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Airway management in the critically ill patient with
COVID-19

Audrey De Jong® and Ashish K. Khanna™°

Purpose of review

Critically ill Coronavirus disease 2019 (COVID-19) patients needing endotracheal intubation are on the
verge of rapid decompensation. The aims of this review were to assess the risks, the preoxygenation, the
device and the hemodynamic management of a patient with COVID-19.

Recent findings

The proceduralist performing endotracheal intubation with the entire team are at an increased risk for
exposure to COVID-19. Appropriate personal protective equipment and other measures remain essential.
For preoxygenation, noninvasive ventilation allows higher oxygen saturation during intubation in severely
hypoxemic patients and can be associated with apneic oxygenation and mask ventilation during apnea in

selected cases. The COVID-19 pandemic has further highlighted the place of videolaryngoscopy during
intubation in intensive care unit (ICU). Hemodynamic optimization is mandatory to limit hypotension and
cardiac arrest associated with airway management.

Summary

Future trials will better define the role of videolaryngoscopy, apneic oxygenation and mask ventilation
during apnea for intubation of COVID-19 patients in ICU. The use of fluid loading and vasopressors
remains to be investigated in large randomized controlled studies. Choosing the right time for intubation
remains uncertain in clinical practice, and future works will probably help to identify earlier the patients

who will need intubation.
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INTRODUCTION

Although airway management in critically ill
patients represents a challenge for the anesthesiolo-
gist, the critically ill patient with coronavirus disease
2019 (COVID-19) is considerably more difficult [1].
Postintubation hypotension and hypoxemia are
common in critically ill patients and may be associ-
ated with poor outcomes [2*"]. Specifically, critically
ill COVID-19 patients needing endotracheal intuba-
tion are on the verge of rapid cardiorespiratory
decompensation. They have been exposed to long
durations of noninvasive and sometimes high-pres-
sure ventilation, or a combination of various high
flow oxygen delivery devices. In addition, patients
with COVID-19 are often managed on the ‘drier
side’ so most are hypovolemic by the time intuba-
tion becomes a necessity. Finally, a large majority of
these patients are hypoxemic, tachypnoeic, tachy-
cardic and encephalopathic as well. In combination,
these factors suggest that sudden and catastrophic
cardiorespiratory compromise is possible prior to
and immediately after endotracheal intubation.

COVID-19 associated barotrauma-related (ARDS)
and changes in lung compliance prior to and after
intubation vary in published [3,4]. Taken together,
the limited preintubation physiological reserve,
increased propensity for sudden cardiovascular col-
lapse during intubation, increased risk of peri-intu-
bation hypoxemia and postintubation barotrauma
related complications make for a substantially
increased intubation risk in these patients [1]. In
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e Airway management of a patient with COVID-19 is
especially difficult and associated with increased risk
of complications.

e Appropriate protection of the healthcare workers,
airway instrumentation providers, good
preoxygenation, choice of device and hemodynamic
optimization is mandatory fo limit the complications
associated with airway management.

o Although some of this evidence has changed and
evolved as we have gathered more data, choosing the
right time for intubation remains fundamental to further
decrease these complications.

addition, a challenge unique to these patients is the
high degree of aerosol borne transmissibility of the
virus, thereby threatening infection for the anaes-
thesiologist or other personnel performing airway

instrumentation. This review will assess the risks,
the preoxygenation, the device and the hemody-
namic management of a patient with COVID-19.
The important points are summarized in Table 1.

SPECIFIC CONSIDERATIONS - RISK TO
PERSONNEL

The novel coronavirus imposes an increased risk for
aerosol borne transmission of viral particles to per-
sonnel performing endotracheal intubation.
COVID-19 is predominantly transmitted through
droplet, aerosol and fomite spread [5]. Although
droplets can only travel minimal distances, aerosols
may remain suspended in air for a long time and
travel longer distances [6]. Fomites might on the
other hand get secondarily contaminated by viral
particles [7]. Several procedures associated with air-
way management including but not limited to, bag
mask ventilation, high-flow nasal oxygen (HFNO),

Table 1. Specificities of airway management in COVID-19 patients

Risk assessment

1. Hypoxemia

2. Hemodynamic instability

3. Difficulty of intubation (e.g., MACOCHA score)

Timing of intubation

1. Do not intubate too late, or too early, best approach based on clinician experience or judgement
2. The ROX index (ratio of SpO2/FiO2 to respiratory rate) may help (threshold >5 associated with a lower risk for intubation).

Preintubation

1. Appropriate personal protective equipment (based on local protocols, but at minimum should cover the whole upper body)

2. For preoxygenation, consider upright position (20-30° bed)

3. Preoxygenation with at least 3 min with noninvasive ventilation in case of hypoxemic acute respiratory failure (FiO, 100%, pressure
support between 5 and 10cmH,O fo obtain an expired tidal volume between 6 and 8 mL/kg and a PEEP of 5cmH,0), associated with
apnoeic oxygenation when available and high-risk of hypoxaemia (OPTINIV method — (NIV combined to HFNO))

4. Hemodynamic optimization: consider fluid loading based on assessment and early introduction of vasopressors

5. Organize airway equipment and team members in the ICU room to ensure workflow management and minimize frequent need for

entering and exiting the contaminated environment

Per-intubation

1. Use first videolaryngoscope for intubation procedure, if no videolaryngoscope available, consider direct Macintosh laryngoscopy with

Stylet

2. Rapid sequence induction:
— Etomidate 0.2-0.3 mg/kg or ketamine 1.5-3mg/kg
— Succinylcholine 1 mg/kg (without contra-indications)

— Rocuronium: 1.2 mg/kg IVD in case of contra-indications to succinylcholine
3. Ventilation in case of oxygenation desaturation < 90% or if elevated risk of oxygen desaturation higher than the risk of aspiration

Postintubation

Gentle ventilation soon after intubation, to limit hemodynamic complications associated with intubation: low tidal volume, low respiratory
rate, low positive end-expiratory pressure. Titrate to best PaO2/FiO2 and lung compliance mechanics as the patient reaches a point of

cardiovascular stability.

During all procedures, avoid ventilator and circuit disconnections, and air leaks around mask during manual ventilation to limit

aerosolization.

Extubation
1. Appropriate PPE same as intubation

2. Preparation of airway equipment and drugs in case of the need for rapid-reintubation
3. Arrangements made beforehand for necessary postextubation oxygen delivery devices

COVID-19, Coronavirus disease 2019; HFNO, high-flow nasal oxygen; ICU, intensive care unit; MACOCHA, Mallampati score lll or IV, Apnea syndrome
(obstructive), Cervical spine limitation, Opening mouth <3 cm, Coma, Hypoxia, Anesthesiologist nontrained; NIV, noninvasive ventilation; PPE, personal protfective

equipment; ROX, respiratory rate oxygenation.



noninvasive ventilation (NIV), tracheal intubation,
open suctioning, bronchoscopy, tracheal extuba-
tion, and tracheostomy may be considered as signif-
icant risk aerosol-generating procedures in the
intensive care unit (ICU) [8%].

Since the proceduralist performing endotra-
cheal intubation (and often the primary intubation
team) are in very close proximity to the patient’s
upper respiratory tract where the viral load is high,
they are at an increased risk for exposure to COVID-
19 through both droplets, aerosols or fomite path-
ways. In addition, exposure to high viral loads has
been associated with more severe disease in health-
care workers [9]. Although there are recommenda-
tions for effective prevention of contamination
using appropriate personal protective equipment
(PPE), these steps add another layer of impediment
to intubation workflow and communication. For
example, the commonly used powered air purifying
respirator (PAPR) device to safeguard healthcare
workers against contaminated air can also impair
audible communication between airway team mem-
bers and limit visual cues. Airway 'boxes’ are made of
plexiglass that covers the patients face and oral nasal
passages whereas allowing the airway manager
physical access to the patient also exist. Here again,
the dual use of bulky PPE such as the PAPR and these
‘protection boxes’ can further limit physical access
to the patient. Mannequin studies have identified
an increase in intubation attempts, contamination
of PPE and the need for procedures to optimize
airway views with the use of an aerosol box [10].
These communication and access challenges are
very different from what most providers are accus-
tomed to for routine critically ill patient requiring
airway management.

Despite the learning curve and some challenges
associated with use, appropriate PPE remains essen-
tial to decreasing risk of transmission of infection to
healthcare workers. Choice of PPE should be based
on established local and institutional guidelines and
protocols and a close review of available data and
specifications for individual devices. In addition,
user comfort, appropriate simplicity for removal
without contamination after procedure, and ease
of disposability should be considered. Using a Del-
phi-based consensus, Nasa et al. led a group of 39
experts, who did not reach agreement on a specific
PPE combination as the most superior protection
[87]. Similarly, a meta-analysis of nearly 2300 par-
ticipants could not establish a difference amongst
PPE types and prevention of infection [11]. At a
minimum, whatever type of PPE chosen should
cover the whole upper body. A checklist and
observer or team-based approach to help the pri-
mary airway manager can help not only with a

methodological PPE donning and doffing mecha-
nism, but also with preorganization of airway equip-
ment, necessary drugs, and ancillary support during
the intubation process [12"]. Workgroups and guide-
lines statements also emphasize the need for appro-
priate positioning of airway equipment and team
members in the ICU room, workflow management,
use of simulation sessions, appropriate PPE drills,
repeated practice environments, and organization
of familiar airway team members, all of which can
help mitigate some contamination issues [12%,13].
To minimise frequent entry and exit from this envi-
ronment, one best practice to keep all necessary
equipment at close proximity and be ready with a
procedure cart to establish emergent central venous
and intra-arterial access whereas in the room and at
the time of intubation. The risk of viral exposure is
also dependent on the rate of air-exchange in the
intubation environment in the ICU, and recom-
mendations suggest the use of negative pressure
rooms along with at least 12 air exchanges per hour
to achieve this goal [12%14]. Tracheal extubation,
when deemed appropriate by the treating ICU team,
should be conducted to minimize patient coughing.
To this end, preextubation physiotherapy, and gen-
tle endotracheal suctioning may facilitate the clear-
ance of secretions [12]. Because proximity to
respiratory passages is the same as for intubation,
PPE requirements should be the same as intubation
and preparation of airway equipment and drugs in
case of the need for rapid-reintubation and arrange-
ments made beforehand for necessary postextuba-
tion oxygen delivery devices is helpful.

PREOXYGENATION AND APNEIC
OXYGENATION

Critically ill patients with COVID-19 are often
severely hypoxemic at the time of endotracheal
intubation is. Pre intubation hypoxemia is a key
risk factors for severe hypoxemia during an intuba-
tion procedure [15]. Severe hypoxemia occurring
during an intubation procedure can result in cardiac
arrest [16,17], cerebral anoxia, and death [18].
Therefore, preoxygenation of the critically ill
patients with COVID-19 should be optimized to
avoid these life-threatening complications
[12%,19,20].

Among available preoxygenation methods, i.e.
bag valve mask [21], HFNO [22], NIV (pressure sup-
port associated with positive end-expiratory pres-
sure (PEEP)) [23] and OPTINIV method (NIV
combined to HFNO) [24], the two methods of choice
in the very hypoxemic patient are NIV alone or
combined with HFNO (OPTINIV method) [19]. This
latter method allows higher oxygen saturation



during intubation in severely hypoxemic patients
[24]. Despite the risk of aerosolization in COVID-19
patients, a limited degree of manual ventilation
after rapid sequence induction should be considered
[25], with a face mask tightly applied. Bag valve
mask ventilation in those patients may help to limit
the rapid drop in oxygen saturation which is very
common in patients with COVID-19 [25].

DEVICES FOR INTUBATION

A combination of difficult intubation and COVID-
19 as a reason for acute respiratory failure can be
especially risky. Difficult intubation is associated
with life-threatening complications [23,26-30].
Similarly, the failure of first-attempt intubation is
a major factor for developing life-threatening com-
plications related to intubation [31%]. In this setting,
the Mallampati score III or IV, Apnea syndrome
(obstructive), Cervical spine limitation, Opening
mouth <3 cm, Coma, Hypoxia, Anesthesiologist
nontrained score [32] can help to identify the
patients at high-risk of difficult intubation. The
main predictors of difficult intubation are related
to the patient (Mallampati score III or IV, obstruc-
tive apnea syndrome, reduced mobility of cervical
spine, limited mouth Opening), the pathology
(Coma, severe Hypoxia) and the operator (non-
Anesthesiologist). To reject difficult intubation with
certainty, a cutoff of 3 or greater is appropriate,
allowing an optimal negative predictive value
(respectively 97% and 98% in the original and vali-
dation cohorts for the MACHOCHA score) and sen-
sitivity (respectively 76% and 73% in the original
and validation cohorts) [32].

However, the place of videolaryngoscopy for
intubation in critically ill patientsremains an open
question [19,33]. Recently, the COVID-19 pandemic
highlighted the potential utility of video laryngos-
copy to both reduce difficult intubation with its
associated complications and reduce intubation
provider contamination [12%,20%34].

Despite the better visualization of the glottis
with videolaryngoscopes, a key challenge when
using videolaryngoscopes lies in cannulating the
trachea. Achieving a 100% percentage of glottis
opening (POGO) view (corresponding to a Cor-
mack-Lehane grade 1 in direct laryngoscopy) during
videolaryngoscopy does not guarantee successful
intubation [33].

In the early 2010s, clinicians considered
whether videolaryngoscopes could reduce the diffi-
cult intubation rate in critically ill patients [35,36].
In a before-after study reporting a quality improve-
ment process using a videolaryngoscope in an air-
way management algorithm [37], the systematic use

of a Macintosh videolaryngoscope for intubation
significantly reduced the incidence of difficult intu-
bation and/or difficult laryngoscopy [37]. In addi-
tion, in a subgroup of patients with MACHOCHA-
predicted difficult intubation [26], the incidence of
difficult intubation was much higher in the ‘stan-
dard laryngoscopy’ group (47%) than in the ‘Mac-
intosh videolaryngoscope’ group (0%).

These results were further supported in 2014 by a
systematic review and meta-analysis establishing
that use of videolaryngoscopes for intubation in
ICU could reduce the rate of difficult intubation
[25]. However, in 2016, Lascarrou et al. [38] showed
in a large multicenter randomized controlled trial
that videolaryngoscopy compared with direct laryn-
goscopy did not improve first-pass oro-tracheal intu-
bation rates and was associated with higher rates of
severe life-threatening complications. These conflict-
ing results may be explained by the variable rate of
use of a Stylet and the expertise of the operators. In
the study of Lascarrou et al. [38], 80% of the operators
were nonexpert. A team recently implemented the
McGrath MAC videolaryngoscope (Medtronic) for
first-line intubation as part of a quality improvement
initiative [39"]. In a multivariate analysis, the absence
of dedicated videolaryngoscopy expertise, junior sta-
tus of the performing individual, and the presence of
coma were independent risk factors for first-attempt
failure. Thereby, specific videolaryngoscopy skill
training, assessed by the number of previous intuba-
tions performed with videolaryngoscope, was an
independent factor for first-attempt intubation suc-
cess. Moreover, first-attempt success rate increased
with the operators’ level of expertise, with a threshold
of more than 15 video laryngoscopies associated with
a first-pass success rate of 87%.

The COVID-19 pandemic has further
highlighted the place of videolaryngoscopy during
intubation in ICU to limit the contamination of the
intubating provider. International guidelines rec-
ommend using video laryngoscopy to increase the
distance between the patient and intubating pro-
vider, and to perform intubation by the most expe-
rienced operator [12%,20"]. If a bougie or a stylet is
used, the operator is advised to be careful when
removing it so as not to spray secretions on the
intubating team [127].

Future trials will better define the role of video-
laryngoscopy for intubation of COVID-19 patients
in ICU, especially with respect to appropriate use of
airway adjuncts as stylets, and expertise level of
operators. In clinical practice, training and educa-
tion are essential, through clinical simulation and
practice with cadaveric specimens, to secure the
implementation of videolaryngoscopy in critically
ill patients with COVID-19.



HEMODYNAMIC OPTIMIZATION

In a prospective observational study of intubation
practices in the critically ill the INTUBE study group
investigated 2964 global patients and identified car-
diovascular instability as a complication in 42.6%,
[2*"]. In the 2020 HEMAIR prospective observational
study, 36.8% of 934 medical and surgical ICU
patients in the United States experienced postintu-
bation hypotension. Eleven variables were indepen-
dently associated with postintubation hypotension:
increasing illness severity; increasing age; sepsis diag-
nosis; endotracheal intubation in the setting of car-
diac arrest, mean arterial pressure <65 mmHg, and
acute respiratory failure; diuretic use 24 h preceding
endotracheal intubation; decreasing preintubation
systolic blood pressure from 130mmHg; catechol-
amine and phenylephrine use immediately prior to
endotracheal intubation; and use of etomidate [40].
Other literature suggests a rate of peri-intubation
hypotension and cardiovascular collapse varying
between 25-46% during endotracheal intubation
in the ICU [15,17,41-44]. Early 2020 reports from
Wuhan, indicated that about a fifth of all COVID19
patients experienced hypotension either during or
immediately after intubation with progression to
cardiac arrest in 2% of the cohort [1].

As in non-COVID patients, hemodynamic insta-
bility in the intubation period is largely driven by
pharmacologically induced sympatholytic action,
thereby necessitating a smaller dose of induction
agent. Although the debate continues, early intuba-
tion in a semi-elective scenario may be an option that
prevents postintubation hypotension and allows for
better preintubation hemodynamic optimization
[45]. Prophylactic use of appropriately titrated fluid
boluses as a ‘preload’ with measures of volume respon-
siveness continually assessed is an important preintu-
bation intervention. No specific recommendations for
type of vasopressor support have been suggested in the
literature, though the use of pharmacotherapy to
increase afterload and or inotropy during and after
the procedure has been articulated [46]. A systolic
blood pressure of <130 mmHg prior to intubation is
associated with postintubation hypotension in criti-
cally ill patients and this threshold will likely apply to
COVID19 patients as well [40]. Vasopressor rescue or
push doses should be available at the times of intuba-
tion, and may include phenylephrine, ephedrine,
norepinephrine, and or epinephrine depending on
clinical assessment, severity and needs. Although
most COVID19 patients are normo- or even hyperten-
sive during intubation, this hemodynamic state is
driven by the high sympathetic drive and prolonged
hypoxemia prior to the procedure. Most often there is
a rapid transition to hypotension, during and after

intubation so the use of continuous infusion of vaso-
pressor agents either during or immediately after intu-
bation may be an important measure. Postintubation
mechanical ventilation additionally shifts negative-
pressure to positive-pressure ventilation, compromis-
ing venous return and removing hypoxic and hyper-
carbic sympathetic drive. It is therefore critical to
adjust mechanical ventilation to avoid large tidal
volumes, increased intra-thoracic pressures, minimize
barotrauma and volutrauma and allow for a more
gradual correction of hypercapnia and hypoxemia.
These interventions may help counteract hemody-
namic instability in the immediate postintubation
period. Vasodilatory shock is a manifestation of septic
shock and the most likely cause of prolonged hypo-
tension later in the course, though hypovolemia and a
transition to cardiac injury and myocardial damage
associated shock states cannot be ruled out without
serial bedside assessments and imaging. The strong
postulated association of the novel coronavirus with
the Angiotensin Converting Enzyme (ACE2), has led
to some investigation into the use of Angiotensin II as
a vasopressor of benefit via a decrease in expression of
ACE2, although data remain limited [46-49].

TIMING OF INTUBATION

Appropriate timing of intubation is very important
in all critically ill patients, to avoid unnecessary
complications of invasive mechanical ventilation,
but also to avoid complications of noninvasive
methods, such as NIV or HFNO. In the specific
critically ill COVID-19 population, a first study
[50] showed no association between intubation tim-
ing (time from admission to intubation) and mor-
tality. However, in another study performed in
COVID-19 patients who were intubated and
mechanically ventilated [51], intubation earlier dur-
ing hospital admission was associated with
improved survival. Discordantly, in a more recent
study [52], early invasive mechanical ventilation
was associated with an increased risk of day-60
mortality. Those apparent conflicting results may
be explained by different strategies used in the
course of a pandemic: very (likely extremely) early
intubation at the beginning of the pandemic, and
more (likely substantially) delayed intubation dur-
ing the time course of the evolution of the pan-
demic. Concomitantly, the overall prognosis of
critically ill patients ventilated with COVID-19
has improved [53,54]. Following these studies, a
meta-analysis [45] performed in 12 studies from
Africa, Asia, Europe and America, involving 8944
critically ill patients (7639 early, 1305 late) with
COVID-19 suggested that timing of intubation
had no effect on mortality and morbidity. However,



with respect to a 'wait and see’ strategy in critically
ill COVID-19 patients with acute respiratory failure,
the line between ‘wait and see’ and ‘delay intuba-
tion’ is unclear and mostly relies on clinician com-
mon sense and experience. The respiratory rate
oxygenation index [55], defined as the ratio of
SpO2/FiO2 to respiratory rate [56], may also be used
to help the clinician to predict failure of noninvasive
strategies [57]. A threshold of more than 5.37 was
significantly associated with a lower risk for intuba-
tion after H4, in a single-center retrospective study
[58]. These results were further supported with a
systematic review and meta-analysis [55].

CONCLUSION

Airway management of a patient with COVID-19 is
especially difficult and associated with increased risk
when compared to critically ill patients without
COVID. Appropriate protection of healthcare work-
ers and airway instrumentation providers, aggressive
preoxygenation, careful choice of device and hemo-
dynamic optimization are mandatory to limit the
cardiorespiratory and other complications associated
with airway management. Although COVID-19 man-
agement remains a dynamic and evolving field,
choosing the right time for intubation remains fun-
damental to further decrease these complications.

Acknowledgements
None.

Financial support and sponsorship
None.

Conflicts of interest

A.D.]. is a consultant for Medtronic and Fisher-Paykel.
A.K.K. is a consultant for Potrero Medical, Edwards
Lifesciences, Philips North America, GE Healthcare,
Hill-Rom, Trevena Pharmaceuticals and Caretaker Med-
ical. A.K.K. is on the executive advisory board for Med-
tronic and Retia Medical. A.K.K. receives support from
the Wake Forest CTSI via NIH/NCATS KL2 for a trial of
continuous portable hemodynamic and saturation mon-

itnrino nn hnchital wwardc

1. Yao W, Wang T, Jiang B, et al. Emergency tracheal intubation in 202 patients
with COVID-19 in Wuhan, China: lessons learnt and international expert
recommendations. Br J Anaesth 2020; 125:e28-e37.

2. Russotto V, Myatra SN, Laffey JG, et al. Intubation practices and adverse peri-

mm intubation events in critically ill patients from 29 countries. JAMA 2021;
325:1164-1172.

First large international observational study on the field of intubation in critically ill

patients.

3. Gattinoni L, Chiumello D, Caironi P, et al. COVID-19 pneumonia: different
respiratory treatments for different phenotypes? Intensive Care Med 2020;
46:1099-1102.

4. Gattinoni L, Meissner K, Marini JJ. The baby lung and the COVID-19 era.
Intensive Care Med 2020; 46:1438—-1440.

5. COVID CH: spreads. Atlanta, GA: US Department of Health and Human
Services, CDC; 2020. https://dph.georgia.gov/dph-covid-19-guidance.
(DPH COVID-19 Guidance procedures and protocols to help stop the
spread).

6. Wang W, Xu Y, Gao R, et al. Detection of SARS-CoV-2 in different types of
clinical specimens. JAMA 2020; 323:1843-1844.

7. van Doremalen N, Bushmaker T, Morris DH, et al. Aerosol and surface stability
of HCoV-19 (SARS-CoV-2) compared to SARS-CoV-1. N Engl J Med 2020;
382:1564-1567.

8. Nasa P, Azoulay E, Khanna AK, et al. Expert consensus statements for the

= management of COVID-19-related acute respiratory failure using a Delphi
method. Crit Care 2021; 25:106.

This is a consensus of international experts on the field providing interesting points

of view.

9. Wu Z, McGoogan JM. Characteristics of and important lessons from the
coronavirus disease 2019 (COVID-19) outbreak in China: summary of a
report of 72314 cases from the Chinese Center for Disease Control and
Prevention. JAMA 2020; 323:1239-1242.

10. Fong S, Li E, Violato E, et al. Impact of aerosol box on intubation during
COVID-19: a simulation study of normal and difficult airways. Can J Anaesth
2021; 68:496-504.

11. Dhillon RS, Rowin WA, Humphries RS, et al. Clinical aerosolisation study G:
aerosolisation during tracheal intubation and extubation in an operating
theatre setting. Anaesthesia 2021; 76:182-188.

12. Cook TM, El-Boghdadly K, McGuire B, et al. Consensus guidelines for

m  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 Anaesthe-
tists. Anaesthesia 2020; 75:785-799.

These consensus guidelines provide practical advices for airway management in

patients with COVID-19.

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

14. Wax RS, Christian MD. Practical recommendations for critical care and
anesthesiology teams caring for novel coronavirus (2019-nCoV) patients.
Can J Anaesth 2020; 67:568-576.

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

16. Mort TC. The incidence and risk factors for cardiac arrest during emergency
tracheal intubation: a justification for incorporating the ASA Guidelines in the
remote location. J Clin Anesth 2004; 16:508—-516.

17. 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.

18. Cook TM, Scott S, Mihai R. Litigation related to airway and respiratory
complications of anaesthesia: an analysis of claims against the NHS in
England. Anaesthesia 2010; 65:556-563.

19. Mosier JM, Sakles JC, Law JA, et al. Tracheal intubation in the critically ill.
where we came from and where we should go. Am J Respir Crit Care Med
2020; 201:775-788.

20. Patwa A, Shah A, Garg R, et al. All India difficult airway association (AIDAA)

m  consensus guidelines for airway management in the operating room during
the COVID-19 pandemic. Indian J Anaesth 2020; 64:S107-S115.

These consensus guidelines provide practical advices for airway management in

patients with COVID-19.

21. Mosier JM, Hypes CD, Sakles JC. Understanding preoxygenation and apneic
oxygenation during intubation in the critically ill. Intensive Care Med 2017;
43:226-228.

22. Guitton C, Ehrmann S, Volteau C, et al. Nasal high-flow preoxygenation for
endotracheal intubation in the critically ill patient: a randomized clinical trial.
Intensive Care Med 2019; 45:447-458.

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

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

25. Casey JD, Janz DR, Russell DW, et al. Bag-mask ventilation during tracheal
intubation of critically ill adults. N Engl J Med 2019; 380:811-821.



26.

27.

28.

29.

30.

31.

De Jong A, Molinari N, Terzi N, et al. 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.

De Jong A, Jung B, Jaber S. Intubation in the ICU: we could improve our
practice. Crit Care 2014; 18:209.

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.

Martin LD, Mhyre JM, Shanks AM, et al. 3,423 emergency tracheal intubations
at a university hospital: airway outcomes and complications. Anesthesiology
2011; 114:42-48.

Driver BE, Prekker ME, Klein LR, et al. Effect of use of a bougie vs endo-
tracheal 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.

De Jong A, Rolle A, Pensier J, et al. First-attempt success is associated with
fewer complications related to intubation in the intensive care unit. Intensive
Care Med 2020; 46:1278-1280.

This research letter shows the association of first-attempt success and hypoxemia
during intubation of critically ill patients.

32.

33.

34.

35.

36.

37.

38.

39.

De Jong A, Molinari N, Terzi N, et al. Early Identification of Patients at Risk for
Difficult Intubation in ICU: Development and validation of the MACOCHA
Score in a Multicenter Cohort Study. Am J Respir Crit Care Med 2013;
187:832-839.

Jaber S, De Jong A, Pelosi P, et al. Videolaryngoscopy in critically il patients.
Crit Care 2019; 23:221.

El-Boghdadly K, Wong DJN, Owen R, et al. Risks to healthcare workers
following tracheal intubation of patients with COVID-19: a prospective
international multicentre cohort study. Anaesthesia 2020; 75:1437—1447.
Kory P, Guevarra K, Mathew JP, et al. The impact of video laryngoscopy use
during urgent endotracheal intubation in the critically ill. Anesth Analg 2013;
117:144-1409.

Lakticova V, Koenig SJ, Narasimhan M, Mayo PH. Video Laryngoscopy is
Associated With Increased First Pass Success and Decreased Rate of
Esophageal Intubations During Urgent Endotracheal Intubation in a Medical
Intensive Care Unit When Compared to Direct Laryngoscopy. J Intensive Care
Med 2015; 30:44-48.

De Jong A, Clavieras N, Conseil M, et al. Implementation of a combo
videolaryngoscope for intubation in critically ill patients: a before-after com-
parative study. Intensive Care Med 2013; 39:2144-2152.

Lascarrou JB, Boisrame-Helms J, Bailly A, et al. Video laryngoscopy vs direct
laryngoscopy on successful first-pass orotracheal intubation among ICU
patients: a randomized clinical trial. Jama 2017; 317:483-493.

Amalric M, Larcher R, Brunot V, et al. Impact of videolaryngoscopy expertise
on first-attempt intubation success in critically ill patients. Crit Care Med
2020; 48:¢889-e896.

This is the first study assessing the learning curve with Macinthosh videolaryngo-
scope in real patients in ICU.

40.

Smischney NJ, Kashyap R, Khanna AK, et al. Risk factors for and prediction of
postintubation hypotension in critically ill adults: a multicenter prospective
cohort study. PLoS One 2020; 15:¢0233852.

41.

42,

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Griesdale DE, Bosma TL, Kurth T, et al. Complications of endotracheal
intubation in the critically ill. Intensive Care Med 2008; 34:1835-1842.
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, multiple-center study. Crit Care Med 2006; 34:2355-2361.
Simpson GD, Ross MJ, McKeown DW, Ray DC. Tracheal intubation in the
critically ill: a multicentre national study of practice and complications. Br J
Anaesth 2012; 108:792-799.

. Smischney NJ, Seisa MO, Heise KJ, et al. Practice of intubation of the critically

ill at Mayo Clinic. J Intensive Care Med 2019; 34:204-211.

Papoutsi E, Giannakoulis VG, Xourgia E, et al. II: Effect of timing of intubation on
clinical outcomes of critically ill patients with COVID-19: a systematic review
and meta-analysis of nonrandomized cohort studies. Crit Care 2021; 25:121.
Alhazzani W, Evans L, Alshamsi F, et al. Surviving sepsis campaign guidelines
on the management of adults with coronavirus disease 2019 (COVID-19) in
the ICU: First Update. Crit Care Med 2021; 49:e219-e234.

Busse LW, Chow JH, McCurdy MT, Khanna AK. COVID-19 and the RAAS-a
potential role for angiotensin II? Crit Care 2020; 24:136.

Zangrillo A, Landoni G, Beretta L, et al. Group CO-BS: Angiotensin Il infusion
in COVID-19-associated vasodilatory shock: a case series. Crit Care 2020;
24:227.

Rysz S, Jalde FC, Oldner A, et al. Treatment with angiotensin Il in COVID-19
patients may not be beneficial. Crit Care 2020; 24:546.
Hernandez-Romieu AC, Adelman MW, Hockstein MA, et al. Timing of intuba-
tion and mortality among critically ill coronavirus disease 2019 patients: a
single-center cohort study. Crit Care Med 2020; 48:¢1045-e1053.
Hyman JB, Leibner ES, Tandon P, et al. Timing of intubation and in-hospital
mortality in patients with coronavirus disease. Crit Care Explor 2020;
2:e0254.

Dupuis C, Bouadma L, de Montmollin E, et al. Association between early
invasive mechanical ventilation and day-60 mortality in acute hypoxemic
respiratory failure related to coronavirus disease-2019 pneumonia. Crit Care
Explor 2021; 3:e0329.

COVID-ICU Group on behalf of the REVA Network and the COVID-ICU
Investigators. Clinical characteristics and day-90 outcomes of 4244 critically
il adults with COVID-19: a prospective cohort study. Intensive Care Med
2021; 47:60-73.

Kurtz P, Bastos LSL, Dantas LF, et al. Evolving changes in mortality of 13,301
critically ill adult patients with COVID-19 over 8 months. Intensive Care Med
2021; 47:538-548.

Prakash J, Bhattacharya PK, Yadav AK, et al. ROX index as a good predictor of
high flow nasal cannula failure in COVID-19 patients with acute hypoxemic
respiratory failure: a systematic review and meta-analysis. J Crit Care 2021;
66:102-108.

Roca O, Caralt B, Messika J, et al. An index combining respiratory rate and
oxygenation to predict outcome of nasal high-flow therapy. Am J Respir Crit
Care Med 2019; 199:1368-1376.

Ricard JD, Roca O, Lemiale V, et al. Use of nasal high flow oxygen during acute
respiratory failure. Intensive Care Med 2020; 46:2238-2247.

Zucman N, Mullaert J, Roux D, et al. Prediction of outcome of nasal high flow
use during COVID-19-related acute hypoxemic respiratory failure. Intensive
Care Med 2020; 46:1924-1926.



	2022 De jong et alV2-1
	2022 De jong et alV2-2
	2022 De jong et alV2-3
	2022 De jong et alV2-4
	2022 De jong et alV2-5
	2022 De jong et alV2-6
	2022 De jong et alV2-7

