
Copyright © 2021 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
648 www.anesthesia-analgesia.org September 2021 • Volume 133 • Number 3

Emergency Airway Management Outside the Operating 
Room: Current Evidence and Management Strategies
Kunal Karamchandani, MD, FCCP, FCCM,* Jonathan Wheelwright, DO,† Ae Lim Yang, BS,‡ Nathaniel D. 
Westphal, MD,§ Ashish K. Khanna, MD, FCCP, FCCM,§|| and  Sheila N. Myatra, MD, FCCM, FICCM¶    

Emergency airway management outside the operating room (OR) is often associated with an increased 
risk of airway related, as well as cardiopulmonary, complications which can impact morbidity and 
mortality. These emergent airways may take place in the intensive care unit (ICU), where patients 
are critically ill with minimal physiological reserve, or other areas of the hospital where advanced 
equipment and personnel are often unavailable. As such, emergency airway management outside the 
OR requires expertise at manipulation of not only the anatomically difficult airway but also the physi-
ologically and situationally difficult airway. Adequate preparation and appropriate use of airway man-
agement techniques are important to prevent complications. Judicious utilization of pre- and apneic 
oxygenation is important as is the choice of medications to facilitate intubation in this at-risk popula-
tion. Recent study in critically ill patients has shown that postintubation hemodynamic and respira-
tory compromise is common, independently associated with poor outcomes and can be impacted 
by the choice of drugs and techniques used. In addition to adequately preparing for a physiologically 
difficult airway, enhancing the ability to predict an anatomically difficult airway is essential in reducing 
complication rates. The use of artificial intelligence in the identification of difficult airways has shown 
promising results and could be of significant advantage in uncooperative patients as well as those 
with a questionable airway examination. Incorporating this technology and understanding the physi-
ological, anatomical, and logistical challenges may help providers better prepare for managing such 
precarious airways and lead to successful outcomes. This review discusses the various challenges 
associated with airway management outside the OR, provides guidance on appropriate preparation, 
airway management skills, medication use, and highlights the role of a coordinated multidisciplinary 
approach to out-of-OR airway management. (Anesth Analg 2021;133:648–62)

GLOSSARY
AChRs = acetylcholine receptors; ASA = American Society of Anesthesiologists; BiPAP = bilevel posi-
tive airway pressure; BMV = bag mask ventilation; COVID-19 = coronavirus disease 2019; CP = cricoid 
pressure; CRM = crisis resource management; CUSUM = cumulative sum; DL = direct laryngoscopy; 
ED = emergency department; EPAP = expiratory positive airway pressure; Fio2 = fraction of inspired oxy-
gen; FLORALI = Clinical Effect of the Association of Non-invasive Ventilation and High Flow Nasal Oxygen 
Therapy in Resuscitation of Patients with Acute Lung Injury trial; FPS = first-pass success; HFNO = high-flow 
nasal oxygen; ICU = intensive care unit; IPAP = inspiratory positive airway pressure; IPASS = I: illness/
severity; P: patient summary; A: action/to-do list; S: situation/summary; S: synthesis; MH = malignant 
hyperthermia; MP = Mallampati; NIV = noninvasive ventilation; NMB = neuromuscular blocking; NMDA = 
N-methyl-D-aspartate; OPTINIV = HFNC combined with NIV for decreasing oxygen desaturation during intu-
bation procedures in ICU hypoxaemic patients trial; OR = operating room; OSA = obstructive sleep apnea; 
POCUS = point-of-care ultrasound; PREPARE = P: preoxygenate/position; R: reset/resist; E: examine/
explicit; P: plan A/B; A: adjust/attention; R: remain/review; E: exit/explore; RSI = rapid sequence intuba-
tion; SALAD = Suction Assisted Laryngoscopy and Airway Decontamination; SCCM = Society of Critical 
Care Medicine; SGA = supraglottic airway; SOCCA = Society of Critical Care Anesthesiologists; Spo2 = oxy-
gen saturation; TeamSTEPPS = Team Strategies and Tools to Enhance Performance and Patient Safety; 
TI = tracheal intubation; TMD = thyromental distance; VL = videolaryngoscopy

Anesthesia providers are often involved with 
emergency airway management outside the 
operating room (OR). These locations include 

the intensive care unit (ICU), emergency department 
(ED), radiology suite, regular nursing floor, and other 
locations within the hospital. Such patients are often 
critically ill with minimal physiological reserves thus 
predisposing them to an increased risk of complica-
tions compared to elective surgical patients in the 
OR.1–4 In a recent prospective observational study 
including 2964 critically ill patients across 29 coun-
tries, adverse event occurred after intubation in 45.2% 
of patients, including cardiovascular instability in 
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42.6%, severe hypoxemia in 9.3%, and cardiac arrest in 
3.1%.5 This “physiologically difficult airway” places 
the patient at higher risk of cardiovascular collapse 
with intubation and conversion to positive-pressure 
ventilation.6 A proportion of these patients also have 
“anatomically” difficult airways, further increas-
ing the risk for adverse airway-related outcomes. 
In some cases, although the physiological perturba-
tions may be mild to begin with, they may accentuate 
with time as the providers struggle with anatomical 
challenges. Thus, an anatomically difficult airway 
may also become a physiologically difficult airway. 
Furthermore, unfamiliar locations add logistical chal-
lenges for providers and thus securing an airway in 
these non-OR locations pose unique challenges and is 
associated with increased morbidity and mortality.2,7,8 
Hence, emergency airway management outside the 
OR often requires mastery of not only the anatomi-
cally difficult airway but also the physiologically and 
situationally difficult airway.

Postintubation hemodynamic and respiratory 
compromise is common in critically ill patients, is 
impacted by the choice of drugs and techniques 
used, and is independently associated with poor out-
comes.9–16 In this narrative review, we will discuss the 
challenges associated with emergent airway manage-
ment outside the OR and provide evidence-based 
guidance on preparation, airway assessment, use of 
peri-intubation oxygenation techniques, airway man-
agement techniques, medication options, human fac-
tor considerations, and airway rescue techniques that 
can help decrease the associated morbidity. In addi-
tion, we will also examine important future research 
considerations for emergency airway management 
outside the OR.

COMPLICATIONS AND PREVENTION STRATEGIES
Emergency airway management in out-of-OR loca-
tions is associated with significant complications 
and hence is considered an extremely high-risk pro-
cedure.17 Peri-intubation hypoxia and hypotension 
especially are associated with high morbidity and 
mortality. It is important to identify risk factors as 
well as predict which patients are likely to develop 
these complications13,14 (Table  1).7,8,18–24 Considering 
the high rates of complications, adequate preparation 
during the peri-intubation period is essential. One of 
the initial steps should be an assessment for potential 
difficulty, which includes evaluating anatomic, physi-
ologic, or situational challenges that may be present 
(Table  2). This should be followed by preparation 
and optimization of the patient as well as the team 
for difficulty—including using a checklist, ensuring 
availability of necessary equipment and personnel, 
maximizing preoxygenation, and hemodynamic opti-
mization among others. Time permitting, a thorough 

discussion with the patient or their surrogate on the 
acceptance of intubation and mechanical ventilation 
should be held. In case of a true emergency, a clear 
documentation of code status should be ascertained.

Airway Assessment
The prevalence of a difficult airway is reported to 
range from 11% to 50% for intubations performed out-
side of the OR.18,19,22 Identifying a potentially difficult 
airway is crucial; however, current bedside screening 
tests are limited by their poor sensitivity and speci-
ficity.25 A history of difficulty with airway manage-
ment described by the patient or documented in the 
patients’ medical record is important. Time permit-
ting, an airway examination should be conducted, 
including evaluation for gross anatomic alterations 
or features of syndromic affiliation and previous tra-
cheostomy scars. Among the bedside airway assess-
ment tests, the upper lip bite test has the highest 
sensitivity,26 and the combination of mallampati (MP) 
score and thyromental distance (TMD) provides the 
most accuracy at predicting difficult intubation.25 It 
is important to recognize that many of these com-
monly used methods for assessing airway before elec-
tive intubation are not feasible in this setting where 
the patient may be uncooperative, sedated, agitated, 
unstable, or delirious.27,28

While recognizing the anatomically difficult air-
way (obtaining a glottic view or passing an endotra-
cheal tube is challenging) is 1 part of the preintubation 
assessment, the anticipation of physiologic challenges 
before airway management is equally important. The 
MACOCHA score (Mallampati score III or IV, sleep 
Apnea syndrome, decreased Cervical mobility, mouth 
opening <3 cm, Coma defined by a Glasgow score 
<8, severe Hypoxemia, and if the practitioner is not 
an Anesthetist) that combines anatomic, physiologic, 
and operator characteristics explicitly highlights the 
increased patient risk when the intubating physician 
is not an anesthesiologist. The score is very relevant 
to the out-of-OR setting and was recently validated in 
a multicenter study29 (Table 3). Although it may not 
be possible to assess all the components in an unco-
operative patient (eg, MP score), assessment of risk 
using the MACOCHA score should be considered in 
appropriate patients.

Equipment and Personnel
Considering the unpredictability associated with 
these situations, we suggest preparing for every 
urgent or emergent airway in a way that assumes 
that every step might fail. Appropriate hemodynamic 
monitored and continuous Etco2 monitoring should 
be utilized when feasible. The interval for blood pres-
sure management should be changed to 2 to 3 min-
utes during the procedure to detect hypotension in 
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a timely manner. Similarly, it is advisable to make 
the monitors, especially pulse oximetry, loud and 
audible to everyone in the room. Next, it is impor-
tant to ensure that necessary equipment is on hand 
and functional. Considering that blood and vomitus 
in the airway are common in this situation and may 
predict a difficult airway,30 availability of functioning 
high-efficiency suction devices should be ensured. 
The Suction Assisted Laryngoscopy and Airway 
Decontamination (SALAD) strategy involving oral 
airway decontamination while simultaneously pre-
serving videolaryngoscopy (VL) views may be use-
ful.31 The technique utilizes the Ducanto suction 
catheter, a large bore, multiport, “always on,” softer-
plastic suction device that is anatomically shaped 
like a patient’s airway making it easy to position 
and work with other complementary devices used 
to clear a patient’s airway. However, this may not 
always work and VL may be ineffective in the pres-
ence of excessive blood/vomitus/secretions, thus 
necessitating direct laryngoscopy (DL).

Tracheal intubation (TI) is considered an aerosol-
generating procedure, and can impact the transmis-
sion of respiratory virus illnesses such as coronavirus 
disease 2019 (COVID-19).32–34 In an international mul-
ticenter cohort study, around 10% of health care 
workers involved in TI of patients with suspected or 
confirmed COVID-19 were found to have a COVID-
19–related outcome.35 Hence, as recommended by 
national organizations, providers involved with TI 
in such patients should adhere to full contact and 
airborne personal protective equipment.36–38 In situa-
tions where adequate history and testing results are 
unavailable or in areas where such airborne diseases 
are endemic, providers should err on the side of cau-
tion and adhere to the same precautions in all patients. 
Also, in such circumstances, intubation should be per-
formed in an airborne infection isolation room by an 
experienced provider, with additional help available 
outside the room. More guidance in this matter has 
also been provided by a joint taskforce of the Society 
of Critical Care Medicine (SCCM), American Society 

Table 2. Challenges Associated With Emergent Out-of-OR Airway Management
Factors Challenges
Situational/logistical factors
 Infrastructure Limited space, poor access to patient’s head, limited monitoring capability, lack of adequate lighting
 Equipment Adjunct airway devices such as fiber-optic bronchoscope, supraglottic airways, oral/nasal airways, bougie, 

videolaryngoscope, and emergency invasive airway access equipment may not be readily available
Unavailability of noninvasive ventilation, high-flow nasal cannula, etc, to provide adequate pre- and apneic oxygenation

 Personnel Depending on timing and location, availability of trained personnel for assistance and backup may be limited
Patient factors
 Airway assessment May be difficult or impossible due to lack of time or patient cooperation
 Aspiration risk Full stomach, gastroparesis associated with critical illness
 Anatomically difficult airway Difficult anatomy, maxillofacial trauma, cervical spine injury, airway injuries, burns, radiation, retropharyngeal 

abscess, masses, etc
 Physiologically difficult airway Uncooperative patient, presence of shunt or ventilation-perfusion mismatch, reduced functional residual capacity

Poor physiologic reserve due to underlying illness
Hemodynamic instability secondary to hypovolemia, critical illness, patient’s baseline physiology, or drugs used 

to facilitate intubation
Operator factors
 Training Limited training in emergency airway management
 Experience Unavailability of experienced providers depending on the timing and location
 Human factors Stress leading to tunnel vision, cognitive overload, and increased likelihood of errors

Inadequate communication between teams and team members
“Fixation errors”

Abbreviation: OR, operating room.

Table 1. Complications Associated With Emergent Out-of-OR Intubations

 
Difficult intubation or 
multiple attempts (%) Severe hypoxia (%) Hypotension (%)

Esophageal 
intubation (%) Aspiration (%) Cardiac arrest (%)

Cook et al7 6.7 - - 13.3 13.3 -
De Jong et al8 11 22 - 5 - 2.7
Griesdale et al18 13.2 19.1 9.6 7.4 5.9 0
Jaber et al19 12 26 25 4.6 2 2
Schwartz et al22 8 - - 8 4 3
Smischney et al23 4.8 17.6 41 0.2 1.2 -
Park et al21 0.8 6.4 3.0 3.5 - 0.6
Yoon et al24 11.9 - - 3.6 - 0.6
Martin et al20 10.3 - - 2.8 4.2 -

Abbreviation: OR, operating room.
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of Anesthesiologists (ASA), and Society of Critical 
Care Anesthesiologists (SOCCA).39

Human Factors
It is also important to take into account the situational 
challenges that accompany airway management out-
side of the OR, contributing to the “situationally” 
difficult airway. The time of the day, available infra-
structure (including equipment and personnel), as 
well as patient condition may influence performance. 
It is important to quickly decide whether to intervene 
immediately, intervene soon (stabilize, transfer, then 
intubate), or to not intervene at all. Maintaining astute 
situational awareness helps maximize the team’s abil-
ity to identify cues, synthesize thoughts, and predict 
the next step. The presence of a dedicated airway 
team for out-of-OR airway emergencies is ideal, and it 
is recommended that institutions, no matter their size, 
should identify airway experts who will comprise an 
airway response team and be available 24/7.40 The 
primary training of these experts may vary depend-
ing on the available workforce in each institution. 
Furthermore, it is ideal to have a standardized and 
universal notification system in place so that all team 
members can be made aware of an event.40

The airway team may be working at the bedside 
with other hospital staff that are inexperienced or 
stressed. Elucidating the skill level of available staff 
and establishing clear roles and expectations are 
essential elements of successful intervention. Closed-
loop communication is essential in such stressful situ-
ations and can help prevent medical errors, as well as 
increase the speed and efficiency with which tasks are 
completed.41 Providers involved in these procedures 
should possess interpersonal and leadership skills 
needed to successfully coordinate efficient team-based 
care. These crisis resource management (CRM) skills 
can impact patient safety in acute health care fields.42 
Utilizing the Team Strategies and Tools to Enhance 
Performance and Patient Safety (TeamSTEPPS) 

approach,43 and incorporating “high-risk, low-fre-
quency” event simulation curriculum can prepare 
providers for adverse situations even though their 
exposure to such events in real life may be limited.44

Checklists
The advent of checklists has long been regarded by vari-
ous industries as a method to reduce cognitive load and 
reduce errors in stressful situations.45 This is no different 
in medicine.46 Instituting a checklist for non-OR airways 
may help ensure the necessary preparations and pre-
cautions have been taken, while simultaneously reduc-
ing cognitive overload to allow better decision-making. 
Although a recent systematic review and meta-analysis 
did not find a difference in mortality or most secondary 
outcomes associated with checklist use, the robustness 
of the meta-analysis was limited by the predominance 
of observational studies.47 Perhaps, the key is to keep the 
checklist simple and succinct, thus improving compli-
ance and acceptance.48 The implementation of an “intu-
bation bundle” can reduce life-threatening complications 
associated with emergency airway management49 but 
needs further validation before recommending routine 
use. The checklist, “PREPARE,” designed for out-of-
OR airway management (P: preoxygenate/position; R: 
reset/resist; E: examine/explicit; P: plan A/B; A: adjust/
attention; R: remain/review; E: exit/explore), targets not 
just the patient but the entire airway team and may be 
helpful as a cognitive aid.50 Another novel approach, the 
“Vortex,” is a simple, “lifeline” driven, predominantly 
visual cognitive aid that can be used in real time dur-
ing airway emergencies.51 Once a secure airway has 
been established, utilizing checklists such as IPASS (I: 
illness/severity; P: patient summary; A: action/to-do 
list; S: situation/summary; S: synthesis) can help ensure 
patient safety during crucial hand-offs.52 Establishing 
similar checklists or intubation bundles at individual 
institutions can help ensure adequate preparation, pro-
vide a uniform structure that encourages a consistent 
approach, and improve communication and coordina-
tion at each airway encounter.

TI PROCEDURE
Patient Positioning
Patient positioning before intubation should optimize 
both anatomic and physiological parameters and is 
essential to increase the success of intubation and avoid 
complications. The “sniffing” position, by aligning the 
oropharyngeal–laryngeal axes, may make glottic visual-
ization and TI easier. The “ramped position” improves 
preoxygenation, prevents reduction in the functional 
residual capacity, and may reduce the risk of pulmonary 
aspiration. Provider training has a significant impact 
on the success with TI related to patient positioning. 
Pulmonary fellows experienced increased intubation 
difficulty with intubations performed in the ramped 

Table 3. MACOCHA Score
Factor Points awarded
Patient-related factors  
 Mallampati score of III or IV 5
 OSA 2
 Reduced cervical spine mobility 1
 Limited mouth opening <3 cm 1
Disease-related factors  
 Coma (Glasgow score <8) 1
 Severe hypoxemia 1
Operator-related factor  
 Nonanesthesiologist 1

Adapted from De Jong et al.29

Abbreviations: MACOCHA, Mallampati score III or IV, sleep Apnea syndrome, 
decreased Cervical mobility, mouth Opening <3 cm, Coma defined by a 
Glasgow score <8, severe Hypoxemia, and if the practitioner is not an Anes-
thetist; OSA, obstructive sleep apnea.
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position compared with the sniffing position,53 whereas 
patients intubated by ED residents showed improved 
first attempt success with ramping compared with 
supine.54 A large retrospective study of patients intu-
bated by an anesthesia service—dedicated to outside-of-
OR intubations—showed that a combination of ramped 
plus sniffing positions substantially reduced complica-
tion rates, including desaturation.55 Similarly, patient 
characteristics may also help chose the appropriate posi-
tion. While an obese patient or someone with high aspi-
ration risk would significantly benefit from a ramped 
position, a frail patient with limited neck range of motion 
may not. Current guidelines recommend a head-up posi-
tion, especially in patients at high risk of aspiration or 
desaturation.15,56,57 Hence, patient positioning should be 
individually tailored to patient characteristics, as well as 
the training history of the intubating provider.58

Preoxygenation and Apneic Oxygenation
A majority of patients that require emergent non-OR 
airway management have low physiologic reserve, and 
life-threatening hypoxemia during the procedure is a 
major concern.59 Adequate preoxygenation is essen-
tial to better prepare such patients for intubation and 
should be an integral component of all emergent air-
way interventions. It increases the safe apnea time (the 
time from cessation of breathing or ventilation until 
the oxygen saturation [Spo2] declines to 90% before 
desaturation) and can help avoid complications related 
to hypoxemia. Preoxygenation may be achieved using 
supplemental oxygen via regular nasal cannula, nonre-
breather mask, or high-flow nasal oxygen (HFNO) can-
nula, as well as noninvasive ventilation (NIV).

In patients with hypoxemic respiratory fail-
ure with extensive atelectasis and intrapulmonary 
shunting, supplemental oxygen via nasal cannula 
or nonrebreather mask may not be effective and 
high inspiratory flow requirements may not be met 
with a nonrebreather mask alone. In such patients, 
HFNO or NIV may be better choices. The FLORALI 
2 study (Clinical Effect of the Association of Non-
invasive Ventilation and High Flow Nasal Oxygen 
Therapy in Resuscitation of Patients with Acute Lung 
Injury)60 compared NIV or HFNO for preoxygen-
ation in 322 hypoxemic, critically adults undergo-
ing TI and observed no difference in the incidence of 
severe hypoxemia during TI. However, the subgroup 
analyses suggested a potential benefit for NIV among 
patients with a P/F ratio <200. Thus, in patients with 
severe hypoxemia, NIV with bilevel positive airway 
pressure (BiPAP) ventilation providing pressure sup-
port ventilation maybe a safe and likely the most effec-
tive preoxygenation technique.61,62 It should be noted 
that in many circumstances, there may not be enough 
time to achieve optimal preoxygenation and also, 
some patients may not have an appropriate response 

to preoxygenation.63 Nonetheless, it is important that 
oxygen therapy be initiated immediately on arrival 
while preparations are underway to maximum the 
duration of preoxygenation.

The addition of continuous oxygen into the naso-
pharynx during apnea (termed apneic oxygenation) 
may also extend the safe apnea time. Oxygen delivery 
via the nasal route offers an advantage over others 
that it does not obstruct access to the airway during 
TI. Apneic oxygenation via nasal cannula can be pro-
vided using unwarmed, dry oxygen via the standard 
nasal cannula or via heated and humidified HFNO.64 
OPTINIV (HFNC combined with NIV for decreasing 
oxygen desaturation during intubation procedures in 
ICU hypoxaemic patients), a proof of concept study,65 
showed that adding HFNO for apneic oxygenation to 
NIV for preoxygenation was more effective in reduc-
ing the severity of desaturation compared to NIV 
alone during TI. In summary, for out-of-OR emer-
gent TI, NIV or HFNO should be considered over 
conventional oxygen therapy for preoxygenation and 
in patients with moderate to severe hypoxemia, NIV 
is superior to HFNO. Apneic oxygenation should be 
continued during attempts at TI and gentle mask ven-
tilation should be considered during rapid sequence 
intubation (RSI) to prevent or treat hypoxemia.59,66,67

Rapid Sequence Intubation
A RSI technique is often used in patients who need TI 
in these situations. RSI is designed to facilitate rapid 
TI in patients at high risk of aspiration and the main 
objective of the technique is to minimize the time 
interval between loss of protective airway reflexes 
and TI. Despite the technique’s widespread use, there 
is still no agreement on how it should best be per-
formed particularly with regard to manual ventilation 
and application of cricoid pressure (CP) or Sellick’s 
maneuver. Avoidance of manual ventilation before 
TI was traditionally recommended to avoid gastric 
insufflation, but recent evidence suggests that manual 
ventilation using bag mask between induction and 
endotracheal tube placement in otherwise critically 
ill patients may be well tolerated.68 In patients with 
physiologically difficult airway, mask ventilation 
may be lifesaving, and providers should balance the 
perceived risk of aspiration versus life-threatening 
complications related to desaturation. The Sellick’s 
maneuver,69 frequently used as a part of RSI, has been 
shown to have a questionable benefit.70,71 While there 
is evidence that gastric insufflation can be prevented 
by this maneuver,72 there are concerns that applica-
tion of CP can result in an increased risk of aspira-
tion by decreasing the lower esophageal sphincter 
tone73 and may impair the laryngeal view and thereby 
delay intubation and increase the potential for aspi-
ration.74 Since the fasting times are either inadequate 
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or unknown in most cases and critical illness causes 
impaired gastric emptying and a high risk of aspira-
tion,75 we suggest using RSI with or without Sellick’s 
maneuver in all emergency out-of-OR intubations. 
bag mask ventilation (BMV) may be used in patients 
at high risk of desaturation, when the benefits of this 
technique outweigh the risks.

Personnel and Device Selection
As discussed, TI in an out-of-OR setting poses sig-
nificant challenges and appropriate preparation is 
essential to prevent complications. The key questions 
related to the actual process of securing the airway 
revolve around ensuring that a skilled provider per-
form the procedure and that appropriate tools are 
used to facilitate timely and uneventful intubation. 
Since the rates of complications increase with the 
number of attempts,76,77 it is important that provid-
ers proficient in airway management form an integral 
part of the team. Provider experience can have a sig-
nificant impact on the number of attempts. Schulte 
et al78 reported that higher level anesthesia residents 
used fewer intubations attempts during emergent, 
nonoperating room intubations as compared to junior 
residents. Similarly, a recent study evaluating emer-
gent TI by first-year anesthesiology residents showed 
an increasing rate of relative success and decreasing 
rate of necessary attempts with the number of TIs.79 It 
was observed that first time and overall success rate 
did not plateau until at least 100 intubations were 
performed and, even at that time, the first-time suc-
cess rate remained below 85%. Based on the results of 
the study, the authors recommend supervision by a 
specialist or senior physician during the first 200 pro-
cedures performed by anesthesia trainees. These find-
ings have significant implications for skill acquisition 
for emergency TIs and should be confirmed for other 
specialties.

After achieving initial proficiency, it is vital that the 
skill set and expertise is maintained. The required fre-
quency and intensity of practice needed to maintain 
this skillset needs further evaluation and validation 
in real world clinical scenarios. Institution-specific 
programs targeting proactive maintenance and 
enhancement of out-of-OR airway management 
skills, particularly for those who infrequently per-
form this procedure, are recommended. Tracking of 
procedures (eg, with procedure logs) or cumulative 
sum (CUSUM) analysis could also be included as 
part of individual continuous quality improvement 
endeavors.

While it is important that attempts at intubation are 
minimized, it is also important that appropriate train-
ing during real world scenarios of emergency airway 
management is imparted to trainees. Whether the 
most experienced provider performs the intubation 

or is there to supervise and take over if the trainee 
fails should be determined on a case-by-case basis 
and on the individual competence and experience of 
the trainee. In most circumstances, having the trainee 
take the first attempt and defining prespecified cri-
teria (such as the patients’ hemodynamic and respi-
ratory parameters) of when the most experienced 
provider takes over may be a viable compromise plan. 
The presence of 2 operators during these procedures 
has been included as part of the intubation bundle,49 
and having an extra pair of trained hands, may help 
overcome some of the limitations of unfamiliar cir-
cumstances and locations. Further, the presence of a 
second operator can not only help improve patient 
outcomes (improved times to securing the airway, 
faster time of recognition of complications, improved 
speed to next attempts), but also may help provide 
comfort/reassurance to the primary operator.80

Historically, TI success has been associated with 
an individual’s skill using a direct laryngoscope 
and this has spurred debate over who should per-
form intubations—and how intubations should be 
performed—outside of the OR.81,82 While anesthe-
siologists are considered experts in airway manage-
ment, the availability of an anesthesia service for all 
out-of-OR airway intubations is not always possible. 
One common approach wherein, the most trained 
person on site intubates, and the anesthesiologist acts 
as a backup, has been utilized in the ED and trauma 
bay.83 However, there are clinical scenarios of extremis 
when first-pass success (FPS) is more critical than oth-
ers and there are times where the skillset of the opera-
tor precludes anyone else taking the first attempt, for 
example, a “bloody airway” mandating an accom-
plished provider skilled in DL. In such scenarios, time 
permitting, having the most experienced and profi-
cient provider making the first attempt at intubation, 
while calling for help is ideal.

Intubation in critically ill patients is technically 
more challenging than elective intubation performed 
in the OR, regardless of who performs the procedure. 
Patients who might have been intubated with ease in 
the ORs tend to be harder to intubate in the ICU with 
antecedent complications.84 The advent of VL has 
made visualization of the glottic opening easier; how-
ever, difficulty with navigating the endotracheal tube 
to and beyond the larynx is a concern. VL may be ben-
eficial in patients with cervical spine injury or those 
with suspicion for cervical spine injury as it causes 
minimal movements of the cervical spine during intu-
bation.85 Studies comparing DL and VL paint a com-
plex and convoluted picture. Systematic reviews and 
meta-analysis show no overall difference between 
the 2, and while some suggest that while VL might 
improve the chances of first attempt success, it may 
be associated with a higher risk of complications.86–90 
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It is possible that VL may have been evaluated more 
positively due to subject bias. De Jong et al88 reported 
in a meta-analysis of 2133 participants that VL sig-
nificantly reduced the risk of difficult oro-TI, esopha-
geal intubation, and increased FPS. However, a large 
majority of the participants were nonanesthesiology 
trainees, or junior anesthesiology providers and were 
likely to evaluate VL positively and experience bet-
ter outcomes with this tool. Interestingly, the same 
results were not observed in a prehospital setting and 
when all operators were experienced.91

Part of the challenge is the lack of adequate learn-
ing opportunity for nonanesthesiology trainees with 
DL. While VL is easier to learn and easier to be edu-
cated upon, DL has a steeper learning curve and dif-
ficult to supervise. Further, emergent airways are the 
usual teaching scene for these providers where learn-
ing DL may be much harder.78 On the other hand, 
every anesthesiology trainee trains on numerous 
DL situations and uses VL as an incremental step-
up tool for a potential DL failure and or when the 
airway history mandates better FPS with a videolar-
yngoscope. It is important to realize that preference 
of one over the other may also be related to a provid-
er’s comfort and experience with the device. Even 
though DL can be faster and associated with equal/
higher success in the hands of experienced provid-
ers, a videolaryngoscope should always be available 
as a backup tool to rescue difficult intubation and/
or unsuccessful first attempt at DL in all out-of-OR 
emergency airway management scenarios.

Awake intubation may have to be considered in 
certain situations where anatomic airway difficulty is 
anticipated and/or the loss of spontaneous respiratory 
effort by the patient may be detrimental (patient with 
an anterior mediastinal mass). It is not only important 
to prepare the patient both psychologically and phar-
macologically for the procedure, but also the team of 
the steps involved. Discussions regarding roles and 
responsibilities should be held before the procedure 
and when time permits, one should call for the difficult 
airway cart as well as additional help from colleagues 
who have expertise in awake TI. Awake TI involves 
2 major components, adequate anesthesia of the air-
way, and judicious sedation. Rapid onset and read-
ily reversible sedative/analgesics should be titrated 
to achieve patient comfort without compromising 
airway patency. Additional preparation includes 
anesthetizing the airway through topical application 
of local anesthetics and appropriate nerve blocks. It 
is vital that a decision regarding awake TI be made 
as early as possible, and a backup plan established 
early in the process if the awake approach proves dif-
ficult. Awake TI using VL has a comparable success 
rate and safety profile to flexible bronchoscopy92 and 
the choice is based on patient factors, operator skills, 

and availability of equipment.93 Detailed recommen-
dations on performing awake TI have been provided 
elsewhere.93

Supraglottic airways (SGAs) can be utilized for 
establishing an airway in out-of-OR intubations and 
while such devices are often used as the primary 
airway in the OR, they are usually used after failed 
intubation as a rescue device in non-OR scenarios.94 
Various types of SGA devices (with the ability to 
accommodate an endotracheal tube) can be used in 
these circumstances and can act as a bridge for going 
to the OR for a definitive airway or as a temporary 
airway before a tracheostomy at the bedside. SGAs 
are an integral part of difficult airway algorithms and 
all providers involved with TI should be familiar with 
their use, and be comfortable at troubleshooting them. 
The endotracheal tube introducer (Bougie) is also 
a useful tool when the epiglottis is visible but vocal 
cords cannot be seen with a significantly higher first 
attempt intubation success reported in emergency 
situations.95 Hence, a bougie may be used for TI in the 
ICU by providers who have experience with its use. 
However, caution needs to be exercised in patients 
with possible laryngeal or tracheal injury as the endo-
tracheal tube introducer can exacerbate the injury.96

Airway Rescue Techniques
The discussion on airway management would be 
incomplete without discussing what to do when 
things do not go according to plan. There are several 
well-known cognitive aids that have been developed 
for when a difficult airway is encountered in the 
OR97,98; however, limited resources exist for out-of-OR 
scenarios.17,56 The Figure proposes a comprehensive 
algorithm for management of emergent out-of-OR 
airway management, including plans for when an 
initial attempt at TI is unsuccessful. Acute patient 
decompensation along with unfavorable situational 
and logistical factors makes this scenario overtly chal-
lenging for even the most experienced providers. It 
is important that providers involved with managing 
emergency out-of-OR airways are prepared for the 
challenges, have practiced the procedural steps, and 
trained to provide leadership during these stressful 
circumstances. Keeping calm, calling for help, and 
rapidly transitioning between different backup plans 
are the keys to success in these circumstances.

HEMODYNAMIC OPTIMIZATION
Hypotension or cardiovascular collapse is common 
during and following TI in critically ill patients, 
with the incidence varying between 25% and 
46%.5,8,18,19,23,99,100 This results from a combination of 
pharmacologically induced sympatholytic action, 
conversion from negative-pressure to positive-pres-
sure ventilation as well as the amelioration of the 
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Figure. Algorithm for management of out-of-OR emergent airway. *Patient may be transferred to higher level of care for further monitoring 
and management. **2 hand technique, use nasal/oral airway, change mask grip. $Surgical cricothyroidotomy, needle cricothyroidotomy with 
a pressure-regulated device, large bore cannula cricothyroidotomy, or surgical tracheostomy. #Surgical cricothyroidotomy, needle cricothyroid-
otomy with a pressure-regulated device, large bore cannula cricothyroidotomy or surgical tracheostomy, retrograde wire guided intubation, 
percutaneous tracheostomy, rigid bronchoscopy, and extracorporeal membrane oxygenation (ECMO). $#Invasive airway should be performed by 
an individual trained in invasive airway techniques, whenever possible. INTUBE study: Russotto et al.5 BiPAP indicates bilevel positive airway 
pressure; BMV, bag mask ventilation; EPAP, expiratory positive airway pressure; Fio2, fraction of inspired oxygen; HFNO, high-flow nasal oxygen; 
IPAP, inspiratory positive airway pressure; NIV, noninvasive ventilation; OR, operating room; SGA, supraglottic airway.
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hypoxia- and hypercarbia-associated sympathetic 
drive. Both peri-intubation hypotension as well as 
hemodynamic instability after intubation are associ-
ated with significant morbidity and mortality.101–105 
The patients’ blood pressure during this time may not 
be a reliable indicator of their hemodynamic status 
as the sympathetic stimulation from a combination 
of hypoxia, hypercarbia, and anxiety may be falsely 
elevating the blood pressure. There is limited pro-
spective data on optimal strategies for hemodynamic 
support during emergency airway management. 
Administration of a fluid bolus before intubation has 
been shown to be of minimal benefit,13 and may actu-
ally cause harm and lead to postintubation hypox-
emia in nonvolume responsive patients.106 If time and 
situation permit, assessment of fluid responsiveness 
by a quick passive leg raising test or bedside point-
of-care ultrasound (POCUS) examination may help 
identify the suitable candidates for a fluid bolus. 
Another widely used intervention to avoid peri-intu-
bation hypotension is the use of bolus or push-dose 
vasopressors and/or continuous infusion of vaso-
pressor agents either during or immediately after 
intubation.49,107 This prophylactic use of vasopressors 
may be an alternative and needs further investigation.

PHARMACOLOGIC MANAGEMENT
Information regarding optimal use and indications 
for induction agents, neuromuscular blocking (NMB) 
agents, and vasopressors in the pharmacologic man-
agement of the out-of-OR airways continues to 
evolve. Decision-making around the optimal use and 
choice of pharmacologic agents to facilitate intubation 
must be individualized with careful consideration 
of each patient’s situation and comorbidity profile. 
Commonly used drugs during airway management 
are presented in Table 4.

Among the induction agents, ketamine, a NMDA 
(N-methyl-D-aspartate) antagonist, preserves the 
patient’s internal respiratory drive at subinduction 

doses, while providing hypnosis. Hence, it is unique in 
its ability to be used for “delayed sequence intubation,” 
wherein airway preparation and preoxygenation may 
be optimized in an otherwise uncooperative or agi-
tated patient.108 However, increased airway secretions 
may become a concern, and pretreatment with glyco-
pyrrolate may be beneficial. It usually does not cause 
hypotension due to its sympathomimetic properties 
from enhanced catecholamine activity,109 but can lead 
to hemodynamic collapse in patients with depleted cat-
echolamine stores. Caution should be exercised with its 
use in patients in whom excessive sympathetic stimula-
tion could be detrimental.110 Further, ketamine can cause 
respiratory depression and apnea at higher doses111 
and hence the dose should be chosen judiciously. The 
combination of ketamine and propofol (ketofol) is often 
used for procedural sedation and based on a recent 
study, may offer an acceptable hemodynamic profile 
when used for intubation in critically ill patients.15 
Etomidate is frequently used in emergent intubations 
in critically ill patients, as it tends not to cause hypo-
tension on induction. However, since it is unable to 
blunt the sympathetic response to intubation, hyper-
tension and increased myocardial oxygen demand are 
a concern with its use. It is a selective adrenocortical 11 
beta-hydroxylase inhibitor and causes transient adre-
nal insufficiency, the clinical implications of which are 
debatable.112 In a large meta-analysis, single-dose etomi-
date did not increase mortality in patients with sepsis 
and similar findings were also observed in an analysis 
conducted by the Cochrane Group.113,114 Corticosteroid 
supplementation, especially in patients with septic 
shock, may mitigate the risk of adrenal insufficiency 
and should be considered.115 Propofol has vasodila-
tory and mild cardiac depressant properties, and can 
have a profound effect on hemodynamics, especially 
in patients with hypovolemia and/or impaired cardiac 
function. Titrating the dose, limiting the initial bolus 
of the drug sometimes to much <0.5/kg (particularly 
in the critically ill or neurologically altered, or the 

Table 4. Commonly Used Drugs During Emergency Out-of-OR Intubations

Drug
Dose  
(intravenous)

Onset  
of action

Duration  
of effect Indications Precautions

Fentanyl 0.5–2 µg/kg 2–3 min 30–60 min Blunt intubation 
response

Respiratory depression, hypotension, rare chest wall rigidity 
at high doses

Etomidate 0.2–0.3 mg/
kg

30–60 s 3–5 min Induction agent, 
hemodynamic stability

Decreases seizure threshold, inhibits cortisol synthesis

Propofol 1–2 mg/kg 10–50 s 3–10 min Induction agent, 
anticonvulsive effects

Hypotension, myocardial depression

Ketamine 1.5–2 mg/kg 1–2 min 5–15 min Induction agent, analge-
sia, bronchodilation, 
hemodynamic stability

Catecholamine surge and its antecedent effects.
Respiratory depression and apnea at high doses
Direct myocardial depression in catecholamine depleted states

Succinylcholine 0.5–2 mg/kg 30–60 s 5–15 min Muscle relaxation, rapid 
onset and offset

Hyperkalemia in susceptible patients, prolonged effect in 
patients with atypical pseudocholinesterase, precipitate 
MH in susceptible patients

Rocuronium 1.2 mg/kg 45–60 s 45–70 min Muscle relaxation Long duration of action

Abbreviations: MH, malignant hyperthermia; OR, operating room.
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elderly), preemptive or concomitant administration of 
vasopressor agents and judicious fluid administration 
may avoid significant hemodynamic perturbations.116 
With a lack of consensus on an ideal induction agent, 
we recommend the use of etomidate or ketamine as the 
first choice induction agent based on specific scenarios 
and suggest that the use of propofol be limited to situ-
ations where TI is required for airway protection in the 
absence of cardiopulmonary compromise.

The choice of paralytic is multifaceted. 
Succinylcholine, which is a depolarizing neuro-
muscular blocker, provides a rapid onset and short 
duration of action. Its use has been associated with 
malignant hyperthermia, a rare yet life-threatening 
condition.117 Also, succinylcholine can cause acute 
hyperkalemia in susceptible patients, due to depo-
larization of the upregulated muscle nicotinic ace-
tylcholine receptors (AChRs), which leads to efflux 
of intracellular potassium into the plasma.118 The 
administration of succinylcholine is contraindicated 
in patients with known decreased plasma cholin-
esterase activity, recent burns or trauma within 24 
to 72 hours, and muscle myopathies. It should be 
used with caution in patients with disuse atrophy, 
those who have been bedridden and in those with 
intraabdominal sepsis lasting longer than 1 week, 
for the risk of succinylcholine-induced hyperkale-
mia.119 Nondepolarizing neuromuscular blockade 
via rocuronium and vecuronium does not carry 
the same risk of malignant hyperthermia or acute 
hyperkalemia, but the onset and duration of action is 
highly dependent on the doses used for intubation. 
Benzylisoquinolinium group of muscle relaxants 
such as atracurium and cis-atracurium, despite hav-
ing a predictable metabolism profile, have no role in 
out-of-OR emergent airway management.

Sugammadex, a modified γ-cyclodextrin, can 
bind to and encapsulate steroidal NMB drugs such 
as rocuronium and vecuronium in the plasma, thus 
reducing their concentration at the neuromuscu-
lar junction and rapidly terminating the block.120 
Sugammadex at a dose of 16 mg/kg has been found to 
reverse neuromuscular block 3 minutes after adminis-
tration of RSI doses of rocuronium.121–123 Nevertheless, 
It is important to note that waking up the patient 
may not be an option in most out-of-OR intubations, 
especially in the critically ill patients. Waking up the 
patient should only be considered in stable patients in 
whom rescue ventilation using a facemask or supra-
glottic airway device is feasible. While meta-analyses 
have reported that the intubating conditions are better 
with succinylcholine,124,125 a recent study showed that 
clinician grading of intubating conditions was similar 
with both these drugs, and intubation-related com-
plications occurred more often in the succinylcholine 
group.126 The evidence comparing rocuronium with 

succinylcholine should be interpreted while account-
ing for the dose of rocuronium used, since higher 
doses of rocuronium may have significantly different 
onset of action as well as intubating conditions.127–130 
Further, the use of rocuronium can be “optimized” to 
match the speed of onset of succinylcholine, not only 
by using higher doses but also by generous bolus 
injections of saline flushes after intravenous adminis-
tration.131–133 There is also a theoretic benefit of using 
a nondepolarizing agent for such intubations as the 
fasciculations associated with succinylcholine may 
increase oxygen consumption and decrease apnea 
time or result in frank desaturation.134 Further stud-
ies are needed to assess the differences in outcomes 
with the use of these drugs for out-of-OR intubations 
before recommending one versus the other.

AREAS OF FUTURE RESEARCH
Facial appearance may enhance the ability to predict 
a difficult airway. The use of AI enabled automatic 
face-analysis approach to detect morphological traits 
related to difficult intubation can be very helpful, 
especially in uncooperative patients and needs eval-
uation.135 Considering that personalized approach 
may be necessary for the unique experiences seen 
in out-of-OR intubations, further classification of 
such scenarios based on organ system involvement 
and simulation-based research on optimizing each 
scenario may be necessary. Also, simulation-based 
teaching of leadership skills, teamwork and com-
munication, procedural efficiency, and speed needs 
further exploration. The role of POCUS in such sce-
narios could be lifesaving and addition of POCUS 
to assess patient’s cardiopulmonary status as well as 
gastric contents before each TI akin to an anatomic 
airway assessment needs evaluation. Simulation-
based training modules can help prepare providers 
for the various challenges associated with out-of-
OR emergent airways and integration of such mod-
ules into the training curriculum needs methodical 
examination. Studies investigating patient position-
ing, techniques for preoxygenation as well as apneic 
oxygenation, and the role of RSI/Sellick’s maneuver 
based on patients’ physiologic derangements rather 
than location would be beneficial. The controversy 
surrounding the use of VL or DL as the first choice 
continues and should be reexplored within the con-
text of training specific to each group of providers. 
Future study should also address device develop-
ment, including different blade shapes, angles, 
lengths, and cameras as well as stylet modifications 
including flexibility allowing for dynamic naviga-
tion. Last but not least, the optimum choice of drugs 
for induction of anesthesia as well as muscle relax-
ation based on patient’ physiological perturbations 
should be evaluated.
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SUMMARY
As airway experts, anesthesia providers must be pre-
pared to take their skills from the OR to less controlled 
environments in various other areas of the hospital for 
emergent airway management. Considering the high 
rates of complications associated with emergency air-
way management out of the OR, it is prudent that a 
well-thought out, patient and situation-specific plan is 
established before the procedure. A thorough airway 
examination including assessment of physiological chal-
lenges, availability of appropriate personnel and equip-
ment, hemodynamic goal setting, and multidisciplinary 
collaboration are essential to improve patient outcomes. 
Pre- and apneic oxygenation should be considered in 
patients with precarious respiratory status and optimi-
zation of hemodynamics with pressors or fluid adminis-
tration should be tailored to individual patient needs. E

DISCLOSURES
Name: Kunal Karamchandani, MD, FCCP, FCCM.
Contribution: This author helped conceptualize, write, and 
edit the manuscript.
Conflicts of Interest: None.
Name: Jonathan Wheelwright, DO.
Contribution: This author helped conduct literature search and 
write the manuscript.
Conflicts of Interest: None.
Name: Ae Lim Yang, BS.
Contribution: This author helped conduct literature search and 
write the manuscript.
Conflicts of Interest: None.
Name: Nathaniel D. Westphal, MD.
Contribution: This author helped write and edit the manuscript.
Conflicts of Interest: None.
Name: Ashish K. Khanna, MD, FCCP, FCCM.
Contribution: This author helped edit and refine the 
manuscript.
Conflicts of Interest: A. K. Khanna is supported by a NIH/
NCATS (National Institute of Health/National Center for 
Advancing Transplational Sciences) Wake Forest University 
CTSI (Clinical and Translational Science Institute) KL2 award 
TR001421 for a pilot trial of continuous portable postoperative 
hemodynamic and saturation monitoring on hospital wards.
Name: Sheila N. Myatra, MD, FCCM, FICCM.
Contribution: This author helped edit and refine the 
manuscript.
Conflicts of Interest: None.
This manuscript was handled by: Narasimhan Jagannathan, 
MD, MBA.

REFERENCES
 1. Cook T, Behringer EC, Benger J. Airway management out-

side the operating room: hazardous and incompletely stud-
ied. Curr Opin Anaesthesiol. 2012;25:461–469.

 2. Mort TC. Emergency tracheal intubation: complications 
associated with repeated laryngoscopic attempts. Anesth 
Analg. 2004;99:607–613.

 3. Mort TC. Complications of emergency tracheal intubation: 
immediate airway-related consequences: part II. J Intensive 
Care Med. 2007;22:208–215.

 4. Mort TC. Complications of emergency tracheal intuba-
tion: hemodynamic alterations–part I. J Intensive Care Med. 
2007;22:157–165.

 5. Russotto V, Myatra SN, Laffey JG, et al; INTUBE Study 
Investigators. Intubation practices and adverse peri-intu-
bation events in critically Ill patients from 29 Countries. 
JAMA. 2021;325:1164–1172.

 6. Mosier JM, Joshi R, Hypes C, Pacheco G, Valenzuela T, 
Sakles JC. The physiologically difficult airway. West J Emerg 
Med. 2015;16:1109–1117.

 7. Cook TM, Woodall N, Harper J, Benger J; Fourth National 
Audit Project. Major complications of airway management 
in the UK: results of the Fourth National Audit Project of 
the Royal College of Anaesthetists and the Difficult Airway 
Society. Part 2: intensive care and emergency departments. 
Br J Anaesth. 2011;106:632–642.

 8. De Jong A, Rolle A, Molinari N, et al. Cardiac arrest and 
mortality related to intubation procedure in critically Ill 
adult patients: a multicenter cohort study. Crit Care Med. 
2018;46:532–539.

 9. Marin J, Davison D, Pourmand A. Emergent endotracheal 
intubation associated cardiac arrest, risks, and emergency 
implications. J Anesth. 2019;33:454–462.

 10. Park C. Risk factors associated with inpatient cardiac arrest 
during emergency endotracheal intubation at general 
wards. Acute Crit Care. 2019;34:212–218.

 11. Smischney NJ, Seisa MO, Heise KJ, et al. Predictors of 
arterial desaturation during intubation: a nested case-
control study of airway management-part I. J Thorac Dis. 
2017;9:3996–4005.

 12. Seisa MO, Gondhi V, Demirci O, Diedrich DA, Kashyap R, 
Smischney NJ. Survey on the current state of endotracheal 
intubation among the critically ill: HEMAIR investigators. J 
Intensive Care Med. 2018;33:354–360.

 13. Smischney NJ, Khanna AK, Brauer E, et al. Risk fac-
tors for and outcomes associated with peri-intubation 
hypoxemia: a multicenter prospective cohort study. J 
Intensive Care Med. Published online October 1, 2020. doi: 
10.1177/0885066620962445.

 14. Smischney NJ, Kashyap R, Khanna AK, et al; SCCM 
Discovery (Critical Care Research Network of Critical Care 
Medicine) HEMAIR Investigators Consortium. Risk factors 
for and prediction of post-intubation hypotension in criti-
cally ill adults: a multicenter prospective cohort study. PLoS 
One. 2020;15:e0233852.

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

 16. Smischney N, Kashyap R, Seisa M, Schroeder D, Diedrich 
D. Endotracheal intubation among the critically Ill: protocol 
for a multicenter, observational, prospective study. JMIR 
Res Protoc. 2018;7:e11101.

 17. Myatra SN, Ahmed SM, Kundra P, et al. The All India 
Difficult Airway Association 2016 guidelines for tracheal 
intubation in the intensive care unit. Indian J Anaesth. 
2016;60:922–930.

 18. Griesdale DE, Bosma TL, Kurth T, Isac G, Chittock DR. 
Complications of endotracheal intubation in the critically 
ill. Intensive Care Med. 2008;34:1835–1842.

 19. Jaber S, Amraoui J, Lefrant JY, et al. Clinical practice and 
risk factors for immediate complications of endotracheal 
intubation in the intensive care unit: a prospective, multi-
ple-center study. Crit Care Med. 2006;34:2355–2361.

 20. Martin LD, Mhyre JM, Shanks AM, Tremper KK, Kheterpal 
S. 3,423 emergency tracheal intubations at a university hos-
pital: airway outcomes and complications. Anesthesiology. 
2011;114:42–48.

 21. Park L, Zeng I, Brainard A. Systematic review and meta-
analysis of first-pass success rates in emergency department 



Copyright © 2021 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

E  NarratiVe reView article

September 2021 • Volume 133 • Number 3 www.anesthesia-analgesia.org 659

intubation: creating a benchmark for emergency airway 
care. Emerg Med Australas. 2017;29:40–47.

 22. Schwartz DE, Matthay MA, Cohen NH. Death and other 
complications of emergency airway management in criti-
cally ill adults. A prospective investigation of 297 tracheal 
intubations. Anesthesiology. 1995;82:367–376.

 23. Smischney NJ, Seisa MO, Heise KJ, et al. Practice of 
intubation of the critically ill at Mayo clinic. J Intensive 
Care Med. Published online January 1, 2017. doi: 
10.1177/0885066617691495.

 24. Yoon U, Mojica J, Wiltshire M, et al. Emergent airway man-
agement outside of the operating room - a retrospective 
review of patient characteristics, complications and ICU 
stay. BMC Anesthesiol. 2019;19:220.

 25. Shiga T, Wajima Z, Inoue T, Sakamoto A. Predicting diffi-
cult intubation in apparently normal patients: a meta-anal-
ysis of bedside screening test performance. Anesthesiology. 
2005;103:429–437.

 26. Roth D, Pace NL, Lee A, et al. Airway physical examina-
tion tests for detection of difficult airway management in 
apparently normal adult patients. Cochrane Database Syst 
Rev. 2018;5:CD008874.

 27. Bair AE, Caravelli R, Tyler K, Laurin EG. Feasibility of the 
preoperative Mallampati airway assessment in emergency 
department patients. J Emerg Med. 2010;38:677–680.

 28. Levitan RM, Everett WW, Ochroch EA. Limitations of dif-
ficult airway prediction in patients intubated in the emer-
gency department. Ann Emerg Med. 2004;44:307–313.

 29. De Jong A, Molinari N, Terzi N, et al; AzuRéa Network 
for the Frida-Réa Study Group. Early identification of 
patients at risk for difficult intubation in the intensive care 
unit: development and validation of the MACOCHA score 
in a multicenter cohort study. Am J Respir Crit Care Med. 
2013;187:832–839.

 30. Gaither JB, Spaite DW, Stolz U, Ennis J, Mosier J, Sakles 
JJ. Prevalence of difficult airway predictors in cases of 
failed prehospital endotracheal intubation. J Emerg Med. 
2014;47:294–300.

 31. DuCanto J, Serrano KD, Thompson RJ. Novel airway 
training tool that simulates vomiting: Suction-Assisted 
Laryngoscopy Assisted Decontamination (SALAD) system. 
West J Emerg Med. 2017;18:117–120.

 32. Shrimpton A, Gregson FKA, Cook TM, et al. A quantitative 
evaluation of aerosol generation during tracheal intubation 
and extubation: a reply. Anaesthesia. 2021;76(suppl 3):16–18.

 33. Dhillon RS, Rowin WA, Humphries RS, et al; Clinical 
Aerosolisation Study Group. Aerosolisation during tracheal 
intubation and extubation in an operating theatre setting. 
Anaesthesia. 2021;76:182–188.

 34. van Doremalen N, Bushmaker T, Morris DH, et al. Aerosol 
and surface stability of SARS-CoV-2 as compared with 
SARS-CoV-1. N Engl J Med. 2020;382:1564–1567.

 35. El-Boghdadly K, Wong DJN, Owen R, et al. Risks to health-
care workers following tracheal intubation of patients with 
COVID-19: a prospective international multicentre cohort 
study. Anaesthesia. 2020;75:1437–1447.

 36. Brewster DJ, Groombridge CJ, Gatward JJ. Consensus 
statement: Safe Airway Society principles of airway man-
agement and tracheal intubation specific to the COVID-19 
adult patient group. Med J Aust. 2021;214:46–46.e1.

 37. Cook TM, El-Boghdadly K, McGuire B, McNarry AF, 
Patel A, Higgs A. Consensus guidelines for managing the 
airway in patients with COVID-19: Guidelines from the 
Difficult Airway Society, the Association of Anaesthetists 
the Intensive Care Society, the Faculty of Intensive 
Care Medicine and the Royal College of Anaesthetists. 
Anaesthesia. 2020;75:785–799.

 38. Zuo MZ, Huang YG, Ma WH, et al. Expert recommendations 
for tracheal intubation in critically ill patients with noval 
coronavirus disease 2019. Chin Med Sci J. 2020;35:105–109.

 39. Verdiner RE, Choukalas CG, Siddiqui S, et al. COVID-
activated emergency scaling of anesthesiology responsibili-
ties intensive care unit. Anesth Analg. 2020;131:365–377.

 40. Joffe AM. Use your SMARTs (Some Kind of Multidisciplinary 
Airway Response Team) for emergent airway management 
outside the operating room. Anesth Analg. 2015;121:11–13.

 41. El-Shafy IA, Delgado J, Akerman M, Bullaro F, 
Christopherson NAM, Prince JM. Closed-loop communica-
tion improves task completion in pediatric trauma resusci-
tation. J Surg Educ. 2018;75:58–64.

 42. Manser T. Teamwork and patient safety in dynamic domains 
of healthcare: a review of the literature. Acta Anaesthesiol 
Scand. 2009;53:143–151.

 43. King HB, Battles J, Baker DP, et al. TeamSTEPPS(): Team 
strategies and tools to enhance performance and patient 
safety. In: Henriksen K, Battles JB, Keyes MA, Grady ML, 
eds. Advances in Patient Safety: New Directions and Alternative 
Approaches (Vol. 3: Performance and Tools); 2008.

 44. Mayo PH, Hackney JE, Mueck JT, Ribaudo V, Schneider RF. 
Achieving house staff competence in emergency airway 
management: results of a teaching program using a comput-
erized patient simulator. Crit Care Med. 2004;32:2422–2427.

 45. Gawande A. The checklist: if something so simple can 
transform intensive care, what else can it do? New Yorker. 
2007:86–101.

 46. Pronovost P, Needham D, Berenholtz S, et al. An interven-
tion to decrease catheter-related bloodstream infections in 
the ICU. N Engl J Med. 2006;355:2725–2732.

 47. Turner JS, Bucca AW, Propst SL, et al. Association of check-
list use in endotracheal intubation with clinically important 
outcomes: a systematic review and meta-analysis. JAMA 
Netw Open. 2020;3:e209278.

 48. Prielipp RC, Coursin DB. All that glitters is not a golden 
recommendation. Anesth Analg. 2015;121:727–733.

 49. Jaber S, Jung B, Corne P, et al. An intervention to decrease 
complications related to endotracheal intubation in the 
intensive care unit: a prospective, multiple-center study. 
Intensive Care Med. 2010;36:248–255.

 50. Brindley PG, Beed M, Law JA, et al. Airway management 
outside the operating room: how to better prepare. Can J 
Anaesth. 2017;64:530–539.

 51. Chrimes N. The Vortex: a universal ‘high-acuity imple-
mentation tool’ for emergency airway management. Br J 
Anaesth. 2016;117(suppl 1):i20–i27.

 52. Starmer AJ, O’Toole JK, Rosenbluth G, et al; I-PASS Study 
Education Executive Committee. Development, implemen-
tation, and dissemination of the I-PASS handoff curriculum: 
a multisite educational intervention to improve patient 
handoffs. Acad Med. 2014;89:876–884.

 53. Semler MW, Janz DR, Russell DW, et al; Check-UP 
Investigators(*); Pragmatic Critical Care Research Group. A 
multicenter, randomized trial of ramped position vs sniff-
ing position during endotracheal intubation of critically ill 
adults. Chest. 2017;152:712–722.

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

 55. Khandelwal N, Khorsand S, Mitchell SH, Joffe AM. Head-
elevated patient positioning decreases complications of 
emergent tracheal intubation in the ward and Intensive 
Care Unit. Anesth Analg. 2016;122:1101–1107.

 56. Higgs A, McGrath BA, Goddard C, et al; Difficult Airway 
Society; Intensive Care Society; Faculty of Intensive Care 
Medicine; Royal College of Anaesthetists. Guidelines 



Copyright © 2021 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
660   www.anesthesia-analgesia.org aNeStHeSia & aNalGeSia

Emergency Nonoperating Room Airway Management

for the management of tracheal intubation in critically ill 
adults. Br J Anaesth. 2018;120:323–352.

 57. Natt BS, Malo J, Hypes CD, Sakles JC, Mosier JM. Strategies 
to improve first attempt success at intubation in critically ill 
patients. Br J Anaesth. 2016;117(suppl 1):i60–i68.

 58. Myatra SN. Optimal position for laryngoscopy - time 
for individualization? J Anaesthesiol Clin Pharmacol. 
2019;35:289–291.

 59. Russotto V, Myatra SN, Laffey JG. What’s new in air-
way management of the critically ill. Intensive Care Med. 
2019;45:1615–1618.

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

 61. Baillard C, Fosse JP, Sebbane M, et al. Noninvasive ventila-
tion improves preoxygenation before intubation of hypoxic 
patients. Am J Respir Crit Care Med. 2006;174:171–177.

 62. Baillard C, Prat G, Jung B, et al. Effect of preoxygenation 
using non-invasive ventilation before intubation on subse-
quent organ failures in hypoxaemic patients: a randomised 
clinical trial. Br J Anaesth. 2018;120:361–367.

 63. Baillard C, Depret F, Levy V, Boubaya M, Beloucif S. 
Incidence and prediction of inadequate preoxygenation 
before induction of anaesthesia. Ann Fr Anesth Reanim. 
2014;33:e55–e58.

 64. Patel A, Nouraei SA. Transnasal Humidified Rapid-
Insufflation Ventilatory Exchange (THRIVE): a physio-
logical method of increasing apnoea time in patients with 
difficult airways. Anaesthesia. 2015;70:323–329.

 65. Jaber S, Monnin M, Girard M, et al. Apnoeic oxygenation 
via high-flow nasal cannula oxygen combined with non-
invasive 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.

 66. De Jong A, Casey JD, Myatra SN. Focus on noninvasive 
respiratory support before and after mechanical ventilation 
in patients with acute respiratory failure. Intensive Care Med. 
2020;46:1460–1463.

 67. Myatra SN. Airway management in the critically ill. Curr 
Opin Crit Care. 2021;27:37–45.

 68. Casey JD, Janz DR, Russell DW, et al; PreVent Investigators 
and the Pragmatic Critical Care Research Group. Bag-mask 
ventilation during tracheal intubation of critically Ill adults. 
N Engl J Med. 2019;380:811–821.

 69. Sellick BA. Cricoid pressure to control regurgitation of 
stomach contents during induction of anaesthesia. Lancet. 
1961;2:404–406.

 70. Ellis DY, Harris T, Zideman D. Cricoid pressure in emer-
gency department rapid sequence tracheal intubations: a 
risk-benefit analysis. Ann Emerg Med. 2007;50:653–665.

 71. Birenbaum A, Hajage D, Roche S, et al; IRIS Investigators 
Group. Effect of cricoid pressure compared with a sham 
procedure in the rapid sequence induction of anesthesia: the 
IRIS randomized clinical trial. JAMA Surg. 2019;154:9–17.

 72. Rice MJ, Mancuso AA, Gibbs C, Morey TE, Gravenstein N, 
Deitte LA. Cricoid pressure results in compression of the 
postcricoid hypopharynx: the esophageal position is irrel-
evant. Anesth Analg. 2009;109:1546–1552.

 73. Tournadre JP, Chassard D, Berrada KR, Boulétreau P. 
Cricoid cartilage pressure decreases lower esophageal 
sphincter tone. Anesthesiology. 1997;86:7–9.

 74. Haslam N, Parker L, Duggan JE. Effect of cricoid pressure 
on the view at laryngoscopy. Anaesthesia. 2005;60:41–47.

 75. Ladopoulos T, Giannaki M, Alexopoulou C, Proklou A, 
Pediaditis E, Kondili E. Gastrointestinal dysmotility in criti-
cally ill patients. Ann Gastroenterol. 2018;31:273–281.

 76. Hypes C, Sakles J, Joshi R, et al. Failure to achieve first 
attempt success at intubation using video laryngoscopy is 
associated with increased complications. Intern Emerg Med. 
2017;12:1235–1243.

 77. Sakles JC, Chiu S, Mosier J, Walker C, Stolz U. The importance 
of first pass success when performing orotracheal intubation 
in the emergency department. Acad Emerg Med. 2013;20:71–78.

 78. Schulte TE, Ringenberg KJ, Lisco SJ, Sayles H, Shillcutt SK. 
Trainee experience and success of urgent airway manage-
ment. J Clin Anesth. 2016;35:536–542.

 79. Bernhard M, Mohr S, Weigand MA, Martin E, Walther A. 
Developing the skill of endotracheal intubation: implication for 
emergency medicine. Acta Anaesthesiol Scand. 2012;56:164–171.

 80. DeMaria S Jr, Berman DJ, Goldberg A, Lin HM, Khelemsky 
Y, Levine AI. Team-based model for non-operating room 
airway management: validation using a simulation-based 
study. Br J Anaesth. 2016;117:103–108.

 81. Doerschug KC. Counterpoint: should an anesthesiologist 
be the specialist of choice in managing the difficult airway 
in the ICU? Not necessarily. Chest. 2012;142:1375–1377.

 82. Walz JM. Point: should an anesthesiologist be the specialist 
of choice in managing the difficult airway in the ICU? Yes. 
Chest. 2012;142:1372–1374.

 83. Chiaghana C, Giordano C, Cobb D, Vasilopoulos T, Tighe 
PJ, Sappenfield JW. Emergency department airway man-
agement responsibilities in the United States. Anesth Analg. 
2019;128:296–301.

 84. Taboada M, Doldan P, Calvo A, et al. Comparison of tra-
cheal intubation conditions in operating room and intensive 
care unit: a prospective, observational study. Anesthesiology. 
2018;129:321–328.

 85. Turkstra TP, Craen RA, Pelz DM, Gelb AW. Cervical spine 
motion: a fluoroscopic comparison during intubation with 
lighted stylet, GlideScope, and Macintosh laryngoscope. 
Anesth Analg. 2005;101:910–915.

 86. Arulkumaran N, Lowe J, Ions R, Mendoza M, Bennett V, 
Dunser MW. Videolaryngoscopy versus direct laryngoscopy 
for emergency orotracheal intubation outside the operating 
room: a systematic review and meta-analysis. Br J Anaesth. 
2018;120:712–724.

 87. Cabrini L, Landoni G, Baiardo Redaelli M, et al. Tracheal 
intubation in critically ill patients: a comprehensive system-
atic review of randomized trials. Crit Care. 2018;22:6.

 88. De Jong A, Molinari N, Conseil M, et al. Video laryngos-
copy versus direct laryngoscopy for orotracheal intubation 
in the intensive care unit: a systematic review and meta-
analysis. Intensive Care Med. 2014;40:629–639.

 89. Lewis SR, Butler AR, Parker J, Cook TM, Schofield-Robinson 
OJ, Smith AF. Videolaryngoscopy versus direct laryngos-
copy for adult patients requiring tracheal intubation: a 
Cochrane Systematic Review. Br J Anaesth. 2017;119:369–383.

 90. Lewis SR, Butler AR, Parker J, Cook TM, Smith AF. 
Videolaryngoscopy versus direct laryngoscopy for adult 
patients requiring tracheal intubation. Cochrane Database Syst 
Rev. 2016;11:CD011136.

 91. Kreutziger J, Hornung S, Harrer C, et al. Comparing the 
McGrath mac video laryngoscope and direct laryngoscopy 
for prehospital emergency intubation in air rescue patients: 
a multicenter, randomized, controlled trial. Crit Care Med. 
2019;47:1362–1370.

 92. Alhomary M, Ramadan E, Curran E, Walsh SR. 
Videolaryngoscopy vs. fibreoptic bronchoscopy for awake 
tracheal intubation: a systematic review and meta-analysis. 
Anaesthesia. 2018;73:1151–1161.



Copyright © 2021 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

E  NarratiVe reView article

September 2021 • Volume 133 • Number 3 www.anesthesia-analgesia.org 661

 93. Ahmad I, El-Boghdadly K, Bhagrath R, et al. Difficult 
Airway Society guidelines for awake tracheal intubation 
(ATI) in adults. Anaesthesia. 2020;75:509–528.

 94. Shavit I, Aviram E, Hoffmann Y, Biton O, Glassberg E. 
Laryngeal mask airway as a rescue device for failed endo-
tracheal intubation during scene-to-hospital air transport 
of combat casualties. Eur J Emerg Med. 2018;25:368–371.

 95. Driver BE, Prekker ME, Klein LR, et al. Effect of use of 
a bougie vs endotracheal tube and stylet on first-attempt 
intubation success among patients with difficult airways 
undergoing emergency intubation: a randomized clinical 
trial. JAMA. 2018;319:2179–2189.

 96. Kalingarayar S, Nandhakumar A, Subramanian S, 
Namboothiri S. Airway trauma during difficult intuba-
tion… from the frying pan into the fire? Indian J Anaesth. 
2017;61:437–439.

 97. Frerk C, Mitchell VS, McNarry AF, et al; Difficult Airway 
Society intubation guidelines working group. Difficult 
Airway Society 2015 guidelines for management of 
unanticipated difficult intubation in adults. Br J Anaesth. 
2015;115:827–848.

 98. Apfelbaum JL, Hagberg CA, Caplan RA, et al; American 
Society of Anesthesiologists Task Force on Management of 
the Difficult Airway. Practice guidelines for management 
of the difficult airway: an updated report by the American 
Society of Anesthesiologists Task Force on Management 
of the Difficult Airway. Anesthesiology. 2013;118:251–270.

 99. Perbet S, De Jong A, Delmas J, et al. Incidence of and risk 
factors for severe cardiovascular collapse after endotra-
cheal intubation in the ICU: a multicenter observational 
study. Crit Care. 2015;19:257.

 100. Simpson GD, Ross MJ, McKeown DW, Ray DC. Tracheal 
intubation in the critically ill: a multi-centre national 
study of practice and complications. Br J Anaesth. 
2012;108:792–799.

 101. Heffner AC, Swords D, Kline JA, Jones AE. The frequency 
and significance of postintubation hypotension during 
emergency airway management. J Crit Care. 2012;27:417 
e419–413.

 102. Heffner AC, Swords DS, Neale MN, Jones AE. Incidence 
and factors associated with cardiac arrest complicat-
ing emergency airway management. Resuscitation. 
2013;84:1500–1504.

 103. Heffner AC, Swords DS, Nussbaum ML, Kline JA, Jones 
AE. Predictors of the complication of postintubation 
hypotension during emergency airway management. J 
Crit Care. 2012;27:587–593.

 104. Smischney NJ. Predictors of hemodynamic derangement 
during intubation in the critically ill: a nested case-control 
study of hemodynamic management - part II. J Crit Care. 
2017;42:374.

 105. Smischney NJ, Seisa MO, Heise KJ, et al. Predictors of 
hemodynamic derangement during intubation in the 
critically ill: a nested case-control study of hemodynamic 
management-Part II. J Crit Care. 2018;44:179–184.

 106. Janz DR, Casey JD, Semler MW, et al; PrePARE 
Investigators; Pragmatic Critical Care Research Group. 
Effect of a fluid bolus on cardiovascular collapse among 
critically ill adults undergoing tracheal intubation 
(PrePARE): a randomised controlled trial. Lancet Respir 
Med. 2019;7:1039–1047.

 107. Weingart S. Push-dose pressors for immediate blood pres-
sure control. Clin Exp Emerg Med. 2015;2:131–132.

 108. Merelman AH, Perlmutter MC, Strayer RJ. Alternatives 
to rapid sequence intubation: contemporary air-
way management with ketamine. West J Emerg Med. 
2019;20:466–471.

 109. White JM, Ryan CF. Pharmacological properties of ket-
amine. Drug Alcohol Rev. 1996;15:145–155.

 110. Lippmann M, Appel PL, Mok MS, Shoemaker WC. 
Sequential cardiorespiratory patterns of anesthetic induc-
tion with ketamine in critically ill patients. Crit Care Med. 
1983;11:730–734.

 111. Kakazu C, Lippmann M, Hsu D. Ketamine: a positive-
negative anaesthetic agent. Br J Anaesth. 2016;117:267.

 112. Flynn G, Shehabi Y. Pro/con debate: is etomidate safe 
in hemodynamically unstable critically ill patients? Crit 
Care. 2012;16:227.

 113. Bruder EA, Ball IM, Ridi S, Pickett W, Hohl C. Single 
induction dose of etomidate versus other induction 
agents for endotracheal intubation in critically ill patients. 
Cochrane Database Syst Rev. 2015;1:CD010225.

 114. Gu WJ, Wang F, Tang L, Liu JC. Single-dose etomidate does 
not increase mortality in patients with sepsis: a systematic 
review and meta-analysis of randomized controlled trials 
and observational studies. Chest. 2015;147:335–346.

 115. Jung B, Clavieras N, Nougaret S, et al. Effects of etomidate 
on complications related to intubation and on mortality in 
septic shock patients treated with hydrocortisone: a pro-
pensity score analysis. Crit Care. 2012;16:R224.

 116. Koenig SJ, Lakticova V, Narasimhan M, Doelken P, Mayo 
PH. Safety of propofol as an induction agent for urgent 
endotracheal intubation in the medical Intensive Care 
Unit. J Intensive Care Med. 2015;30:499–504.

 117. Halliday NJ. Malignant hyperthermia. J Craniofac Surg. 
2003;14:800–802.

 118. Martyn JA, Richtsfeld M. Succinylcholine-induced 
hyperkalemia in acquired pathologic states: etiologic 
factors and molecular mechanisms. Anesthesiology. 
2006;104:158–169.

 119. Kohlschütter B, Baur H, Roth F. Suxamethonium-induced 
hyperkalaemia in patients with severe intra-abdominal 
infections. Br J Anaesth. 1976;48:557–562.

 120. Naguib M. Sugammadex: another milestone in clini-
cal neuromuscular pharmacology. Anesth Analg. 
2007;104:575–581.

 121. de Boer HD, Driessen JJ, Marcus MA, Kerkkamp H, 
Heeringa M, Klimek M. Reversal of rocuronium-induced 
(1.2 mg/kg) profound neuromuscular block by sugam-
madex: a multicenter, dose-finding and safety study. 
Anesthesiology. 2007;107:239–244.

 122. Lee C, Jahr JS, Candiotti KA, Warriner B, Zornow 
MH, Naguib M. Reversal of profound neuromus-
cular block by sugammadex administered three 
minutes after rocuronium: a comparison with sponta-
neous recovery from succinylcholine. Anesthesiology. 
2009;110:1020–1025.

 123. Pühringer FK, Rex C, Sielenkämper AW, et al. Reversal of 
profound, high-dose rocuronium-induced neuromuscu-
lar blockade by sugammadex at two different time points: 
an international, multicenter, randomized, dose-finding, 
safety assessor-blinded, phase II trial. Anesthesiology. 
2008;109:188–197.

 124. Perry J, Lee J, Wells G. Rocuronium versus succinylcho-
line for rapid sequence induction intubation. Cochrane 
Database Syst Rev. 2003:CD002788.

 125. Tran DTT, Newton EK, Mount VAH, et al. Rocuronium vs. 
succinylcholine for rapid sequence intubation: a Cochrane 
systematic review. Anaesthesia. 2017;72:765–777.

 126. Guihard B, Chollet-Xémard C, Lakhnati P, et al. Effect 
of rocuronium vs succinylcholine on endotracheal intu-
bation success rate among patients undergoing out-of-
hospital rapid sequence intubation: a randomized clinical 
trial. JAMA. 2019;322:2303–2312.



Copyright © 2021 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
662   www.anesthesia-analgesia.org aNeStHeSia & aNalGeSia

Emergency Nonoperating Room Airway Management

 127. Andrews JI, Kumar N, van den Brom RH, Olkkola KT, 
Roest GJ, Wright PM. A large simple randomized trial 
of rocuronium versus succinylcholine in rapid-sequence 
induction of anaesthesia along with propofol. Acta 
Anaesthesiol Scand. 1999;43:4–8.

 128. Chavan SG, Gangadharan S, Gopakumar AK. Comparison 
of rocuronium at two different doses and succinylcholine 
for endotracheal intubation in adult patients for elective 
surgeries. Saudi J Anaesth. 2016;10:379–383.

 129. Heier T, Caldwell JE. Rapid tracheal intubation with large-
dose rocuronium: a probability-based approach. Anesth 
Analg. 2000;90:175–179.

 130. Weiss JH, Gratz I, Goldberg ME, Afshar M, Insinga F, 
Larijani G. Double-blind comparison of two doses of 
rocuronium and succinylcholine for rapid-sequence intu-
bation. J Clin Anesth. 1997;9:379–382.

 131. Ishigaki S, Masui K, Kazama T. Saline flush after 
rocuronium bolus reduces onset time and prolongs 

duration of effect: a randomized clinical trial. Anesth 
Analg. 2016;122:706–711.

 132. Kulkarni M, Chuchendra LS, Bhavya PJ. The role of bolus 
injection of saline with arm elevation on rocuronium 
onset time: a randomized control study. Anesth Essays Res. 
2018;12:55–59.

 133. April MD, Arana A, Pallin DJ, et al; NEAR Investigators. 
Emergency department intubation success with succi-
nylcholine versus rocuronium: a National Emergency 
Airway Registry Study. Ann Emerg Med. 2018;72:645–653.

 134. Tang L, Li S, Huang S, Ma H, Wang Z. Desaturation fol-
lowing rapid sequence induction using succinylcholine 
vs. rocuronium in overweight patients. Acta Anaesthesiol 
Scand. 2011;55:203–208.

 135. Cuendet GL, Schoettker P, Yüce A, et al. Facial image 
analysis for fully automatic prediction of difficult 
endotracheal intubation. IEEE Trans Biomed Eng. 
2016;63:328–339.


