters for the critical care prac-
titioner. New guidelines and practice parameters are 
continually developed, and current ones are system-
atically reviewed and revised. The guidelines leader-
ship would like to acknowledge Ms. Julie Higham for 

project management support throughout the guide-
lines-development process.

	 1 	 Department of Pharmacy and Emergency Medicine, 
University of Rochester Medical Center, Rochester, New 
York, NY.

	 2 	 Department of Emergency Medicine and Medicine, 
University of Arizona College of Medicine, Tucson, AZ.

	 3 	 Department of Anesthesia, Critical Care and Pain Medicine, 
Massachusetts General Hospital, Boston, MA.

	 4 	 Faculty of Medicine and Health, Sydney School of Pharmacy, 
The University of Sydney, Sydney, Australia.

	 5 	 Department of Neurology and Neurological Sciences and 
Neurosurgery, Stanford University, Stanford, CA.

	 6 	 Robert Wood Johnson Library of the Health Sciences, 
Rutgers University, New Brunswick, NJ.

	 7 	 Institute for Critical Care Medicine, Icahn School of Medicine 
at Mount Sinai, New York, NY.

	 8 	 Department of Emergency Medicine, University of Rochester 
Medical Center, Rochester, New York, NY.

	 9 	 Department of Pharmacy, University of Rochester Medical 
Center, Rochester, New York, NY.

	10 	 Department of Pharmacy, University of New Mexico Hospital, 
Albuquerque, NM.

	11 	 Department of Pharmacy, Geisinger Medical Center, 
Danville, PA.

	12 	 Department of Neurology, Northwestern University, Feinberg 
School of Medicine, Chicago, IL.

	13 	 Departments of Neurology and Neurosurgery Westchester 
Medical Center, New York Medical College, New York, NY.

	14 	 Departments of Critical Care Medicine and Emergency 
Medicine, Cooper University Health Care, Camden, NJ.

	15 	 Respiratory Care Services, Geisinger Medical Center, 
Danville, PA.

	16 	 Departments of Anesthesiology and Perioperative Medicine 
and Emergency Medicine, University of Rochester Medical 
Center, Rochester, NY.

	17 	 Departments of Surgery and Emergency Medicine, University 
of Rochester Medical Center, Rochester, NY.

	18 	 Departments of Critical Care and Emergency Medicine, 
Atrium Healthcare System, Charlotte, NC.

	19 	 Department of Emergency Medicine, University of Michigan 
Health System, Ann Arbor, MI.

	20 	 Department of Anesthesiology, Division or Critical Care 
Medicine, University of Kentucky, Lexington, KY.

	21 	 Departments of Anesthesiology and Internal Medicine/
Cardiology, University of Arizona College of Medicine, 
Phoenix, AZ.

Supplemental digital content is available for this article. Direct 
URL citations appear in the printed text and are provided in the 
HTML and PDF versions of this article on the journal’s website 
(http://journals.lww.com/ccmjournal).

Funding for these guidelines was provided solely by the Society 
of Critical Care Medicine.

D
ow

nloaded from
 http://journals.lw

w
.com

/ccm
journal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 10/30/2023

http://journals.lww.com/ccmjournal


Copyright © 2023 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved. Copyright © 2023 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Special Articles

Critical Care Medicine	 www.ccmjournal.org          1427

Dr. Mosier is currently the National Course Director for the Difficult 
Airway Course: Critical Care. Dr. Heffner received funding as an 
advisor/speaker. Drs. Mosier, Hirsch, Heffner, and Gunnerson 
have served as expert witness. The remaining authors have dis-
closed that they do not have any potential conflicts of interest.

For information regarding this article, E-mail: nicole_acquisto@
urmc.rochester.edu

REFERENCES
	 1.	 Groth CM, Acquisto NM, Khadem T: Current practices and 

safety of medication use during rapid sequence intubation. J 
Crit Care 2018; 45:65–70

	 2.	 Russotto V, Nainan Myatra S, Laffey JG, et al: Intubation prac-
tices and adverse peri-intubation events in critically ill patients 
from 29 countries. JAMA 2021; 325:1164–1172

	 3.	 Mosier JM, Sakles JC, Law JA, et al: Tracheal intubation in the 
critically ill. Am J Respir Crit Care Med 2020; 201:775–788

	 4.	 Brown III CA, Walls RM: Rapid sequence intubation. In: The 
Walls Manual of Emergency Airway Management. Fifth Edition. 
Brown III CA, Sakles JC, Mick NW (Eds). Philadelphia, PA, 
Wolters Kluwer, 2018, pp 235–249

	 5.	 Guyatt GH, Oxman AD, Vist GE, et al; GRADE Working Group: 
GRADE Working Group: GRADE: An emerging consensus on 
rating quality of evidence and strength of recommendations. 
BMJ 2008; 336:924–926

	 6.	 Alonso-Coello P, Oxman AD, Moberg J, et al: GRADE Working 
Group: GRADE Evidence to Decision (EtD) frameworks: A 
systematic and transparent approach to making well informed 
healthcare choices. 2: Clinical practice guidelines. BMJ 2016; 
353:i2089

	 7.	 Khandelwal N, Khorsand S, Mitchell SH, et al: Head-elevated 
patient positioning decreases complications of emergent tra-
cheal intubation in the ward and intensive care unit. Anesth 
Analg 2016; 122:1101–1107

	 8.	 Murphy DL, Rea TD, McCoy AM, et al: Inclined position is as-
sociated with improved FPS and laryngoscopic view in pre-
hospital endotracheal intubations. Am J Emerg Med 2019; 
37:937–941

	 9.	 Turner JS, Ellender TJ, Okonkwo ER, et al: Feasibility of upright 
patient positioning and intubation success rates at two aca-
demic EDs. Am J Emerg Med 2017; 35:986–992

	10.	 Stoecklein HH, Kelly C, Kaji AH, et al; NEAR Investigators: 
Multicenter comparison of nonsupine versus supine position-
ing during intubation in the emergency department: A National 
Emergency Airway Registry (NEAR) study. Acad Emerg Med 
2019; 26:1144–1151

	11.	 Semler MW, Janz DR, Russell DW, et al; Check-UP 
Investigators(*): A multicenter, randomized trial of ramped po-
sition vs sniffing position during endotracheal intubation of 
critically ill adults. Chest 2017; 152:712–722

	12.	 Okada Y, Nakayama Y, Hashimoto K, et al: Ramped 
versus sniffing position for tracheal intubation: A system-
atic review and meta-analysis. Am J Emerg Med 2020; 
S0735-6757:30214–3021X

	13.	 Levitan RM, Mechem CC, Ochroch EA, et al: Head-elevated 
laryngoscopy position: Improving laryngeal exposure during 

laryngoscopy by increasing head elevation. Ann Emerg Med 
2003; 41:322–330

	14.	 Pinchalk M, Roth RN, Paris PM, et al: Comparison of times to 
intubate a simulated trauma patient in two positions. Prehosp 
Emerg Care 2003; 7:252–257

	15.	 Wai AK, Graham CA: Effects of an elevated position on time to 
tracheal intubation by novice intubators using Macintosh lar-
yngoscopy or videolaryngoscopy: Randomized crossover trial. 
Clin Exp Emerg Med 2015; 2:174–178

	16.	 Lebowitz PW, Shay H, Straker T, et al: Shoulder and head el-
evation improves laryngoscopic view for tracheal intubation in 
nonobese as well as obese individuals. J Clin Anesth 2012; 
24:104–108

	17.	 Lee BJ, Kang JM, Kim DO: Laryngeal exposure during laryn-
goscopy is better in the 25 degrees back-up position than in 
the supine position. Br J Anaesth 2007; 99:581–586

	18.	 Collins JS, Lemmens HJ, Brodsky JB, et al: Laryngoscopy and 
morbid obesity: A comparison of the “sniff” and “ramped” posi-
tions. Obes Surg 2004; 14:1171–1175

	19.	 Cattano D, Melnikov V, Khalil Y, et al: An evaluation of the rapid 
airway management positioner in obese patients undergoing 
gastric bypass or laparoscopic gastric banding surgery. Obes 
Surg 2010; 20:1436–1441

	20.	 Lee JH, Jung HC, Shim JH, et al: Comparison of the rate of 
successful endotracheal intubation between the “sniffing” and 
“ramped” positions in patients with an expected difficult intu-
bation: A prospective randomized study. Korean J Anesthesiol 
2015; 68:116–121

	21.	 Dixon BJ, Dixon JB, Carden JR, et al: Preoxygenation is more 
effective in the 25 degrees head-up position than in the su-
pine position in severely obese patients: A randomized con-
trolled study. Anesthesiology 2005; 102:1110–5; discussion 
5A

	22.	 Lane S, Saunders D, Schofield A, et al: A prospective, ran-
domised controlled trial comparing the efficacy of pre-
oxygenation in the 20 degrees head-up vs supine position. 
Anaesthesia 2005; 60:1064–1067

	23.	 Dunham CM, Hileman BM, Hutchinson AE, et al: Evaluation 
of operating room reverse Trendelenburg positioning and its 
effect on postoperative hypoxemia, aspiration, and length of 
stay: A retrospective study of consecutive patients. Perioper 
Med (Lond) 2017; 6:10

	24.	 Miguel-Montanes R, Hajage D, Messika J, et al: Use of high-
flow nasal cannula oxygen therapy to prevent desaturation 
during tracheal intubation of intensive care patients with mild-
to-moderate hypoxemia. Crit Care Med 2015; 43:574–583

	25.	 Vourc’h M, Asfar P, Volteau C, et al: High-flow nasal cannula 
oxygen during endotracheal intubation in hypoxemic patients: 
A randomized controlled clinical trial. Intensive Care Med 2015; 
41:1538–1548

	26.	 Besnier E, Guernon K, Bubenheim M, et al: Pre-oxygenation 
with high-flow nasal cannula oxygen therapy and non-invasive 
ventilation for intubation in the intensive care unit. Intensive 
Care Med 2016; 42:1291–1292

	27.	 Bailly A, Ricard JD, Le Thuaut A, et al: Compared efficacy 
of four preoxygenation methods for intubation in the ICU: 
Retrospective analysis of McGrath Mac videolaryngoscope 
versus Macintosh laryngoscope (MACMAN) Trial Data. Crit 
Care Med 2019; 47:e340–e348

D
ow

nloaded from
 http://journals.lw

w
.com

/ccm
journal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 10/30/2023

mailto:nicole_acquisto@urmc.rochester.edu
mailto:nicole_acquisto@urmc.rochester.edu


Copyright © 2023 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Acquisto et al

1428          www.ccmjournal.org	 October 2023 • Volume 51 • Number 10

	28.	 Guitton C, Ehrmann S, Volteau C, et al: Nasal high-flow pre-
oxygenation for endotracheal intubation in the critically ill pa-
tient: A randomized clinical trial. Intensive Care Med 2019; 
45:447–458

	29.	 Simon M, Wachs C, Braune S, et al: High-flow nasal cannula 
versus bag-valve-mask for preoxygenation before intubation 
in subjects with hypoxemic respiratory failure. Respir Care 
2016; 61:1160–1167

	30.	 Frat JP, Ricard JD, Quenot JP, et al; FLORALI-2 study group: 
Non-invasive ventilation versus high-flow nasal cannula ox-
ygen therapy with apnoeic oxygenation for preoxygenation 
before intubation of patients with acute hypoxaemic respira-
tory failure: A randomised, multicentre, open-label trial. Lancet 
Respir Med 2019; 7:303–312

	31.	 Jaber S, Monnin M, Girard M, et al: Apnoeic oxygenation via 
high-flow nasal cannula oxygen combined with non-inva-
sive ventilation preoxygenation for intubation in hypoxaemic 
patients in the intensive care unit: The single-centre, blinded, 
randomised controlled OPTINIV trial. Intensive Care Med 
2016; 42:1877–1887

	32.	 Mir F, Patel A, Iqbal R, et al: A randomised controlled trial 
comparing transnasal humidified rapid insufflation ventilatory 
exchange (THRIVE) pre-oxygenation with facemask pre-oxy-
genation in patients undergoing rapid sequence induction of 
anaesthesia. Anaesthesia 2017; 72:439–443

	33.	 Raineri SM, Cortegiani A, Accurso G, et al: Efficacy and safety 
of using high-flow nasal oxygenation in patients undergoing 
rapid sequence intubation. Turk J Anaesthesiol Reanim 2017; 
45:335–339

	34.	 Patel A, Nouraei SA: Transnasal humidified rapid-insuffla-
tion ventilatory exchange (THRIVE): A physiological method 
of increasing apnoea time in patients with difficult airways. 
Anaesthesia 2015; 70:323–329

	35.	 Lodenius A, Piehl J, Ostlund A, et al: Transnasal humidified 
rapid-insufflation ventilatory exchange (THRIVE) vs. face-
mask breathing pre-oxygenation for rapid sequence induction 
in adults: A prospective randomised non-blinded clinical trial. 
Anaesthesia 2018; 73:564–571

	36.	 Doyle AJ, Stolady D, Mariyaselvam M, et al: Preoxygenation 
and apneic oxygenation using transnasal humidified rapid-
insufflation ventilatory exchange for emergency intubation. J 
Crit Care 2016; 36:8–12

	37.	 Weingart SD, Trueger NS, Wong N, et al: Delayed sequence 
intubation: A prospective observational study. Ann Emerg Med 
2015; 65:349–355

	38.	 Waack J, Shepherd M, Andrew E, et al: Delayed sequence intu-
bation by intensive care flight paramedics in Victoria, Australis. 
Prehosp Emerg Care 2018; 22:588–594

	39.	 Stept WJ, Safar P: Rapid induction-intubation for prevention of 
gastric-content aspiration. Anesth Analg 1970; 49:633–636

	40.	 Jensen AG, Callesen T, Hagemo JS, et al; Clinical Practice 
Committee of the Scandinavian Society of Anaesthesiology 
and Intensive Care Medicine: Clinical Practice Committee of 
the Scandinavian Society of Anaesthesiology and Intensive 
Care Medicine. Scandinavian clinical practice guidelines on ge-
neral anesthesia for emergency situations. Acta Anaesthesiol 
Scand 2010; 54:922–950

	41.	 Zdravkovic M, Berger-Estilita J, Sorbello M, et al: An inter-
national survey about rapid sequence intubation of 10,003 

anaesthetists and 16 airway experts. Anaesthesia 2020; 
75:313–322

	42.	 Rohsbach C, Wirth S, Lenz K, et al: Survey on the current man-
agement of rapid sequence induction in Germany. Minerva 
Anestesiol 2013; 79:716–726

	43.	 Salem MR, Khorasani A, Saatee S, et al: Gastric tubes and 
airway management in patients at risk of aspiration: History, 
current concepts, and proposal of an algorithm. Anesth Analg 
2014; 118:569–579

	44.	 Koenig SJ, Lakticova V, Mayo PH: Utility of ultrasonography 
for detection of gastric fluid during urgent endotracheal intu-
bation. Intensive Care Med 2011; 37:627–631

	45.	 Demaret C, David JS, Piriou V: When should a nasogastric 
tube be inserted before a rapid sequence induction? Look at 
the x-rays! Can J Anaesth 2011; 58:662–663

	46.	 Perlas A, Arzola C, Van de Putte P: Point-of-care gastric ultra-
sound and aspiration risk assessment: A narrative review. Can 
J Anaesth 2018; 65:437–448

	47.	 Metheny NA, Meert KL, Clouse RE: Complications related 
to feeding tube placement. Curr Opin Gastroenterol 2007; 
23:178–182

	48.	 Panchal AR, Satyanarayan A, Bahadir JD, et al: Efficacy of 
bolus-dose phenylephrine for peri-intubation hypotension. J 
Emerg Medicine 2015; 49:488–494

	49.	 Rotando A, Picard L, Delibert S, et al: Push dose pressors: 
Experience in critically ill patients outside of the operating 
room. Am J Emerg Med 2019; 37:494–498

	50.	 Corl KA, Dado C, Agarwal A, et al: A modified Montpellier pro-
tocol for intubating intensive care unit patients is associated 
with an increase in FPS and fewer complications. J Crit Care 
2018; 44:191–195

	51.	 Janz DR, Casey JD, Semler MW, et al: Effect of a fluid bolus on 
cardiovascular collapse among critically ill adults undergoing 
tracheal intubation (PrePARE): A randomised controlled trial. 
Lancet Respir Medicine 2019; 7:1039–1047

	52.	 Russell DW, Casey JD, Gibbs KW, et al; PREPARE II 
Investigators and the Pragmatic Critical Care Research Group: 
Effect of fluid bolus administration on cardiovascular collapse 
among critically ill patients undergoing tracheal intubation: A 
randomized clinical trial. JAMA 2022; 328:270–279

	53.	 Russotto V, Tassistro E, Myatra SN, et al: Peri-intubation car-
diovascular collapse in patients who are critically ill. Insights 
from the INTUBE study. Am J Respir Crit Care Med 2022; 
206:449–458

	54.	 Ho AMH, Mizubuti GB: Co-induction with a vasopressor 
“chaser” to mitigate propofol-induced hypotension when intu-
bating critically ill/frail patients—a questionable practice. J Crit 
Care 2019; 54:256–260

	55.	 Holden D, Ramich J, Timm E, et al: Safety considerations and 
guideline-based safe use recommendations for “bolus-dose” 
vasopressors in the emergency department. Ann Emerg Med 
2018; 71:83–92

	56.	 Cole JB, Knack SK, Horton GB, et al: Human errors and 
adverse hemodynamic events related to “push dose pres-
sors” in the emergency department. J Med Toxicol 2019; 
15:276–286

	57.	 Institute for Safe Medication Practices (ISMP). ISMP safe 
practice guidelines for adult IV push medications; 2015. 

D
ow

nloaded from
 http://journals.lw

w
.com

/ccm
journal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 10/30/2023



Copyright © 2023 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved. Copyright © 2023 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Special Articles

Critical Care Medicine	 www.ccmjournal.org          1429

https://www.ismp.org/guidelines/iv-push. Last accessed 
Sept. 15, 2021

	58.	 Sato N, Hagiwara Y, Watase H, et al; Japanese Emergency 
Medicine Network investigators: A comparison of emergency 
airway management between neuromuscular blockades along 
and rapid sequence intubation: An analysis of multicenter pro-
spective study. BMC Res Notes 2017; 10:6

	59.	 Pappal RD, Roberts BW, Mohr NM, et al: The ED-AWARENESS 
Study: A prospective, observational cohort study of aware-
ness with paralysis in mechanically ventilated patients admit-
ted from the emergency department. Ann Emerg Med 2021; 
77:532–544

	60.	 Bruder EA, Ball IM, Ridi S, et al: Single induction dose of 
etomidate versus other induction agents for endotracheal in-
tubation in critically ill patients. Cochrane Database Syst Rev 
2015; 1:CD010225

	61.	 Lyons RM, Perkins ZB, Chatterjee D, et al: Significant modifi-
cation of traditional rapid sequence induction improves safety 
and effectiveness of pre-hospital trauma anaesthesia. Crit 
Care 2015; 19:134

	62.	 Upchurch CP, Grijalva CG, Russ S, et al: Comparison of etomi-
date and ketamine for induction during rapid sequence in-
tubation of adult trauma patients. Ann Emerg Med 2017; 
69:24–33.e2

	63.	 Albert SG, Sitaula S: Etomidate, adrenal insufficiency and 
mortality associated with severity of illness: A meta-analysis. 
J Intensive Care Med 2021; 36:1124–1129

	64.	 Van Berkel MA, Exline MC, Cape KM, et al: Increased inci-
dence of clinical hypotension with etomidate compared to ke-
tamine for intubation in septic patients: A propensity matched 
analysis. J Crit Care 2017; 38:209–214

	65.	 Smischney NJ, Nicholson WT, Brown DR, et al: Ketamine/pro-
pofol admixture vs etomidate for intubation in the critically ill: 
KEEP PACE randomized clinical trial. J Trauma Acute Care 
Surg 2019; 87:883–891

	66.	 Matchett G, Gasanova I, Riccio CA, et al; EvK Clinical Trial 
Collaborators: Etomidate vs. ketamine for emergency endotra-
cheal intubation: A randomized clinical trial. Intensive Care Med 
2022; 48:78–91

	67.	 Mohr NM, Pape SG, Runde D, et al: Etomidate use is asso-
ciated with less hypotension than ketamine for emergency 
department sepsis intubations: A NEAR cohort study. Acad 
Emerg Med 2020; 27:1140–1149

	68.	 April MD, Arana A, Schauer SG, et al; NEAR Investigators: 
Ketamine versus etomidate and peri-intubation hypotension—
a national emergency airway registry study. Acad Emerg Med 
2020; 27:1106–1115

	69.	 Zettervall SL, Sirajuddin S, Akst S, et al: Use of propofol as an 
induction agent in the acutely injured patient. Eur J Trauma 
Emerg Surg 2015; 41:405–411

	70.	 Baird CRW, Hay AW, McKeown DW, et al: Rapid sequence 
induction in the emergency department: Induction drug and 
outcome of patients admitted to the intensive care unit. Emerg 
Med J 2009; 26:576–579

	71.	 Diaz-Guzman E, Mireles-Cabodevila E, Heresi GA, et al: A 
comparison of methohexital versus etomidate for endotra-
cheal intubation of critically ill patients. Am J Crit Care 2010; 
19:48–54

	72.	 Payen JF, Dupuis C, Trouve-Buisson T, et al: Corticosteroid 
after etomidate in critically ill patients: A randomized controlled 
trial. Crit Care Med 2012; 40:29–35

	73.	 Dalay SK, Jagannathan S, Chadwick S: Corticosteroids after 
etomidate in critically ill patients. J Intensive Care Society 
2012; 13:352–353

	74.	 Cuthbertson BH, Sprung CL, Annane D, et al: The effects of 
etomidate on adrenal responsiveness and mortality in patients 
with septic shock. Intensive Care Med 2009; 35:1868–1876

	75.	 Cherfan AJ, Tamim HM, Aljumah A, et al: Etomidate and 
mortality in cirrhotic patients with septic shock. BMC Clin 
Pharmacol 2011; 11:22

	76.	 Komatsu R, You J, Rajan S, et al: Steroid administration after 
anaesthetic induction with etomidate does not reduce in-
hospital mortality or cardiovascular morbidity after non-cardiac 
surgery. Br J Anaesth 2018; 120:501–508

	77.	 Ray DC, McKeown DW: Effect of induction agent on vaso-
pressor and steroid use, and outcome in patients with septic 
shock. Crit Care 2007; 11:R56

	78.	 Meyanci Koksal G, Erbabacan E, Tunali Y, et al: The effect of 
single dose etomidate during emergency intubation on hemo-
dynamics and adrenal cortex. Ulus Travma Acil Cerrahi Derg 
2015; 21:358–365

	79.	 Mosier JM, Sakles JC, Stolz U, et al: Neuromuscular blockade 
improves first-attempt success for intubation in the intensive 
care unit. A propensity matched analysis. Ann Am Thorac Soc 
2015; 12:734–741

	80.	 Wilcox SR, Bittner EA, Elmer J, et al: Neuromuscular block-
ing agent administration for emergent tracheal intubation is 
associated with decreased prevalence of procedure-related 
complications. Crit Care Med 2012; 40:1808–1813

	81.	 Li J, Murphy-Lavoie H, Bugas C, et al: Complications of emer-
gency intubation with and without paralysis. Am J Emerg Med 
1999; 17:141–143

	82.	 Prekker ME, Kwok H, Shin J, et al: The process of prehospital 
airway management: Challenges and solutions during paramedic 
endotracheal intubation. Crit Care Med 2014; 42:1372–1378

	83.	 Trakulsrichai S, Sundarathiti P, Chalermdamrichai P, et al: An 
observation study of rapid sequence, awake and sedation-only 
intubations in an emergency department in Thai patients. J 
Med Assoc Thai 2009; 92:1022–1027

	84.	 Bozeman WP, Kleiner DM, Huggestt V: A comparison of rapid-
sequence intubation and etomidate-only intubation in the pre-
hospital air medical setting. Prehosp Emerg Care 2006; 10:8–13

	85.	 Patanwala AE, Erstad BL, Roe DJ, et al: Succinylcholine is 
associated with increased mortality when used for rapid se-
quence intubation of severely brain injured patients in the 
emergency department. Pharmacotherapy 2016; 36:57–63

	86.	 Guihard B, Chollet-Xemard C, Lakhnati P, et al: Effect of 
rocuronium vs succinylcholine on endotracheal intubation suc-
cess rate among patients undergoing out-of-hospital rapid 
sequence intubation: A randomized clinical trial. JAMA 2019; 
322:2303–2312

	87.	 Marsch SC, Steiner L, Bucher E, et al: Succinylcholine versus 
rocuronium for rapid sequence intubation in intensive 
care:  A prospective, randomized controlled trial. Crit Care 
2011; 15:R199

D
ow

nloaded from
 http://journals.lw

w
.com

/ccm
journal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 10/30/2023

https://www.ismp.org/guidelines/iv-push


Copyright © 2023 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Acquisto et al

1430          www.ccmjournal.org	 October 2023 • Volume 51 • Number 10

	 88.	 April MD, Arana A, Pallin DJ, et al; NEAR Investigators: 
Emergency department intubation success with succinylcho-
line versus rocuronium: A national emergency airway registry 
study. Ann Emerg Med 2018; 72:645–653

	 89.	 Hiestand B, Cudnik MT, Thomson D, et al: Rocuronium 
versus succinylcholine in air medical rapid-sequence intuba-
tion. Prehosp Emerg Care 2011; 15:457–463

	 90.	 Patanwala AE, Sackles JC: Effect of patient weight on FPS 
and neuromuscular blocking agent dosing for rapid se-
quence intubation in the emergency department. Emerg Med 
J 2017; 34:739–743

	 91.	 Patanwala AE, Stahle SA, Sakles JC, et al: Comparison of 
succinylcholine and rocuronium for first-attempt intubation 
success in the emergency department. Acad Emerg Med 
2011; 18:10–14

	 92.	 Chung YT, Yeh LT: Effectiveness and safety of rocuronium-
hypnotic sequence for rapid-sequence induction. Acta 
Anaesthesiol Sinica 2001; 39:3–9

	 93.	 Kwon MA, Song J, Kim JR: Tracheal intubation with 
rocuronium using a “modified timing principle.”. Korean J 
Anesthesiol 2013; 64:218–222

	 94.	 Larsen PB, Hansen EG, Jacobsen LS, et al: Intubation condi-
tions after rocuronium or succinylcholine for rapid sequence 
induction with alfentanul and propofol in the emergency pa-
tient. Eur J Anaesthesiol 2005; 22:748–753

	 95.	 Billups K, Larrimore A, Li J, et al: Impact of paralytic agent on 
postintubation sedation. Air Med J 2019; 38:39–44

	 96.	 Korinek JD, Thomas RM, Goddard LA, et al: Comparison of 
rocuronium and succinylcholine on postintubation sedative 
and analgesic dosing in the emergency department. Eur J 
Emerg Med 2014; 21:206–211

	 97.	 Watt JM, Amini A, Traylor BR, et al: Effect of paralytic type 
on time to post-intubation sedative use in the emergency 
department. Emerg Med J 2013; 30:893–895

	 98.	 Kumar A, Saran J, Chandra R, et al: A comparative clinical eval-
uation of intubating conditions and haemodynamic effects 
after administration of succinylcholine and rocuronium bro-
mide. J Evol Med Dent Sci 2015; 4:4769–4780

	 99.	 Laurin EG, Sakles JCC, Panacek EA, et al: A comparison 
of succinylcholine and rocuronium for rapid-sequence intu-
bation of emergency department patients. Acad Emerg Med 
2000; 7:1362–1369

	100.	 Mencke T, Knoll H, Schreiber JU, et al: Rocuronium is not 
associated with more vocal cord injuries than succinylcholine 
after rapid-sequence induction: A randomized, prospective, 
controlled trial. Anesth Analg 2006; 102:943–949

	101.	 Rao MS, Prasad TVVSV, Sailaja, et al: A comparative study 
of haemodynamic effects and intubating conditions of 
rocuronium bromide versus suxamethonium. J Evol Med 
Dent Sci 2018; 7:3058–3063

	102.	 Tang LS, Li S, Huang S, et al: Desaturation following rapid 
sequence induction using succinylcholine vs. rocuronium 
in overweight patients. Acta Anaesthesiol Scand 2011; 
55:203–208

	103.	 Vinik HR: Intraocular pressure changes during rapid 
sequence induction and intubation: A comparison of 
rocuronium, atracurium, and succinylcholine. J Clin Anesth 
1999; 11:95–100

	104.	 Kilber E, Jarrell DH, Sakles JC, et al: Analgosedative inter-
ventions after rapid sequence intubation with rocuronium 
in the emergency department. Am J Emerg Med 2018; 
36:1129–1133

	105.	 Lyon RM, Perkins ZB, Chatterjee D, et al; Kent, Surrey & 
Sussex Air Ambulance Trust: Significant modification of tra-
ditional rapid sequence induction improves safety and effec-
tiveness of pre-hospital trauma anesthesia. Crit Care 2015; 
19:134

	106.	 Taha SK, El-Khatib MF, Baraka AS, et al: Effect of suxa-
methonium vs rocuronium on onset of oxygen desaturation 
during apnoea following rapid sequence induction: Original 
article. Anaesthesia 2010; 65:358–361

	107.	 Bonomo JB, Butler AS, Lindsell CJ, et al: Inadequate provi-
sion of postintubation anxiolysis and analgesia in the ED. Am 
J Emerg Med 2008; 26:469–472

	108.	 Chong ID, Sandefur BJ, Rimmelin DE, et al: Long-acting 
neuromuscular paralysis without concurrent sedation in 
emergency care. Am J Emerg Med 2014; 32:452–456

	109.	 Elofson KA, Rhoads SF, Tang A, et al: Long-acting neuro-
muscular blocker use during prehospital transport of trauma 
patients. Air Med J 2013; 32:203–207

	110.	 Johnson EG, Meier A, Shirakbari A, et al: Impact of 
rocuronium and succinylcholine on sedation initiation 
after rapid sequence intubation. J Emerg Med 2015; 
49:43–49

	111.	 Lembersky O, Golz D, Kramer C, et al; NEAR Investigators: 
Factors associated with post-intubation sedation after emer-
gency department intubation: A report from The National 
Emergency Airway Registry. Am J Emerg Med 2020; 
38:466–470

	112.	 Amini A, Faucett EA, Watt JM, et al: Effect of a pharma-
cist on timing of postintubation sedation and analgesic use 
in trauma resuscitations. Am J Health Syst Pharm 2013; 
70:1513–1517

	113.	 Chiu CL, Jaais F, Wang CY: Effect of rocuronium com-
pared with succinylcholine on intraocular pressure during 
rapid sequence induction of anesthesia. Br J Anesth 1999; 
82:757–760

	114.	 Lanier WL: Modulation of cerebral function by muscle affer-
ent activity, with reference to intravenous succinylcholine. 
Anesthesiology 2023; 138:209–215

D
ow

nloaded from
 http://journals.lw

w
.com

/ccm
journal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 10/30/2023


