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Intubation Practices and Adverse Peri-intubation Events
in Critically Ill Patients From 29 Countries
Vincenzo Russotto, MD; Sheila Nainan Myatra, MD; John G. Laffey, MD, MA; Elena Tassistro, MS;
Laura Antolini, PhD; Philippe Bauer, MD, PhD; Jean Baptiste Lascarrou, MD, PhD;
Konstanty Szułdrzyński, MD, PhD; Luigi Camporota, MD; Paolo Pelosi, MD; Massimiliano Sorbello, MD;
Andy Higgs, MD; Robert Greif, MD; Christian Putensen, MD; Christina Agvald-Öhman, MD, PhD;
Athanasios Chalkias, MD, PhD; Kristaps Bokums, MD; David Brewster, MD; Emanuela Rossi, MS;
Roberto Fumagalli, MD; Antonio Pesenti, MD; Giuseppe Foti, MD; Giacomo Bellani, MD, PhD;
for the INTUBE Study Investigators

IMPORTANCE Tracheal intubation is one of the most commonly performed and high-risk
interventions in critically ill patients. Limited information is available on adverse
peri-intubation events.

OBJECTIVE To evaluate the incidence and nature of adverse peri-intubation events and to
assess current practice of intubation in critically ill patients.

DESIGN, SETTING, AND PARTICIPANTS The International Observational Study to Understand
the Impact and Best Practices of Airway Management in Critically Ill Patients (INTUBE) study
was an international, multicenter, prospective cohort study involving consecutive critically ill
patients undergoing tracheal intubation in the intensive care units (ICUs), emergency
departments, and wards, from October 1, 2018, to July 31, 2019 (August 28, 2019, was the
final follow-up) in a convenience sample of 197 sites from 29 countries across 5 continents.

EXPOSURES Tracheal intubation.

MAIN OUTCOMES AND MEASURES The primary outcome was the incidence of major adverse
peri-intubation events defined as at least 1 of the following events occurring within 30
minutes from the start of the intubation procedure: cardiovascular instability (either: systolic
pressure <65 mm Hg at least once, <90 mm Hg for >30 minutes, new or increase need of
vasopressors or fluid bolus >15 mL/kg), severe hypoxemia (peripheral oxygen saturation
<80%) or cardiac arrest. The secondary outcomes included intensive care unit mortality.

RESULTS Of 3659 patients screened, 2964 (median age, 63 years; interquartile range [IQR],
49-74 years; 62.6% men) from 197 sites across 5 continents were included. The main reason
for intubation was respiratory failure in 52.3% of patients, followed by neurological
impairment in 30.5%, and cardiovascular instability in 9.4%. Primary outcome data were
available for all patients. Among the study patients, 45.2% experienced at least 1 major
adverse peri-intubation event. The predominant event was cardiovascular instability,
observed in 42.6% of all patients undergoing emergency intubation, followed by severe
hypoxemia (9.3%) and cardiac arrest (3.1%). Overall ICU mortality was 32.8%.

CONCLUSIONS AND RELEVANCE In this observational study of intubation practices in critically
ill patients from a convenience sample of 197 sites across 29 countries, major adverse
peri-intubation events—in particular cardiovascular instability—were observed frequently.
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impairment in 902 patients (30.5%), and cardiovascular
instability in 277 cases (9.4%; Table 1)

Resident physicians intubated 1536 patients (51.9%), and
anesthesiologists intubated 1601 patients (54.0%; eTable 3 in
the Supplement).

Primary Outcome
Of the critically ill patients undergoing tracheal intubation, 1340
(45.2%) experienced at least 1 major adverse peri-intubation
event (Table 2; eTable 4 in the Supplement).

The primary outcome was observed in 778 of 1548 pa-
tients (50.3%) intubated for respiratory failure; 178 of 277
(64.3%) for hemodynamic instability (absolute difference with
respect to respiratory failure, 14.0%; 95% CI, 7.6% to 20.4%)
and in 295 of 902 (32.7%) with neurological impairment (ab-
solute difference with respect to respiratory failure, −17.6%;
95% CI, −21.6% to −13.5%). Data for the composite outcome
calculation was available for all patients. eTable 5 in the
Supplement shows missing data for each single major ad-
verse event.

Cardiovascular instability accounted for the majority of the
events, occurring in 1172 (42.6%) of all patients. Severe hypox-
emia was the second most common event, observed in 272 pa-
tients (9.3%). Ninety-three patients (3.1%) had a cardiac ar-
rest following tracheal intubation (Figure 2). Of these, 49
patients (52.7%) had a sustained return of spontaneous circu-
lation, and 44 (47.3%) died following cardiac arrest. The main
reported reason for cardiac arrest was hypovolemia or hemo-
dynamic instability in 34 patients (36.9%), followed by hypox-
emia in 23 (25.0%).

Secondary Outcomes
Of the secondary outcomes, 167 patients (5.6%) had an esoph-
ageal intubation; 167 (5.6%), new onset cardiac arrhythmia; 138
(4.7%), difficult intubation; and 116 (3.9%), aspiration of gas-
tric contents (Table 2; eFigure 1 in the Supplement). A total of
2943 patients were followed up through ICU discharge. The
overall ICU mortality was 32.8% (966 of 2943). Of those who
experienced a major adverse peri-intubation event, 40.7% of
patients (541 of 1328) died vs 26.3% (425 of 1615) who did not
experience an adverse peri-intubation event (absolute risk dif-
ference, 14.4%; 95% CI, 10.9%-17.9%; P < .001).

Table 2. Peri-intubation Adverse Events

Adverse events No./Total (%)
Major adverse events (primary outcome) 1340/2964 (45.2)

Cardiovascular instability 1172/2753 (42.6)

New need or increase of vasopressors 1053/1172 (89.9)

Systolic pressure <90 mm Hg for >30 min 252/1026 (24.6)

Fluid bolus >15 mL/kg 151/1163 (13.5)

Systolic pressure <65 mm Hg 157/1163 (13.5)

Severe hypoxia (lowest SpO2<80%) 272/2916 (9.3)

Cardiac arrest 93/2964 (3.1)

With return of spontaneous circulation 49/93 (52.7)

With death 44/93 (47.3)

Cause of cardiac arresta

Hypovolemia or hemodynamic instability 34/92 (36.9)

Hypoxia 23/92 (25.0)

Thrombosis (coronary or pulmonary) 19/92 (20.6)

Hypokalemia or hyperkalemia 3/92 (3.3)

Cardiac tamponade 3/92 (3.3)

Toxins 2/92 (2.2)

Tension pneumothorax 2/92 (2.2)

Otherb 6/92 (6.5)

Other adverse events

Esophageal intubation 167/2959 (5.6)

New onset cardiac arrhythmia 167/2960 (5.6)

Atrial fibrillation 48/167 (28.7)

Ventricular tachycardia 41/167 (24.6)

Bradycardia 38/167 (22.8)

Otherc 40/167 (23.9)

Difficult intubationd 138/2957 (4.7)

Aspiration of gastric contentse 116/2960 (3.9)

Dental injury 28/2960 (1.0)

Pneumothorax 22/2963 (0.7)

Airway injury 21/2959 (0.7)

Tracheal laceration 5/21 (23.8)

Bronchial laceration 1/21 (4.8)

Laryngeal laceration 7/21 (33.3)

Otherf 8/21 (38.1)

Pneumomediastinum 8/2960 (0.3)

Abbreviation: SpO2, oxygen saturation as measured by pulse oximetry.
a Cause of cardiac arrest described which, according to clinical judgment, was

the main reason for the cardiac arrest.
b Included severe cardiomyopathy and unknown cause.
c Included supraventricular tachyarrhythmia and multiple ventricular ectopic beats.
d Defined as a procedure requiring more than 2 laryngoscopy attempts before

success. See Results section for difficult intubation definition.
e Inhalation of oropharyngeal or gastric contents into the larynx and the

respiratory tract within the first 24 hours after intubation according to clinical
and/or radiographic findings.

f Included pharyngeal injury and bleeding through the tracheal tube from
unclear origin.

Figure 2. Mortality Rate by Days From Intubationa
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Quasi 3000 intubations – 197 ICU – 29 pays

Complications modérées
- intubation œsophagienne
- bris dentaire
- inhalation
- lésion laryngée
- arrythmie
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First-attempt success is associated 
with fewer complications related to intubation 
in the intensive care unit
Audrey De Jong, Amélie Rolle, Joris Pensier, Mathieu Capdevila and Samir Jaber*

© 2020 Springer-Verlag GmbH Germany, part of Springer Nature

Dear Editor,
Patients admitted to intensive care units (ICUs) often 
require respiratory support. Tracheal intubation is one 
of the procedures performed most frequently in the ICU 
[1]. Tracheal intubation may be associated with moder-
ate-to-severe complications, including hypoxemia, aspi-
ration, dental injury, severe collapse, cardiac arrest and 
death [1, 2].

!e association between the number of intubation 
attempts and the occurrence of complications remains 
poorly known in ICU patients. In a single-center study of 
136 patients, Griesdale et al. [3] found that two or more 
attempts of intubation (first-attempt failure) were asso-
ciated with an increased risk of severe complications. 
Other studies [4, 5] found that strictly having more than 
two attempts was associated with a significant increase 
in complications related to intubation. As the criterion 
“first-attempt intubation success” is increasingly selected 
to be a main endpoint in large randomized controlled tri-
als, we aimed to determine whether first-attempt success 
in intubation is indeed associated with fewer intubation-
related complications than first-attempt failure. We made 
the hypothesis that first-attempt success would be associ-
ated with fewer complications than first-attempt failure.

!e main endpoint was the incidence of complications 
related to intubation [4] in the hour following intuba-
tion (see supplemental content 1). Five databases coming 
from 64 ICUs including 1844 intubation procedures were 
retrospectively analyzed (see supplemental content 1 for 

methodological details), and the data were adjusted for 
age, sex, reason for intubation, simplified acute physio-
logic score (SAPS) II, lowest peripheral oxygen saturation 
before intubation, lowest systolic blood pressure before 
intubation, hypnotic used for induction, use of neuro-
muscular blocking agent for induction, expert operator 
and anesthesiologist status.

Among the 1844 intubations available, there were 
1440 (78%) successful first attempts, 275 (15%) success-
ful second attempts, 88 (5%) successful third attempts 
and 41 (2%) of the intubations necessitated four or more 
attempts. !e baseline characteristics of the study popu-
lation are reported in supplemental content 1.

!ere were significantly fewer complications in the 
first-attempt success group compared to the first-attempt 
failure group [633/1440 (44%) vs 243/404 (60%); p < 0.001, 
adjusted OR (odds ratio) 0.39 (95% confidence interval 
(CI) 0.29–0.52)] !ere were fewer hypoxemias (Fig.  1a, 
adjusted OR = 0.29 (95% CI 0.21–0.40), p < 0.001), aspi-
rations (Fig. 1c) and dental injuries (Fig. 1d) in the first-
attempt success group compared to the first-attempt 
failure group. !e incidence of hypoxemia (Fig.  1a), 
aspiration (Fig. 1c) and dental injury (Fig. 1d) increased 
with the increase in the number of attempts required for 
intubation. However, the likelihood of severe collapse 
was similar in the first-attempt success and first-attempt 
failure groups (Fig.  1b, adjusted OR 1.05 (95% CI 0.77–
1.45), p = 0.75). We could speculate that repetitive laryn-
goscopies in the first-attempt failure group lead to more 
sympathetic adrenergic stimulation, thereby preventing 
vasoplegia and then occurrence of severe collapse (see 
supplemental content 1).

!is is the first large, multicenter database retrospec-
tive analysis of complications related to intubation in 

*Correspondence:  s-jaber@chu-montpellier.fr 
Intensive Care Unit and Transplantation, Department of Anesthesia 
and Critical Care B (DAR B), Hôpital Saint Eloi, CHU de Montpellier, 
PhyMedExp, Université de Montpellier, 80, Avenue Augustin Fliche, 
34295 Montpellier Cedex 5, France
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the ICU. We reported that the first-attempt success 
was associated with fewer complications related to 
intubation than the first-attempt failure. Despite the 
limitations of our study (see supplemental content 1), 
this finding validates that there is an urgent need to 
improve the rate of successful first intubation attempts 
in the ICU in order to decrease the rate of associated 
complications in these already critically ill patients.
Electronic supplementary material
The online version of this article (https ://doi.org/10.1007/s0013 4-020-06041 -2) 
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déviation au protocole disponible sont les facteurs humains
retrouvés dans près de la moitié des incidents majeurs en
réanimation. Les défauts de communication, de formation,
d'efficience des équipements et des processus sont également
en cause.
L'organisation d'une chambre de réanimation n'est pas optimi-
sée pour réaliser une intubation urgente, avec un accès limité au
patient (scope, respirateur, bras de distribution, tête de lit. . .).
Une standardisation des équipements disponibles pour gérer les
voies aériennes du patient doit être proposée et adaptée au
personnel (notamment aux plus jeunes), et en lien avec leurs
formations (outil de simulation, ateliers pratiques. . .) : un
chariot d'intubation standardisé doit être immédiatement
disponible.
Des aides cognitives validées (checklists et algorithmes),
comme celles éditées par la SFAR [11], doivent être accessibles,
réactualisées régulièrement et adaptées aux conditions locales.
Plus que dans d'autres circonstances, l'intubation urgente en
réanimation doit être un travail d'équipe optimisé. Le rôle de
chacun doit être prédéfini et expliqué. Quatre à six personnes
sont nécessaires. La configuration minimale est présentée en
figure 1.
Ce travail d'équipe nécessite un leader (si possible ne réalisant
pas l'intubation première), qui doit communiquer le rôle de
chacun et les étapes du processus et ainsi créer une ambiance
calme sans distraction possible.

La communication, et notamment celle de l'échec de la laryn-
goscopie première, doit être claire et entendue de tous. Un
appel à l'aide précoce doit être entrepris, avec contact d'un
expert de l'accès aux voies aériennes supérieures et d'un chi-
rurgien ad hoc. Les numéros d'appel doivent être clairement
indiqués sur le chariot d'urgence et l'algorithme de prise en
charge disponible dans chaque service.

Évaluation des facteurs de risque
d'intubation difficile
Afin de se prémunir d'une intubation difficile et de l'anticiper au
mieux, il est fondamental de rechercher ses facteurs de risque.
L'évaluation de la difficulté de gestion des voies aériennes
supérieures (VAS) doit inclure la recherche et l'identification
des risques d'intubation difficile, de difficulté avec les techni-
ques de sauvetage et d'inhalation, quel que soit le degré
d'urgence de l'intubation.
Cette identification doit notamment utiliser le score MACOCHA,
développé par De Jong et al., qui permet d'identifier simplement
les patients à risque d'intubation difficile (score ! 3, tableau I)
[12]. Il faut cependant noter que l'évaluation de la classe de
Mallampati est souvent impossible à évaluer, notamment chez
un patient non-coopérant, voire comateux. Cette étape doit être
suivie d'une stratégie appropriée de gestion des VAS.

Conduite d'une intubation en réanimation
Plusieurs étapes de préparation doivent être suivies afin de
limiter l'incidence des complications [13]. Un protocole adapté

Figure 1
Configuration minimale et rôles de l'équipe d'intubation en
réanimation
Pendant une procédure d'intubation, les rôles peuvent être décrits comme suit : (A)
premier intubateur ; (B) administrateur des médicaments, observateur de l'état
clinique du patient et des moniteurs et leader (souvent second intubateur) ; (C)
applicateur de la pression cricoïde, gestion de l'équipement des voies aériennes ; (D)
aide pouvant aller chercher des équipements supplémentaires (chariot d'urgence) ou
appeler à l'aide. Un membre de l'équipe peut remplir plus d'un rôle. La répartition
détaillée des tâches dépendra du nombre de personnes qu'il est possible de réunir.
Cela peut varier d'un minimum de quatre à six personnes. Les rôles changent après
l'échec de la première tentative d'intubation, lorsque le deuxième intubateur devient
actif. D'après [9].

TABLEAU I
Score de MACOCHA. MACOCHA : score de Mallampati III ou IV,
syndrome d'Apnée obstructive du sommeil, mobilité réduite du
rachis cervical, ouverture buccale < 3 cm, coma, hypoxémie, pra-
ticien non-anesthésiste. Score de 0 (facile) à 12 (très difficile).
D'après De Jong et al. [12]

Facteurs Points

Facteurs liés au patient

Classe III ou IV de Mallampati 5

Syndrome d'apnée obstructive du sommeil 2

Mobilité réduite du rachis cervical 1

Ouverture buccale limitée < 3 cm 1

Facteurs liés à la pathologie

Coma 1

Hypoxémie sévère (SpO2 < 80 %) 1

Facteur lié à l'opérateur

Non-anesthésiste 1

Total 12
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Tracheal Intubation Practices and Success Rates
Of the study patients, 1847 (62.4%) received preoxygenation
by a bag-valve mask, the most frequently used method. Non-
invasive ventilation was used for 344 patients (11.6%) and high-

flow nasal cannula for 160 patients (5.4%; Table 3; eTable 2 in
the Supplement).

Of the study patients, 1727 (62.2%) underwent rapid se-
quence induction (ie, no ventilation between induction and

Table 3. Techniques, Medications, and Confirmations of Intubations

Variable No. (%) (n = 2964)
Application of an airway management protocol

Standard protocol

In place and used 1510 (51.0)

In place and not useda 443 (15.0)

No standard protocol in place 1009 (34.0)

Preoxygenation method (n = 2960)

Bag-valve mask 1847 (62.4)

Standard facemask 389 (13.2)

Noninvasive ventilation 344 (11.6)

High-flow nasal cannula 160 (5.4)

Anesthesia breathing circuitb 56 (1.9)

Continuous positive airway pressure 51 (1.7)

Venturi system 47 (1.6)

Nasal cannula 47 (1.6)

Otherc 19 (0.6)

Apneic oxygenation, No./total (%)d 308/2959 (10.4)

Rapid sequence induction, No./total (%)e 1727/2777 (62.2)

Cricoid pressure, No./total (%) 1120/2956 (37.9)

Induction agent, No./total (%)f 2774/2964 (93.6)

Propofol 1230 (41.5)

Midazolam 1079 (36.4)

Etomidate 527 (17.8)

Ketamine 421 (14.2)

Muscle relaxant use, No./total (%) 2095/2776 (75.5)

Rocuronium 1239 (41.8)

Succinylcholine 646 (21.8)

Vecuronium 95 (3.2)

Cisatracurium 85 (2.9)

Opioid use for intubation, No./total (%) 1415/2776 (51.0)

Method of laryngoscopy (n = 2963)

Direct laryngoscopy with Macintosh or Miller blade 2416 (81.5)

Video laryngoscopy 505 (17.1)

Other methodg 42 (1.4)

Use of intubation adjuncts (n = 1055)

Stylet 816 (77.4)

Bougie 230 (21.8)

Otherh 9 (0.8)

First method used to confirm intubation (n = 2956)

Auscultation 1711 (57.9)

Waveform capnographyi 758 (25.6)

Colorimetric carbon dioxide detectionj 222 (7.5)

Capnometryk 138 (4.7)

None 7 (0.2)

Otherl 120 (4.1)

Success, No./total (%)

First pass 2360/2958 (79.8)

Second pass 460/2958 (15.6)

Emergency front-of-neck accessm 4 (0.13)

a Standard protocol was not used in
intensive care unit (57.3%),
emergency department (26.6%),
ward (11.5%), and other places
(4.51%), including recovery,
cardiology, radiology, and
endoscopy interventional rooms.

b Anesthesia breathing circuits
(eg, Mapleson C) are used outside
the operating room in some centers
instead of self-inflating bags
(bag-valve mask). While they
require a source of oxygen to work,
they provide a lower resistance
alternative in spontaneously
breathing patients.

c Included invasive mechanical
ventilation (for patients with
self-extubation) and
preoxygenation via bag-valve and
an extraglottic airway device.

d Oxygen administration during
laryngoscopy or fiberoscopy.

e Rapid onset induction without
positive pressure ventilation
between induction and
laryngoscopy.

f Proportion of patients receiving
each subcategory of induction
agent. Some patients received more
than 1 induction drug while others
received an opioid as induction
agent or underwent awake
fiberoptic intubation under local
anesthesia.

g Included direct laryngoscopy with
McCoy blade and fiberoptic
intubation. Nasotracheal
intubations were performed in
0.8% of patients.

h Included tube exchange catheter,
lighted stylet, and Magill forceps.

i Monitor provided the graphic
measurement of exhaled carbon
dioxide plotted against time.

j Device uses a photochemical
reaction to detect the presence of
carbon dioxide in the exhaled air.

k Provides only the absolute value of
carbon dioxide concentration in the
exhaled air.

l Included chest x-ray and
fiberoscopy.

mOne cricothyroidotomy, 1
percutaneous tracheostomy, and 2
surgical tracheostomies.

Intubation Practices and Adverse Peri-intubation Events in Critically Ill Patients Original Investigation Research

jama.com (Reprinted) JAMA March 23/30, 2021 Volume 325, Number 12 1169

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Universite de Clermont Auvergne - Couperin User  on 03/23/2021

Intubation Practices and Adverse Peri-intubation Events
in Critically Ill Patients From 29 Countries
Vincenzo Russotto, MD; Sheila Nainan Myatra, MD; John G. Laffey, MD, MA; Elena Tassistro, MS;
Laura Antolini, PhD; Philippe Bauer, MD, PhD; Jean Baptiste Lascarrou, MD, PhD;
Konstanty Szułdrzyński, MD, PhD; Luigi Camporota, MD; Paolo Pelosi, MD; Massimiliano Sorbello, MD;
Andy Higgs, MD; Robert Greif, MD; Christian Putensen, MD; Christina Agvald-Öhman, MD, PhD;
Athanasios Chalkias, MD, PhD; Kristaps Bokums, MD; David Brewster, MD; Emanuela Rossi, MS;
Roberto Fumagalli, MD; Antonio Pesenti, MD; Giuseppe Foti, MD; Giacomo Bellani, MD, PhD;
for the INTUBE Study Investigators

IMPORTANCE Tracheal intubation is one of the most commonly performed and high-risk
interventions in critically ill patients. Limited information is available on adverse
peri-intubation events.

OBJECTIVE To evaluate the incidence and nature of adverse peri-intubation events and to
assess current practice of intubation in critically ill patients.

DESIGN, SETTING, AND PARTICIPANTS The International Observational Study to Understand
the Impact and Best Practices of Airway Management in Critically Ill Patients (INTUBE) study
was an international, multicenter, prospective cohort study involving consecutive critically ill
patients undergoing tracheal intubation in the intensive care units (ICUs), emergency
departments, and wards, from October 1, 2018, to July 31, 2019 (August 28, 2019, was the
final follow-up) in a convenience sample of 197 sites from 29 countries across 5 continents.

EXPOSURES Tracheal intubation.

MAIN OUTCOMES AND MEASURES The primary outcome was the incidence of major adverse
peri-intubation events defined as at least 1 of the following events occurring within 30
minutes from the start of the intubation procedure: cardiovascular instability (either: systolic
pressure <65 mm Hg at least once, <90 mm Hg for >30 minutes, new or increase need of
vasopressors or fluid bolus >15 mL/kg), severe hypoxemia (peripheral oxygen saturation
<80%) or cardiac arrest. The secondary outcomes included intensive care unit mortality.

RESULTS Of 3659 patients screened, 2964 (median age, 63 years; interquartile range [IQR],
49-74 years; 62.6% men) from 197 sites across 5 continents were included. The main reason
for intubation was respiratory failure in 52.3% of patients, followed by neurological
impairment in 30.5%, and cardiovascular instability in 9.4%. Primary outcome data were
available for all patients. Among the study patients, 45.2% experienced at least 1 major
adverse peri-intubation event. The predominant event was cardiovascular instability,
observed in 42.6% of all patients undergoing emergency intubation, followed by severe
hypoxemia (9.3%) and cardiac arrest (3.1%). Overall ICU mortality was 32.8%.

CONCLUSIONS AND RELEVANCE In this observational study of intubation practices in critically
ill patients from a convenience sample of 197 sites across 29 countries, major adverse
peri-intubation events—in particular cardiovascular instability—were observed frequently.
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Abstract Objective: To deter-
mined whether the implementation of
an intubation management protocol
leads to the reduction of intubation-
related complications in the intensive
care unit (ICU). Design: Two-
phase, prospective, multicenter con-
trolled study. Setting: Three
medical-surgical ICUs in two uni-
versity hospitals. Patients: Two
hundred three consecutive ICU
patients required 244 intubations.
Interventions: All intubations per-
formed during two consecutive
phases (a 6-month quality control
phase followed by a 6-month inter-
vention phase based on the
implementation of an ICU intubation
bundle management protocol) were
evaluated. The ten bundle compo-
nents were: preoxygenation with
noninvasive positive pressure venti-
lation, presence of two operators,
rapid sequence induction, cricoid
pressure, capnography, protective
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and vasopressor use if needed.

Measurements and main results:
The primary end points were the
incidence of life-threatening compli-
cations occurring within 60 min after
intubation (cardiac arrest or death,
severe cardiovascular collapse and
hypoxemia). Other complications
(mild to moderate) were also evalu-
ated. Baseline characteristics,
including demographic data and rea-
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respiratory failure), were similar in
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were significant differences between the two phases for six
of the ten processes, i.e., all that were recorded during the
control phase (Table 5). Mean pressure support level
delivered during the NIPPV for preoxygenation was sim-
ilar for the two phases (10 ± 4 cmH2O).

Intubation-related complications

The intubation procedure in the intervention phase
(n = 121) was associated both with significantly lower
life-threatening complications (21 vs. 34%, p = 0.03)
(Fig. 1) and mild to moderate complications (9 vs. 21%,
p = 0.01) (Fig. 2) than those in the control phase
(n = 123). Severe hypoxemia and cardiovascular col-
lapse, which were the main life-threatening complications
after intubation, were reduced by half in the intervention
group compared to the control group (Fig. 1).

We reported 12 esophageal intubations (6 in each
group); 3 of them were complicated by severe hypoxemia
(all in the control group, without capnography). Among
the four esophageal intubations diagnosed by capnogra-
phy, none of the patients developed severe hypoxemia,
but two resulted in hemodynamic collapse. We did not
find any significant change in the rate of complications,
whether capnography was used or not. Difficult intubation
was not different between the control and the intervention
groups.

Patient outcomes

There was no difference in length of mechanical venti-
lation [7 (2–14) vs. 8 (4–15) days, p = 0.65], ICU

Table 5 Processes of medical care for the 244 evaluated procedures

Control
(n = 121)

Intervention
(n = 123)

p

Pre-procedure
1. Presence of two operators 79/121 (65) 123/123 (100) \0.001
3. Preparation of long-term sedation NR 98/123 (80) NA
2. Fluid loading 56/115 (49) 86/115 (75) \0.001
4. Preoxygenation with NIPPV 34/73 (47) 65/80 (82) \0.001
During procedure
5. Anesthetic drugs
Hypnotics
Etomidate 42/121 (35) 72/123 (58) \0.001
Ketamine 0/121 (0) 22/123 (18) \0.001
Others hypnotics 75/121 (62) 29/123 (24) \0.001

Muscle relaxants
Succinylcholine 36/115 (32) 89/114 (78) \0.001
Other muscle relaxant 42/121 (35) 9/123 (7) \0.001

6. Sellick maneuver 41/121 (34) 88/123 (72) \0.001
Post-procedure
7. Capnography use 0/121 (0) 69/123 (56) \0.001
8. Early vasopressives drugs NR 14/19 (77) NA
9. Initiation of long-term sedation NR 81/123 (65) NA
10. Initial ‘‘protective ventilation’’ NR 74/105 (70) NA

The number for the denominator served to calculate the frequency
of succinylcholine use taking into account only the cases without
contraindications for succinylcholine use in both groups. Control:
six contraindications to succinylcholine, no details have been
recorded. Intervention: nine contraindications to succinylcholine:
amyotrophic lateral sclerosis (one case), Guillain–Barre syndrome

(one case), spinal muscular amyotrophy (one case), acute renal
failure (one case), acute hyperkaliemia (one case), extreme bra-
dycardia (one case) and anticipated difficult intubation (three cases)
Data are number (%) or mean ± SD
NR not recorded, NA not applicable
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Fig. 1 Life-threatening complications occurring after all intuba-
tions performed during the control (n = 121) and the intervention
(n = 123) phases. *p \ 0.05 versus control phase. NS not
significant
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1Intensive Care and Anesthesiology Department, University of Montpellier Saint Eloi Hospital, Montpellier, France; 2Department of Statistics,
University of Montpellier Lapeyronie Hospital, UMR 729 MISTEA, Montpellier, France; 3INSERM, U1075, University of Caen, CHRU Caen, Service de
Réanimation Médicale, Caen, France; 4Medical Intensive Care, Cochin Hospital, Assistance Publique des Hôpitaux de Paris Université Paris Descartes,
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Hôpital Beaujon, Paris, France; 10Intensive Care and Anesthesiology Department, Hotel-Dieu Hospital, University Hospital of Clermont Ferrand,
Clermont-Ferrand, France; 11Intensive Care and Anesthesiology Department, University of Montpellier, Nimes Hospital, Nimes, France; 12Intensive
Care and Anesthesiology Department and 13Medical Intensive Care Unit, University Hospital, Nord Hospital, Marseille, France; 14Intensive Care and
Anesthesiology Department, University of Nantes, Hotel-Dieu Hospital, Nantes, France; 15Medical Intensive Care Unit, University of Paris-Diderot,
Saint Louis Hospital, Paris, France; 16Intensive Care Department, Centre Hospitalier d’Avignon, Avignon, France; and 17Unité U1046 de l’Institut
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Rationale: Difficult intubation in the intensive care unit (ICU) is a
challenging issue.
Objectives: To developand validate a simplified score for identifying
patients with difficult intubation in the ICU and to report related
complications.
Methods: Data collected in a prospective multicenter study from
1,000 consecutive intubations from 42 ICUs were used to develop
a simplified score of difficult intubation, which was then validated
externally in 400 consecutive intubation procedures from 18 other
ICUs and internally by bootstrap on 1,000 iterations.
Measurements andMain Results: Inmultivariate analysis, themain pre-
dictors of difficult intubation (incidence ¼ 11.3%) were related to pa-
tient (Mallampati score III or IV, obstructive sleep apnea syndrome,
reducedmobility of cervical spine, limitedmouth opening); pathology
(severe hypoxia, coma); and operator (nonanesthesiologist). From the
bparameter,a seven-itemsimplifiedscore(MACOCHAscore)wasbuilt,
with an area under the curve (AUC) of 0.89 (95% confidence interval
[CI], 0.85–0.94). In the validation cohort (prevalence of difficult intuba-
tion¼ 8%), the AUCwas 0.86 (95%CI, 0.76–0.96), with a sensitivity of
73%, a specificity of 89%, a negative predictive value of 98%, and

apositivepredictivevalueof36%.After internalvalidationbybootstrap,
the AUC was 0.89 (95% CI, 0.86–0.93). Severe life-threatening events
(severe hypoxia, collapse, cardiac arrest, or death) occurred in 38% of
the 1,000 cases. Patients with difficult intubation (n ¼ 113) had signif-
icantlyhighersevere life-threateningcomplicationsthanthosewhohad
a nondifficult intubation (51% vs. 36%; P, 0.0001).
Conclusions: Difficult intubation in the ICU is strongly associated
with severe life-threatening complications. A simple score including
seven clinical items discriminates difficult and nondifficult intuba-
tion in the ICU.
Clinical trial registeredwithwww.clinicaltrials.gov (NCT 01532063).
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Risk factors for difficult intubation are well described in
anesthesiology. However, in the intensive care unit (ICU),
they have yet to be identified in prospective multicenter
studies and no prediction score has been validated. Ad-
ditionally, association between difficult intubation and
related complications has not been studied in prospective
studies.

What This Study Adds to the Field

Seven clinical items available in the ICU were identified
as independent risk factors for difficult intubation and
constituted the MACOCHA score. This study develops
and validates a prediction score for difficult intubation in
the ICU. This score demonstrated good performance in
the original cohort, after external validation in a vali-
dation cohort and internal validation with bootstrap.
Moreover, difficult intubation was strongly associated
with moderate and severe life-threatening complications
related to intubation.
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procedure of severe hypoxemic patients, when com-
pared to preoxygenation with NIV alone. It is worth 
noting that the whole team should be trained to switch 
from a noninvasive method to invasive ventilation on 
the ventilator. Similarly, a bag-valve mask connected to 
oxygen should always be available to switch to manual 
ventilation if needed.

To summarize, four methods may provide sufficient 
reserves in oxygen during preoxygenation: facial mask 
oxygenation, HFNO, NIV, OPTINIV method, the latter 
permitting higher oxygen saturation during intubation 
procedure in severe hypoxemic patients.

"ough apneic oxygenation may prolong the safe 
apnea time during endotracheal intubation in the criti-
cally ill patients [23], the more efficient way to oxygen-
ate and ventilate patients during the period of apnea 
remains facial mask ventilation. Conventionally, rapid 
sequence induction, aimed at limiting gastric insufflation 
and thus pulmonary aspiration, is performed in the criti-
cally ill patients, as they may not be fasted or may have a 
slower gastric emptying. In the PREVENT study, Casey 
et  al. [37] randomized patients to receive mask ventila-
tion or no ventilation between induction and intubation. 
Patients receiving mask ventilation experienced a lower 
incidence of severe hypoxemia compared to controls, 
without suffering from an increased rate of pulmonary 
aspiration. "ough this study was not powered to look at 
pulmonary aspiration, it certainly challenges dogma and 
provides some reassurance for gentle mask ventilation to 
limit hypoxemia during rapid sequence induction.

Devices for endotracheal tube positioning 
and airway management algorithms
Difficult intubation is known to be associated with life-
threatening complications [4, 5, 38–41]. Successful first-
attempt intubation is an established endpoint in airway 
management trials [41, 42] and first-attempt failure was 
reported to be a contributing factor to periprocedural 
complications and death [43, 44]. First-attempt success in 
ICU remains around 80% in the INTUBE study [6].

Risk factors for difficult intubation in ICU were 
assessed in a prospective multicenter observational study 
[45]. A score used for predicting difficult intubation, 
the MACOCHA score, was developed and later exter-
nally validated. "e main predictors of difficult intuba-
tion were related to the patient (Mallampati score III or 
IV, obstructive sleep apnea syndrome (OSAS), reduced 
mobility of cervical spine, limited mouth opening), the 
pathology (coma, severe hypoxemia) and the operator 
(non-anesthesiologist) (Table  1). To rule out a difficult 
intubation with certainty, a cutoff of 3 was appropriate, 
allowing optimal negative predictive value and sensitivity.

In order to improve first-attempt success and reduce 
the rate of difficult intubation, the device used for intuba-
tion is of major importance. Until the coronavirus disease 
2019 (COVID-19) pandemic, standard laryngoscopy was 
the method the most used for intubation, in line with the 
ICU airway management recommendations [3, 44, 46–
50]. Meanwhile, the most widely used technique for tra-
cheal intubation with a standard Macintosh laryngoscope 
in critically ill patients was tracheal intubation using an 
endotracheal tube alone [3]. Alternatively, endotracheal 
tube using an intubating stylet has been proposed to 
facilitate endotracheal tube insertion, aimed at reduc-
ing the complications related to intubation [51]. Some 
authors suggest that using a preshaped endotracheal 
tube with a stylet may increase successful first-attempt 
intubation [51]. However, some traumatic injuries with 
stylets have been reported in case reports, with a very 
low incidence, including mucosal bleeding, perforation 
of the trachea or esophagus, and sore throat [51–53]. To 
determine the effect of using an intubating stylet on suc-
cessful first-attempt intubation during endotracheal intu-
bation of critically ill adults, we conducted the STYLET 
for Orotracheal intubation (STYLETO) trial [54]. We 
hypothesized that, as compared with endotracheal tube 
alone, the use of a stylet would significantly increase the 
successful first-attempt intubation rate. "is multicenter 
randomized controlled trial was conducted in 32 ICUs 
in 30 university and 2 non-university French hospitals. 

Table 1 MACOCHA score calculation worksheet

M. Mallampati score III or IV

A. Apnea Syndrome (obstructive)

C. Cervical spine limitation

O. Opening mouth < 3 cm

C. Coma

H. Hypoxia

A. Anesthesiologist Non-trained

Coded from 0 to 12

0 = easy

12 = very di"cult

Points

Factors related to patient
 Mallampati score III or IV 5

 Obstructive sleep apnea syndrome 2

 Reduced mobility of cervical spine 1

 Limited mouth opening < 3 cm 1

Factors related to pathology
 Coma 1

 Severe hypoxemia (< 80%) 1

Factor related to operator
 Non-anesthesiologist 1

Total 12
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Mallampati score alone was less effective than MACOCHA
score to predict difficult intubation. Two factors specific to
ICU patients were recognized in this study and are included
in the score: severe hypoxemia before intubation and coma
(Glasgow score ,8 as a reason for intubation). Severe hypox-
emia as a risk factor can be explained by a shortness of time to
be adequately prepared for the intubation and perhaps by in-
creased stress for physicians performing the procedure. Like-
wise, patients intubated for coma often present increased
oropharyngeal secretions, limiting view of the glottis.

Moreover, the simplified score contains a factor related to the
operator: a formal anesthetic training of at least 24 months. Con-
sidering the link between anesthesiology formation and difficult
intubation (1), previous studies were not powered enough to
show this association. A recent study (13) performed in Scot-
land, where almost all operators had a formal anesthetic train-
ing greater than 24 months, revealed a very low rate of difficult
intubation and complications, in accordance with our study. In
previous studies, the presence of two operators to perform the
intubation was found as a protective factor for complications
related to intubation (1, 27). In our opinion, the standard of care
changed in France more than 8 years after these studies: the
increased number of operators when difficult intubation occurred
in the current study was more a consequence of difficult intuba-
tion. It is noteworthy that BMI was assessed as a risk factor for
difficult intubation in univariate analysis but not in multivariate
analysis. This might be explained by the important clinical over-
lap of BMI with other risk factors more associated with difficult
intubation in the final model, such as Mallampati score, mouth
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TABLE 5. MACOCHA SCORE CALCULATION WORKSHEET

Factors Points
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Limited mouth opening ,3 cm 1

Factors related to pathology
Coma 1
Severe hypoxemia (,80%) 1

Factor related to operator
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Total 12

Definition of abbreviation: MACOCHA ¼ Mallampati score III or IV, Apnea syn-
drome (obstructive), Cervical spine limitation, Opening mouth ,3 cm, Coma,
Hypoxia, Anesthesiologist nontrained.
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Figure 2. (A) Frequency of difficult intubation in original cohort accord-
ing to the MACOCHA score. Frequency of difficult intubation with
different MACOCHA score values. N ¼ number of patients in the study
who had particular MACOCHA score values. (B) Frequency of difficult
intubation in validation cohort according to the MACOCHA score. Fre-
quency of difficult intubation with different MACOCHA score values.
N ¼ number of patients in the study who had particular MACOCHA
score values.
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IMPORTANCE Tracheal intubation is one of the most commonly performed and high-risk
interventions in critically ill patients. Limited information is available on adverse
peri-intubation events.

OBJECTIVE To evaluate the incidence and nature of adverse peri-intubation events and to
assess current practice of intubation in critically ill patients.

DESIGN, SETTING, AND PARTICIPANTS The International Observational Study to Understand
the Impact and Best Practices of Airway Management in Critically Ill Patients (INTUBE) study
was an international, multicenter, prospective cohort study involving consecutive critically ill
patients undergoing tracheal intubation in the intensive care units (ICUs), emergency
departments, and wards, from October 1, 2018, to July 31, 2019 (August 28, 2019, was the
final follow-up) in a convenience sample of 197 sites from 29 countries across 5 continents.

EXPOSURES Tracheal intubation.

MAIN OUTCOMES AND MEASURES The primary outcome was the incidence of major adverse
peri-intubation events defined as at least 1 of the following events occurring within 30
minutes from the start of the intubation procedure: cardiovascular instability (either: systolic
pressure <65 mm Hg at least once, <90 mm Hg for >30 minutes, new or increase need of
vasopressors or fluid bolus >15 mL/kg), severe hypoxemia (peripheral oxygen saturation
<80%) or cardiac arrest. The secondary outcomes included intensive care unit mortality.

RESULTS Of 3659 patients screened, 2964 (median age, 63 years; interquartile range [IQR],
49-74 years; 62.6% men) from 197 sites across 5 continents were included. The main reason
for intubation was respiratory failure in 52.3% of patients, followed by neurological
impairment in 30.5%, and cardiovascular instability in 9.4%. Primary outcome data were
available for all patients. Among the study patients, 45.2% experienced at least 1 major
adverse peri-intubation event. The predominant event was cardiovascular instability,
observed in 42.6% of all patients undergoing emergency intubation, followed by severe
hypoxemia (9.3%) and cardiac arrest (3.1%). Overall ICU mortality was 32.8%.

CONCLUSIONS AND RELEVANCE In this observational study of intubation practices in critically
ill patients from a convenience sample of 197 sites across 29 countries, major adverse
peri-intubation events—in particular cardiovascular instability—were observed frequently.
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Tracheal Intubation Practices and Success Rates
Of the study patients, 1847 (62.4%) received preoxygenation
by a bag-valve mask, the most frequently used method. Non-
invasive ventilation was used for 344 patients (11.6%) and high-

flow nasal cannula for 160 patients (5.4%; Table 3; eTable 2 in
the Supplement).

Of the study patients, 1727 (62.2%) underwent rapid se-
quence induction (ie, no ventilation between induction and

Table 3. Techniques, Medications, and Confirmations of Intubations

Variable No. (%) (n = 2964)
Application of an airway management protocol

Standard protocol

In place and used 1510 (51.0)

In place and not useda 443 (15.0)

No standard protocol in place 1009 (34.0)

Preoxygenation method (n = 2960)

Bag-valve mask 1847 (62.4)

Standard facemask 389 (13.2)

Noninvasive ventilation 344 (11.6)

High-flow nasal cannula 160 (5.4)

Anesthesia breathing circuitb 56 (1.9)

Continuous positive airway pressure 51 (1.7)

Venturi system 47 (1.6)

Nasal cannula 47 (1.6)

Otherc 19 (0.6)

Apneic oxygenation, No./total (%)d 308/2959 (10.4)

Rapid sequence induction, No./total (%)e 1727/2777 (62.2)

Cricoid pressure, No./total (%) 1120/2956 (37.9)

Induction agent, No./total (%)f 2774/2964 (93.6)

Propofol 1230 (41.5)

Midazolam 1079 (36.4)

Etomidate 527 (17.8)

Ketamine 421 (14.2)

Muscle relaxant use, No./total (%) 2095/2776 (75.5)

Rocuronium 1239 (41.8)

Succinylcholine 646 (21.8)

Vecuronium 95 (3.2)

Cisatracurium 85 (2.9)

Opioid use for intubation, No./total (%) 1415/2776 (51.0)

Method of laryngoscopy (n = 2963)

Direct laryngoscopy with Macintosh or Miller blade 2416 (81.5)

Video laryngoscopy 505 (17.1)

Other methodg 42 (1.4)

Use of intubation adjuncts (n = 1055)

Stylet 816 (77.4)

Bougie 230 (21.8)

Otherh 9 (0.8)

First method used to confirm intubation (n = 2956)

Auscultation 1711 (57.9)

Waveform capnographyi 758 (25.6)

Colorimetric carbon dioxide detectionj 222 (7.5)

Capnometryk 138 (4.7)

None 7 (0.2)

Otherl 120 (4.1)

Success, No./total (%)

First pass 2360/2958 (79.8)

Second pass 460/2958 (15.6)

Emergency front-of-neck accessm 4 (0.13)

a Standard protocol was not used in
intensive care unit (57.3%),
emergency department (26.6%),
ward (11.5%), and other places
(4.51%), including recovery,
cardiology, radiology, and
endoscopy interventional rooms.

b Anesthesia breathing circuits
(eg, Mapleson C) are used outside
the operating room in some centers
instead of self-inflating bags
(bag-valve mask). While they
require a source of oxygen to work,
they provide a lower resistance
alternative in spontaneously
breathing patients.

c Included invasive mechanical
ventilation (for patients with
self-extubation) and
preoxygenation via bag-valve and
an extraglottic airway device.

d Oxygen administration during
laryngoscopy or fiberoscopy.

e Rapid onset induction without
positive pressure ventilation
between induction and
laryngoscopy.

f Proportion of patients receiving
each subcategory of induction
agent. Some patients received more
than 1 induction drug while others
received an opioid as induction
agent or underwent awake
fiberoptic intubation under local
anesthesia.

g Included direct laryngoscopy with
McCoy blade and fiberoptic
intubation. Nasotracheal
intubations were performed in
0.8% of patients.

h Included tube exchange catheter,
lighted stylet, and Magill forceps.

i Monitor provided the graphic
measurement of exhaled carbon
dioxide plotted against time.

j Device uses a photochemical
reaction to detect the presence of
carbon dioxide in the exhaled air.

k Provides only the absolute value of
carbon dioxide concentration in the
exhaled air.

l Included chest x-ray and
fiberoscopy.

mOne cricothyroidotomy, 1
percutaneous tracheostomy, and 2
surgical tracheostomies.
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Permet de « saturer » la CRF en O2

Conditionne le temps d’apnée sans désaturation
Déterminants: CRF (position proclive, modalité de pré-oxygénation)

FiO2 et donc FeO2

VO2
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Method of laryngoscopy (n = 2963)

Direct laryngoscopy with Macintosh or Miller blade 2416 (81.5)

Video laryngoscopy 505 (17.1)

Other methodg 42 (1.4)

Use of intubation adjuncts (n = 1055)

Stylet 816 (77.4)

Bougie 230 (21.8)

Otherh 9 (0.8)

First method used to confirm intubation (n = 2956)

Auscultation 1711 (57.9)

Waveform capnographyi 758 (25.6)

Colorimetric carbon dioxide detectionj 222 (7.5)

Capnometryk 138 (4.7)

None 7 (0.2)

Otherl 120 (4.1)

Success, No./total (%)

First pass 2360/2958 (79.8)

Second pass 460/2958 (15.6)

Emergency front-of-neck accessm 4 (0.13)

a Standard protocol was not used in
intensive care unit (57.3%),
emergency department (26.6%),
ward (11.5%), and other places
(4.51%), including recovery,
cardiology, radiology, and
endoscopy interventional rooms.

b Anesthesia breathing circuits
(eg, Mapleson C) are used outside
the operating room in some centers
instead of self-inflating bags
(bag-valve mask). While they
require a source of oxygen to work,
they provide a lower resistance
alternative in spontaneously
breathing patients.

c Included invasive mechanical
ventilation (for patients with
self-extubation) and
preoxygenation via bag-valve and
an extraglottic airway device.

d Oxygen administration during
laryngoscopy or fiberoscopy.

e Rapid onset induction without
positive pressure ventilation
between induction and
laryngoscopy.

f Proportion of patients receiving
each subcategory of induction
agent. Some patients received more
than 1 induction drug while others
received an opioid as induction
agent or underwent awake
fiberoptic intubation under local
anesthesia.

g Included direct laryngoscopy with
McCoy blade and fiberoptic
intubation. Nasotracheal
intubations were performed in
0.8% of patients.

h Included tube exchange catheter,
lighted stylet, and Magill forceps.

i Monitor provided the graphic
measurement of exhaled carbon
dioxide plotted against time.

j Device uses a photochemical
reaction to detect the presence of
carbon dioxide in the exhaled air.

k Provides only the absolute value of
carbon dioxide concentration in the
exhaled air.

l Included chest x-ray and
fiberoscopy.

mOne cricothyroidotomy, 1
percutaneous tracheostomy, and 2
surgical tracheostomies.
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IMPORTANCE Tracheal intubation is one of the most commonly performed and high-risk
interventions in critically ill patients. Limited information is available on adverse
peri-intubation events.

OBJECTIVE To evaluate the incidence and nature of adverse peri-intubation events and to
assess current practice of intubation in critically ill patients.

DESIGN, SETTING, AND PARTICIPANTS The International Observational Study to Understand
the Impact and Best Practices of Airway Management in Critically Ill Patients (INTUBE) study
was an international, multicenter, prospective cohort study involving consecutive critically ill
patients undergoing tracheal intubation in the intensive care units (ICUs), emergency
departments, and wards, from October 1, 2018, to July 31, 2019 (August 28, 2019, was the
final follow-up) in a convenience sample of 197 sites from 29 countries across 5 continents.

EXPOSURES Tracheal intubation.

MAIN OUTCOMES AND MEASURES The primary outcome was the incidence of major adverse
peri-intubation events defined as at least 1 of the following events occurring within 30
minutes from the start of the intubation procedure: cardiovascular instability (either: systolic
pressure <65 mm Hg at least once, <90 mm Hg for >30 minutes, new or increase need of
vasopressors or fluid bolus >15 mL/kg), severe hypoxemia (peripheral oxygen saturation
<80%) or cardiac arrest. The secondary outcomes included intensive care unit mortality.

RESULTS Of 3659 patients screened, 2964 (median age, 63 years; interquartile range [IQR],
49-74 years; 62.6% men) from 197 sites across 5 continents were included. The main reason
for intubation was respiratory failure in 52.3% of patients, followed by neurological
impairment in 30.5%, and cardiovascular instability in 9.4%. Primary outcome data were
available for all patients. Among the study patients, 45.2% experienced at least 1 major
adverse peri-intubation event. The predominant event was cardiovascular instability,
observed in 42.6% of all patients undergoing emergency intubation, followed by severe
hypoxemia (9.3%) and cardiac arrest (3.1%). Overall ICU mortality was 32.8%.

CONCLUSIONS AND RELEVANCE In this observational study of intubation practices in critically
ill patients from a convenience sample of 197 sites across 29 countries, major adverse
peri-intubation events—in particular cardiovascular instability—were observed frequently.
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Tracheal Intubation Practices and Success Rates
Of the study patients, 1847 (62.4%) received preoxygenation
by a bag-valve mask, the most frequently used method. Non-
invasive ventilation was used for 344 patients (11.6%) and high-

flow nasal cannula for 160 patients (5.4%; Table 3; eTable 2 in
the Supplement).

Of the study patients, 1727 (62.2%) underwent rapid se-
quence induction (ie, no ventilation between induction and

Table 3. Techniques, Medications, and Confirmations of Intubations

Variable No. (%) (n = 2964)
Application of an airway management protocol

Standard protocol

In place and used 1510 (51.0)

In place and not useda 443 (15.0)

No standard protocol in place 1009 (34.0)

Preoxygenation method (n = 2960)

Bag-valve mask 1847 (62.4)

Standard facemask 389 (13.2)

Noninvasive ventilation 344 (11.6)

High-flow nasal cannula 160 (5.4)

Anesthesia breathing circuitb 56 (1.9)

Continuous positive airway pressure 51 (1.7)

Venturi system 47 (1.6)

Nasal cannula 47 (1.6)

Otherc 19 (0.6)

Apneic oxygenation, No./total (%)d 308/2959 (10.4)

Rapid sequence induction, No./total (%)e 1727/2777 (62.2)

Cricoid pressure, No./total (%) 1120/2956 (37.9)

Induction agent, No./total (%)f 2774/2964 (93.6)

Propofol 1230 (41.5)

Midazolam 1079 (36.4)

Etomidate 527 (17.8)

Ketamine 421 (14.2)

Muscle relaxant use, No./total (%) 2095/2776 (75.5)

Rocuronium 1239 (41.8)

Succinylcholine 646 (21.8)

Vecuronium 95 (3.2)

Cisatracurium 85 (2.9)

Opioid use for intubation, No./total (%) 1415/2776 (51.0)

Method of laryngoscopy (n = 2963)

Direct laryngoscopy with Macintosh or Miller blade 2416 (81.5)

Video laryngoscopy 505 (17.1)

Other methodg 42 (1.4)

Use of intubation adjuncts (n = 1055)

Stylet 816 (77.4)

Bougie 230 (21.8)

Otherh 9 (0.8)

First method used to confirm intubation (n = 2956)

Auscultation 1711 (57.9)

Waveform capnographyi 758 (25.6)

Colorimetric carbon dioxide detectionj 222 (7.5)

Capnometryk 138 (4.7)

None 7 (0.2)

Otherl 120 (4.1)

Success, No./total (%)

First pass 2360/2958 (79.8)

Second pass 460/2958 (15.6)

Emergency front-of-neck accessm 4 (0.13)

a Standard protocol was not used in
intensive care unit (57.3%),
emergency department (26.6%),
ward (11.5%), and other places
(4.51%), including recovery,
cardiology, radiology, and
endoscopy interventional rooms.

b Anesthesia breathing circuits
(eg, Mapleson C) are used outside
the operating room in some centers
instead of self-inflating bags
(bag-valve mask). While they
require a source of oxygen to work,
they provide a lower resistance
alternative in spontaneously
breathing patients.

c Included invasive mechanical
ventilation (for patients with
self-extubation) and
preoxygenation via bag-valve and
an extraglottic airway device.

d Oxygen administration during
laryngoscopy or fiberoscopy.

e Rapid onset induction without
positive pressure ventilation
between induction and
laryngoscopy.

f Proportion of patients receiving
each subcategory of induction
agent. Some patients received more
than 1 induction drug while others
received an opioid as induction
agent or underwent awake
fiberoptic intubation under local
anesthesia.

g Included direct laryngoscopy with
McCoy blade and fiberoptic
intubation. Nasotracheal
intubations were performed in
0.8% of patients.

h Included tube exchange catheter,
lighted stylet, and Magill forceps.

i Monitor provided the graphic
measurement of exhaled carbon
dioxide plotted against time.

j Device uses a photochemical
reaction to detect the presence of
carbon dioxide in the exhaled air.

k Provides only the absolute value of
carbon dioxide concentration in the
exhaled air.

l Included chest x-ray and
fiberoscopy.

mOne cricothyroidotomy, 1
percutaneous tracheostomy, and 2
surgical tracheostomies.
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IMPORTANCE Tracheal intubation is one of the most commonly performed and high-risk
interventions in critically ill patients. Limited information is available on adverse
peri-intubation events.

OBJECTIVE To evaluate the incidence and nature of adverse peri-intubation events and to
assess current practice of intubation in critically ill patients.

DESIGN, SETTING, AND PARTICIPANTS The International Observational Study to Understand
the Impact and Best Practices of Airway Management in Critically Ill Patients (INTUBE) study
was an international, multicenter, prospective cohort study involving consecutive critically ill
patients undergoing tracheal intubation in the intensive care units (ICUs), emergency
departments, and wards, from October 1, 2018, to July 31, 2019 (August 28, 2019, was the
final follow-up) in a convenience sample of 197 sites from 29 countries across 5 continents.

EXPOSURES Tracheal intubation.

MAIN OUTCOMES AND MEASURES The primary outcome was the incidence of major adverse
peri-intubation events defined as at least 1 of the following events occurring within 30
minutes from the start of the intubation procedure: cardiovascular instability (either: systolic
pressure <65 mm Hg at least once, <90 mm Hg for >30 minutes, new or increase need of
vasopressors or fluid bolus >15 mL/kg), severe hypoxemia (peripheral oxygen saturation
<80%) or cardiac arrest. The secondary outcomes included intensive care unit mortality.

RESULTS Of 3659 patients screened, 2964 (median age, 63 years; interquartile range [IQR],
49-74 years; 62.6% men) from 197 sites across 5 continents were included. The main reason
for intubation was respiratory failure in 52.3% of patients, followed by neurological
impairment in 30.5%, and cardiovascular instability in 9.4%. Primary outcome data were
available for all patients. Among the study patients, 45.2% experienced at least 1 major
adverse peri-intubation event. The predominant event was cardiovascular instability,
observed in 42.6% of all patients undergoing emergency intubation, followed by severe
hypoxemia (9.3%) and cardiac arrest (3.1%). Overall ICU mortality was 32.8%.

CONCLUSIONS AND RELEVANCE In this observational study of intubation practices in critically
ill patients from a convenience sample of 197 sites across 29 countries, major adverse
peri-intubation events—in particular cardiovascular instability—were observed frequently.
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Tracheal Intubation Practices and Success Rates
Of the study patients, 1847 (62.4%) received preoxygenation
by a bag-valve mask, the most frequently used method. Non-
invasive ventilation was used for 344 patients (11.6%) and high-

flow nasal cannula for 160 patients (5.4%; Table 3; eTable 2 in
the Supplement).

Of the study patients, 1727 (62.2%) underwent rapid se-
quence induction (ie, no ventilation between induction and

Table 3. Techniques, Medications, and Confirmations of Intubations

Variable No. (%) (n = 2964)
Application of an airway management protocol

Standard protocol

In place and used 1510 (51.0)

In place and not useda 443 (15.0)

No standard protocol in place 1009 (34.0)

Preoxygenation method (n = 2960)

Bag-valve mask 1847 (62.4)

Standard facemask 389 (13.2)

Noninvasive ventilation 344 (11.6)

High-flow nasal cannula 160 (5.4)

Anesthesia breathing circuitb 56 (1.9)

Continuous positive airway pressure 51 (1.7)

Venturi system 47 (1.6)

Nasal cannula 47 (1.6)

Otherc 19 (0.6)

Apneic oxygenation, No./total (%)d 308/2959 (10.4)

Rapid sequence induction, No./total (%)e 1727/2777 (62.2)

Cricoid pressure, No./total (%) 1120/2956 (37.9)

Induction agent, No./total (%)f 2774/2964 (93.6)

Propofol 1230 (41.5)

Midazolam 1079 (36.4)

Etomidate 527 (17.8)

Ketamine 421 (14.2)

Muscle relaxant use, No./total (%) 2095/2776 (75.5)

Rocuronium 1239 (41.8)

Succinylcholine 646 (21.8)

Vecuronium 95 (3.2)

Cisatracurium 85 (2.9)

Opioid use for intubation, No./total (%) 1415/2776 (51.0)

Method of laryngoscopy (n = 2963)

Direct laryngoscopy with Macintosh or Miller blade 2416 (81.5)

Video laryngoscopy 505 (17.1)

Other methodg 42 (1.4)

Use of intubation adjuncts (n = 1055)

Stylet 816 (77.4)

Bougie 230 (21.8)

Otherh 9 (0.8)

First method used to confirm intubation (n = 2956)

Auscultation 1711 (57.9)

Waveform capnographyi 758 (25.6)

Colorimetric carbon dioxide detectionj 222 (7.5)

Capnometryk 138 (4.7)

None 7 (0.2)

Otherl 120 (4.1)

Success, No./total (%)

First pass 2360/2958 (79.8)

Second pass 460/2958 (15.6)

Emergency front-of-neck accessm 4 (0.13)

a Standard protocol was not used in
intensive care unit (57.3%),
emergency department (26.6%),
ward (11.5%), and other places
(4.51%), including recovery,
cardiology, radiology, and
endoscopy interventional rooms.

b Anesthesia breathing circuits
(eg, Mapleson C) are used outside
the operating room in some centers
instead of self-inflating bags
(bag-valve mask). While they
require a source of oxygen to work,
they provide a lower resistance
alternative in spontaneously
breathing patients.

c Included invasive mechanical
ventilation (for patients with
self-extubation) and
preoxygenation via bag-valve and
an extraglottic airway device.

d Oxygen administration during
laryngoscopy or fiberoscopy.

e Rapid onset induction without
positive pressure ventilation
between induction and
laryngoscopy.

f Proportion of patients receiving
each subcategory of induction
agent. Some patients received more
than 1 induction drug while others
received an opioid as induction
agent or underwent awake
fiberoptic intubation under local
anesthesia.

g Included direct laryngoscopy with
McCoy blade and fiberoptic
intubation. Nasotracheal
intubations were performed in
0.8% of patients.

h Included tube exchange catheter,
lighted stylet, and Magill forceps.

i Monitor provided the graphic
measurement of exhaled carbon
dioxide plotted against time.

j Device uses a photochemical
reaction to detect the presence of
carbon dioxide in the exhaled air.

k Provides only the absolute value of
carbon dioxide concentration in the
exhaled air.

l Included chest x-ray and
fiberoscopy.

mOne cricothyroidotomy, 1
percutaneous tracheostomy, and 2
surgical tracheostomies.
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Abstract 
Purpose: Etomidate and ketamine are hemodynamically stable induction agents often used to sedate critically ill 
patients during emergency endotracheal intubation. In 2015, quality improvement data from our hospital suggested 
a survival benefit at Day 7 from avoidance of etomidate in critically ill patients during emergency intubation. In this 
clinical trial, we hypothesized that randomization to ketamine instead of etomidate would be associated with Day 7 
survival after emergency endotracheal intubation.

Methods: A prospective, randomized, open-label, parallel assignment, single-center clinical trial performed by an 
anesthesiology-based Airway Team under emergent circumstances at one high-volume medical center in the United 
States. 801 critically ill patients requiring emergency intubation were randomly assigned 1:1 by computer-generated, 
pre-randomized sealed envelopes to receive etomidate (0.2–0.3 mg/kg, n = 400) or ketamine (1–2 mg/kg, n = 401) 
for sedation prior to intubation. The pre-specified primary endpoint of the trial was Day 7 survival. Secondary end-
points included Day 28 survival.

Results: Of the 801 enrolled patients, 396 were analyzed in the etomidate arm, and 395 in the ketamine arm. Day 7 
survival was significantly lower in the etomidate arm than in the ketamine arm (77.3% versus 85.1%, difference − 7.8, 
95% confidence interval − 13, − 2.4, p = 0.005). Day 28 survival rates for the two groups were not significantly differ-
ent (etomidate 64.1%, ketamine 66.8%, difference − 2.7, 95% confidence interval − 9.3, 3.9, p = 0.294).

Conclusion: While the primary outcome of Day 7 survival was greater in patients randomized to ketamine, there was 
no significant difference in survival by Day 28.

Keywords: Etomidate, Ketamine, Emergency endotracheal intubation, Anesthetic induction medication, Airway 
management

Introduction

Etomidate and ketamine are often used to sedate 
critically ill patients during emergency endotracheal 
intubation [1–4]. Both drugs have rapid onset and hemo-
dynamic stability compared to other induction agents [1]. 
Clinical practice guidelines recommend either agent for 
emergency endotracheal intubation of patients in shock 
[5].

*Correspondence:  gerald.matchett@utsouthwestern.edu 
1 Department of Anesthesiology and Pain Management, UT-
Southwestern Medical Center, 5323 Harry Hines Blvd, Dallas, TX 75390, 
USA
Full author information is available at the end of the article
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Table 1 Baseline characteristics

Data are presented as mean (SD) or number (%) unless otherwise indicated. Additional baseline characteristics are available in ESM 2

BMI body mass index, BICU Burn ICU, MICU medical ICU, NICU neurological ICU, SICU surgical ICU
a Knaus Chronic Health Score Category A – Previous good health with no functional limitations, Category B – Mild to moderate limitation of activity because of a 
chronic medical problem, Category C – Chronic disease producing serious but not incapacitating limitation of activity, Category D – Severe restriction of activity due 
to disease including people incapacitated or institutionalized because of illness
b Peri-intubation intravenous antibiotic therapies refers to repeated doses of intravenous antibiotic therapy on any Day 1–4. Prophylactic intraoperative antibiotic 
dosing was not included in this de!nition

Variable Etomidate (n = 396) Ketamine (n = 395)

Age, years, mean (SD) 55.8 (15.2) 55.4 (16)

Age, years, median (IQR) 56 (46, 66) 57 (45, 66)

Female gender, n (%) 153 (38.6) 150 (38)

Male gender, n (%) 243 (61.4) 245 (62)

Race, n (%)

 White 250 (63.1) 246 (62.3)

 Black 133 (33.6) 122 (30.9)

 Other 13 (3.3) 27 (6.8)

Hispanic ethnicity, n (%) 141 (35.6) 139 (35.2)

Weight, kg, mean (SD) 84.6 (30.3) 83.9 (29.9)

BMI, kg/m2, mean (SD) 29.8 (9.9) 29.6 (10.4)

Destination ICU, n (%)

 BICU 29 (7.3) 25 (6.3)

 MICU 261 (65.9) 286 (72.4)

 NICU 24 (6.1) 23 (5.8)

 SICU 79 (19.9) 56 (14.2)

 Other 3 (0.8) 5 (1.3)

Knaus chronic health status  scorea, n (%)

 Category A 78 (19.7) 63 (15.9)

 Category B 99 (25) 108 (27.3)

 Category C 162 (40.9) 161 (40.8)

 Category D 57 (14.4) 63 (15.9)

Reason for intubation, n (%)

 Shock 189 (47.7) 174 (44.1)

 Acute respiratory failure 175 (44.2) 191 (48.4)

 Neurological 27 (6.8) 27 (6.8)

 Other 5 (1.3) 3 (0.8)

Vital signs, mean (SD)

 SBP mmHg 120.7 (32.2) 120.3 (29.5)

 DBP mmHg 72.7 (23.1) 74.2 (21.6)

 MAP mmHg 88.7 (24.2) 89.5 (22.3)

 HR beats per minute 112.9 (24.1) 114.7 (23.4)

 Temperature, oC, mean (SD) 36.8 (1.6) 36.8 (1.5)

  O2 saturation, %, mean (SD) 95.8 (5.5) 96.1 (5)

Diagnosis of sepsis (pre-randomization) 136 (34.3) 136 (34.4)

Diagnosis of Sepsis (pre- or post-randomization) 204 (51.5) 196 (49.6)

Peri-intubation intravenous antibiotic  therapiesb 360 (90.9) 358 (90.6)

Acute injury, n (%)

 Burn 30 (7.6) 25 (6.3)

 Trauma 24 (6.1) 31 (7.8)

 None 342 (86.4) 339 (85.8)
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Fig. 2 Kaplan-Meier curves comparing patients randomized to receive etomidate (blue) or ketamine (red) during emergency endotracheal intuba-
tion. Day 7 Survival was significantly greater in patients randomized to ketamine (p = 0.005). Day 28 Survival was not significantly different between 
the two groups (p = 0.294).

Table 2 Primary and secondary outcomes

Data are presented as mean (SD), number (%) unless otherwise indicated
a Includes receipt of any continuous vasopressor or inotrope infusion (epinephrine, phenylephrine, norepinephrine, dopamine, dobutamine, vasopressin, milrinone) 
at any point on Day 1-4 which was documented on the ICU !owsheets. This did not include isolated bolus doses of vasopressors (or inotropes) administered during or 
immediately after intubation

Variable Etomidate (n = 396) Ketamine (n = 395) Di!erence (95% con"-
dence interval)

p value

Receiving vasopressor or inotrope infusion(s), n (%)a 235 (59.3) 213 (53.9) 5.4 (− 1.5, 12.3) 0.124

Duration of vasopressor or inotrope infusion(s) (days), 
median (IQR)

1 (0, 3) 1 (0, 3) 0 (0, 0) 0.498

Duration of mechanical ventilation, median (IQR) 5 (3, 9) 5 (3, 10) 0 (− 1, 0) 0.446

ICU length-of-stay, median (IQR) 8 (4, 16) 9 (5, 14) − 1 (− 1, 0) 0.302

Diagnosis of adrenal insufficiency, n (%) 11 (2.8) 4 (1) 1.8 (− 0.1, 3.7) 0.115

Day 7 survival, n (%) 306 (77.3) 336 (85.1) − 7.8 (− 13, − 2.4) 0.005

Day 28 survival, n (%) 254 (64.1) 264 (66.8) − 2.7 (− 9.3, 3.9) 0.294

Fig. 2 Kaplan-Meier curves comparing patients randomized to receive etomidate (blue) or ketamine (red) during emergency endotracheal intuba-
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the two groups (p = 0.294).
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Peri-intubation Cardiovascular Collapse in Patients Who Are
Critically Ill
Insights from the INTUBE Study
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Jean Baptiste Lascarrou8, Konstanty Szułdrzy!nski9,10, Luigi Camporota11, Christian Putensen12, Paolo Pelosi13,14,
Massimiliano Sorbello15, Andy Higgs16, Robert Greif17,18, Antonio Pesenti19, Maria Grazia Valsecchi2,3,
Roberto Fumagalli3,20, Giuseppe Foti3,21, Giacomo Bellani3,21, and John G. Laffey22,23;
for the INTUBE Study Investigators

Abstract

Rationale: Cardiovascular instability/collapse is a common
peri-intubation event in patients who are critically ill.

Objectives: To identify potentially modifiable variables
associated with peri-intubation cardiovascular instability/collapse
(i.e., systolic arterial pressure ,65 mm Hg [once] or ,90 mm Hg
for .30 minutes; new/increased vasopressor requirement; fluid
bolus .15 ml/kg, or cardiac arrest).

Methods: INTUBE (International Observational Study to
Understand the Impact and Best Practices of Airway
Management In Critically Ill Patients) was a multicenter
prospective cohort study of patients who were critically ill and
undergoing tracheal intubation in a convenience sample of 197
sites from 29 countries across five continents from October 1,
2018, to July 31, 2019.

Measurements and Main Results: A total of 2,760 patients were
included in this analysis. Peri-intubation cardiovascular instability/
collapse occurred in 1,199 out of 2,760 patients (43.4%). Variables
associated with this event were older age (odds ratio [OR], 1.02; 95%
confidence interval [CI], 1.02–1.03), higher heart rate (OR, 1.008; 95%
CI, 1.004–1.012), lower systolic blood pressure (OR, 0.98; 95% CI,

0.98–0.99), lower oxygen saturation as measured by pulse oximetry/
FIO2

before induction (OR, 0.998; 95% CI, 0.997–0.999), and the use
of propofol as an induction agent (OR, 1.28; 95% CI, 1.05–1.57).
Patients with peri-intubation cardiovascular instability/collapse were
at a higher risk of ICU mortality with an adjusted OR of 2.47 (95%
CI, 1.72–3.55), P, 0.001. The inverse probability of treatment
weighting method identified the use of propofol as the only factor
independently associated with cardiovascular instability/collapse (OR,
1.23; 95% CI, 1.02–1.49). When administered before induction,
vasopressors (OR, 1.33; 95% CI, 0.84–2.11) or fluid boluses (OR, 1.17;
95% CI, 0.96–1.44) did not reduce the incidence of cardiovascular
instability/collapse.

Conclusions: Peri-intubation cardiovascular instability/collapse
was associated with an increased risk of both ICU and 28-day
mortality. The use of propofol for induction was identified as a
modifiable intervention significantly associated with
cardiovascular instability/collapse.

Clinical trial registered with clinicaltrials.gov
(NCT03616054).

Keywords: intubation; cardiovascular collapse; airway
management
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was included in the model estimated on the
pseudopopulation. Despite a statistically
significant association of propofol use with
cardiovascular instability/collapse (OR, 1.39;
95% CI, 1.02–1.90), propofol dosage does not
have a significant association with
cardiovascular instability (OR, 0.91; 95% CI,
0.74–1.10).We applied the IPTWmethod to
identify variables associated with peri-
intubation life-threatening cardiovascular
collapse. Neither vasopressors use (OR, 0.89;
95% CI, 0.48–1.65) nor fluid boluses before
induction (OR, 1.07; 95% CI, 0.74–1.53)
nor propofol use (OR, 1.02; 95% CI,
0.72–1.46) were significantly associated
with life-threatening cardiovascular collapse.

Discussion

In this large international cohort study,
peri-intubation cardiovascular instability/
collapse occurred in 43.4% of patients, and
it was associated with an increased risk of
both ICU and 28-day mortality. Propofol,
which was frequently administered at
intubation, was significantly associated with
a higher risk of cardiovascular instability,
but it was not associated with life-
threatening collapse. This is the first large
international cohort study to identify a
modifiable factor independently associated
with the hemodynamic changes in patients
who were critically ill and undergoing

tracheal intubation or to assess the impact
of these changes on mortality.

Our findings support and extend those
previously published by Halliday and
colleagues, who performed a secondary
analysis of a pooled dataset from three
randomized trials to identify factors
associated with peri-intubation
cardiovascular collapse, with older age,
lower systolic blood pressure and saturation
at induction, and propofol use among
variables associated with an increased risk of
events while cirrhosis being interestingly
associated with a reduced risk (21). These
findings were mostly concordant with those
from the present cohort, in which older age,
lower pre-intubation systolic blood
pressure, lower SpO2

/FIO2
, and propofol use

were also associated with an increased risk
of events. While the prevalence of cirrhosis
was not collected in our cohort, chronic
liver failure was not significantly associated
with the risk of cardiovascular instability at
univariable analysis.

While interventions to optimize peri-
intubation oxygenation have been largely
investigated in patients who are critically ill
(11, 22–24), strategies to optimize
peri-intubation hemodynamics have been
rarely assessed in randomized studies to date.

In a pre–post study conducted in three
French ICUs, the implementation of an
intubation bundle was associated with a
lower incidence of peri-intubation adverse

events compared with the baseline period.
The 10-item bundle included the presence of
two operators, preoxygenation with positive
pressure ventilation, fluid loading with 500
ml of saline, induction with either ketamine
or etomidate, and early start of noradrenaline
(after intubation) in case of persisting
diastolic pressure,35 mmHg (14). Severe
hypoxemia and cardiovascular instability,
which were the twomajor peri-intubation
adverse events, were reduced by half after
implementing this bundle compared with the
control period. However, it was not possible
to ascertain which intervention in the
bundle was more effective at reducing the
risk of peri-intubation cardiovascular
instability (14).

In the Preventing Cardiovascular
collaPseWith Administration of Fluid
Resuscitation Before Endotracheal
Intubation (PREPARE) trial conducted in
nine sites in the United States, adult patients
who were critically ill and undergoing
tracheal intubation were randomized to
receive either 500 ml of a crystalloid solution
or no fluid bolus. The trial was interrupted
for futility after detecting the lack of benefit
of the crystalloid bolus on hemodynamic
collapse after intubation (15). In the present
study, no association was found between the
use of a fluid bolus or vasopressors and the
risk of peri-intubation cardiovascular
instability/collapse. However, patients
receiving vasopressors before intubation
may have been deemed at higher risk of
cardiovascular collapse after intubation,
and the use of vasopressors in these patients
may have offset this risk.

Induction agents may have a major
influence on hemodynamic status after
intubation (25–27), while peri-intubation
vasopressors may counterbalance the
vasodilatory effects of these induction
agents and prevent peri-intubation
cardiovascular instability/collapse.
However, their use as a preemptive strategy
has never been investigated during the peri-
intubation period in patients who are
critically ill.

In a multicenter French study, patients
who were critically ill and undergoing rapid
sequence induction were randomized to

Figure 2. (Continued ). vasopressors or a fluid bolus before intubation and in patients receiving or not receiving propofol at induction. In the top
row, the incidence of the composite outcome of cardiovascular instability/collapse in each quartile of baseline blood pressure. From the
decreasing behavior of the boxplots, we may observe that the higher the baseline SBP, the higher the registered blood pressure drop after
intubation. Card. Coll. = cardiovascular collapse; SBP=systolic blood pressure.

Table 3. Effect of Vasopressors, Fluid Bolus, Use of Propofol, Age, Adjusted
Sequential Organ Failure Assessment Score, Heart Rate, Oxygen Saturation
as Measured by Pulse Oximetry/FIO2

, Systolic Blood Pressure on Cardiovascular
Instability/Collapse by a Multiple Logistic Regression Model

Variable OR (95% CI) P value

Vasopressors 1.143 (0.854–1.530) 0.37
Fluid bolus 1.187 (0.962–1.464) 0.11
Use of propofol 1.283 (1.047–1.572) 0.016
Age (yr) 1.022 (1.016–1.028) ,0.001
Adjusted SOFA 1.024 (0.995–1.053) 0.101
Heart rate 1.008 (1.004–1.012) ,0.001
SpO2

/FIO2
0.998 (0.997–0.999) ,0.001

Systolic blood pressure (mm Hg) 0.983 (0.980–0.987) ,0.001

Definition of abbreviations: CI = confidence interval; OR=odds ratio; SOFA=Sequential Organ
Failure Assessment; SpO2

=oxygen saturation as measured by pulse oximetry.

ORIGINAL ARTICLE

456 American Journal of Respiratory and Critical Care Medicine Volume 206 Number 4 | August 15 2022

 

ORIGINAL ARTICLE

Peri-intubation Cardiovascular Collapse in Patients Who Are
Critically Ill
Insights from the INTUBE Study
Vincenzo Russotto1*, Elena Tassistro2,3*, Sheila N. Myatra4, Matteo Parotto5,6, Laura Antolini2,3, Philippe Bauer7,
Jean Baptiste Lascarrou8, Konstanty Szułdrzy!nski9,10, Luigi Camporota11, Christian Putensen12, Paolo Pelosi13,14,
Massimiliano Sorbello15, Andy Higgs16, Robert Greif17,18, Antonio Pesenti19, Maria Grazia Valsecchi2,3,
Roberto Fumagalli3,20, Giuseppe Foti3,21, Giacomo Bellani3,21, and John G. Laffey22,23;
for the INTUBE Study Investigators

Abstract

Rationale: Cardiovascular instability/collapse is a common
peri-intubation event in patients who are critically ill.

Objectives: To identify potentially modifiable variables
associated with peri-intubation cardiovascular instability/collapse
(i.e., systolic arterial pressure ,65 mm Hg [once] or ,90 mm Hg
for .30 minutes; new/increased vasopressor requirement; fluid
bolus .15 ml/kg, or cardiac arrest).

Methods: INTUBE (International Observational Study to
Understand the Impact and Best Practices of Airway
Management In Critically Ill Patients) was a multicenter
prospective cohort study of patients who were critically ill and
undergoing tracheal intubation in a convenience sample of 197
sites from 29 countries across five continents from October 1,
2018, to July 31, 2019.

Measurements and Main Results: A total of 2,760 patients were
included in this analysis. Peri-intubation cardiovascular instability/
collapse occurred in 1,199 out of 2,760 patients (43.4%). Variables
associated with this event were older age (odds ratio [OR], 1.02; 95%
confidence interval [CI], 1.02–1.03), higher heart rate (OR, 1.008; 95%
CI, 1.004–1.012), lower systolic blood pressure (OR, 0.98; 95% CI,

0.98–0.99), lower oxygen saturation as measured by pulse oximetry/
FIO2

before induction (OR, 0.998; 95% CI, 0.997–0.999), and the use
of propofol as an induction agent (OR, 1.28; 95% CI, 1.05–1.57).
Patients with peri-intubation cardiovascular instability/collapse were
at a higher risk of ICU mortality with an adjusted OR of 2.47 (95%
CI, 1.72–3.55), P, 0.001. The inverse probability of treatment
weighting method identified the use of propofol as the only factor
independently associated with cardiovascular instability/collapse (OR,
1.23; 95% CI, 1.02–1.49). When administered before induction,
vasopressors (OR, 1.33; 95% CI, 0.84–2.11) or fluid boluses (OR, 1.17;
95% CI, 0.96–1.44) did not reduce the incidence of cardiovascular
instability/collapse.

Conclusions: Peri-intubation cardiovascular instability/collapse
was associated with an increased risk of both ICU and 28-day
mortality. The use of propofol for induction was identified as a
modifiable intervention significantly associated with
cardiovascular instability/collapse.

Clinical trial registered with clinicaltrials.gov
(NCT03616054).

Keywords: intubation; cardiovascular collapse; airway
management
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Effect of Rocuronium vs Succinylcholine on Endotracheal Intubation
Success Rate Among Patients Undergoing Out-of-Hospital
Rapid Sequence Intubation
A Randomized Clinical Trial
Bertrand Guihard, MD; Charlotte Chollet-Xémard, MD; Philippe Lakhnati, MD; Benoit Vivien, MD, PhD;
Claire Broche, MD; Dominique Savary, MD; Agnes Ricard-Hibon, MD; Pierre-Jean Marianne dit Cassou, MD;
Frédéric Adnet, MD, PhD; Eric Wiel, MD, PhD; Juliette Deutsch, MD; Cindy Tissier, MD; Thomas Loeb, MD;
Vincent Bounes, MD, PhD; Emmanuel Rousseau, MD; Patricia Jabre, MD, PhD; Laetitia Huiart, MD, PhD;
Cyril Ferdynus, PhD; Xavier Combes, MD, PhD

IMPORTANCE Rocuronium and succinylcholine are often used for rapid sequence intubation,
although the comparative efficacy of these paralytic agents for achieving successful
intubation in an emergency setting has not been evaluated in clinical trials. Succinylcholine
use has been associated with several adverse events not reported with rocuronium.

OBJECTIVE To assess the noninferiority of rocuronium vs succinylcholine for tracheal
intubation in out-of-hospital emergency situations.

DESIGN, SETTING AND PARTICIPANTS Multicenter, single-blind, noninferiority randomized
clinical trial comparing rocuronium (1.2 mg/kg) with succinylcholine (1 mg/kg) for rapid
sequence intubation in 1248 adult patients needing out-of-hospital tracheal intubation.
Enrollment occurred from January 2014 to August 2016 in 17 French out-of-hospital
emergency medical units. The date of final follow-up was August 31, 2016.

INTERVENTIONS Patients were randomly assigned to undergo tracheal intubation facilitated
by rocuronium (n = 624) or succinylcholine (n = 624).

MAIN OUTCOMES AND MEASURES The primary outcome was the intubation success rate on
first attempt. A noninferiority margin of 7% was chosen. A per-protocol analysis was
prespecified as the primary analysis.

RESULTS Among 1248 patients who were randomized (mean age, 56 years; 501 [40.1%]
women), 1230 (98.6%) completed the trial and 1226 (98.2%) were included in the
per-protocol analysis. The number of patients with successful first-attempt intubation was
455 of 610 (74.6%) in the rocuronium group vs 489 of 616 (79.4%) in the succinylcholine
group, with a between-group difference of −4.8% (1-sided 97.5% CI, −9% to !), which did not
meet criteria for noninferiority. The most common intubation-related adverse events were
hypoxemia (55 of 610 patients [9.0%]) and hypotension (39 of 610 patients [6.4%]) in the
rocuronium group and hypoxemia (61 of 616 [9.9%]) and hypotension (62 of 616 patients
[10.1%]) in the succinylcholine group.

CONCLUSIONS AND RELEVANCE Among patients undergoing endotracheal intubation in an
out-of-hospital emergency setting, rocuronium, compared with succinylcholine, failed to
demonstrate noninferiority with regard to first-attempt intubation success rate.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02000674

JAMA. 2019;322(23):2303-2312. doi:10.1001/jama.2019.18254
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Post Hoc Exploratory Outcomes
Significantly more intubation attempts were required in
the rocuronium group than in the succinylcholine group
(Table 2). Six patients in the rocuronium group and 3 in the
succinylcholine group died during out-of-hospital care. No
deaths were attributed to difficult intubation. In the succinyl-
choline group, 100 of 606 (16.5%) patients were treated with
norepinephrine during the immediate postintubation period,
compared with 60 of 604 (9.9%) in the rocuronium group
(difference, −6.6% [95% CI, −10.8% to −1.9%]; P < .001;
Table 3). Fifteen patients could not be intubated under direct
laryngoscopy in the out-of-hospital care period. Among
them, 6 were intubated blindly through a laryngeal intuba-
tion mask. Six more were effectively ventilated by ILMA and
were intubated at the hospital. One patient had a cricothy-
rotomy and 2 patients were ventilated with a face mask until
arrival at the hospital (Table 2). Eleven of these 15 patients
were assigned to receive rocuronium. Two patients received
sugammadex to antagonize rocuronium. Airway control was
obtained for 1 of these 2 patients by application of the recom-
mended algorithm; an intubating laryngeal mask was put in
place and enabled effective mechanical ventilation until
arrival at the hospital. For the second patient, sugammadex
was injected after only 1 intubation attempt failure under
direct laryngoscopy, without attempting any alternative tech-
nique. That is, this physician did not follow the recom-
mended algorithm for difficult intubation for this patient.
The patient awoke 45 minutes later, and the final diagnosis
was status epilepticus.

Discussion
This randomized clinical trial failed to demonstrate noninfe-
riority for the success rate of rocuronium compared with suc-
cinylcholine for first-attempt intubation in adult patients re-
ceiving emergency intubation at a noninferiority margin of 7%.

To our knowledge, this study is the first randomized clini-
cal trial comparing rocuronium and succinylcholine in emer-
gency settings, even though reports indicate that emergency
physicians are adopting rocuronium as a standard practice, with
some departments using this drug more often than
succinylcholine.26,27 Most of the published trials comparing
these neuromuscular-blocking agents have examined operat-

ing room settings.28,29 To our knowledge only 1 randomized trial
has examined the intensive care setting, and none have exam-
ined emergency departments or out-of-hospital settings.30

Accordingly, the systematic reviews of this comparison essen-
tially analyze operating room studies only.12,29,31

For many years, succinylcholine has been the principal
paralytic agent recommended for facilitating tracheal intuba-
tion in patients needing out-of-hospital tracheal intubation.
One of the main characteristics of succinylcholine is its very
quick onset, which enables optimal intubation conditions to
be obtained in less than a minute after intravenous adminis-
tration. Rocuronium, a nondepolarizing paralytic agent, has
pharmacokinetic characteristics that provide optimal intuba-
tion conditions in almost the same time as succinylcholine, as
long as the dose administered is at least 1 mg/kg. For this rea-
son, it has been proposed as an alternative paralytic agent when
RSI is indicated.32

The primary end point chosen for this trial was the first-
attempt intubation success rate. This criterion is often used in
clinical studies assessing tracheal intubation in the emergency
setting context because several studies of emergency intuba-
tions report that the complication rate related to airway con-
trol increases with the number of intubation attempts.33-36 It ap-
pears to be a more relevant and direct criterion than intubation
condition, measured by scores that take into account many ele-
ments that may be difficult to accurately assess in the emer-
gency context, which was assessed here only as a secondary out-
come and did not differ significantly between the groups.
Nonetheless, none of the published meta-analyses that com-
pared succinylcholine with rocuronium used this primary end
point. Instead, all used intubation conditions considered to be
good or excellent as their primary outcome.

Design of a noninferiority study seemed necessary be-
cause succinylcholine has a tolerance profile that appears to
be lower than that of rocuronium. The choice of a margin of
noninferiority is a major element when performing a nonin-
feriority study. For this study, determination of this value was
not straightforward because very little data have been pub-
lished on this topic. No randomized trials have been con-
ducted in an emergency setting to compare succinylcholine and
rocuronium. All randomized trials were conducted in a hos-
pital setting, primarily in the operating room, and the pri-
mary end point of these trials was the intubation conditions
assessment and not the first-attempt intubation success rate.

Figure 2. Difference in Successful First-Attempt Intubation Rate Between Patients Given Rocuronium vs Succinylcholine While Undergoing
Out-of-Hospital Rapid Sequence Intubation

–15 0 10–5 5
Between-Group Difference in First-Attempt

Intubation Rate (1-Sided 97.5% CI), %

–10

Favors
Rocuronium

Favors
Succinylcholine

No. of Patients/Total No. (%)
Rocuronium
Group

Succinylcholine
Group

Absolute Difference
(1-Sided 97.5% CI), %

456/613 (74.4) 489/617 (79.2)Randomized group analysis –4.8 (–9.1 to ∞) 

455/610 (74.6) 489/616 (79.4)Per-protocol analysis –4.8 (–9.0 to ∞) 

The dashed line represents the noninferiority margin of 7%. Because the CI lines go above the prespecified noninferiority margin of 7%, the null hypothesis that
succinylcholine is superior cannot be rejected.
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Table 2. Intubation Characteristics and Outcomes of Patients in a Study of the Effect of Rocuronium
vs Succinylcholine on Out-of-Hospital Endotracheal Intubation Success

No./Total No. (%) Absolute Difference
(95% CI), %a P ValuebRocuronium Group Succinylcholine Group

Primary Outcome
(Successful First-Attempt
Intubation)
Per-protocol analysis 455/610 (74.6) 489/616 (79.4) −4.8 (1-sided 97.5% CI,

−9.0 to !)c

Randomized group analysis 456/613 (74.4) 489/617 (79.2) −4.8 (1-sided 97.5% CI,
−9.1 to !)c

Secondary Outcomes

Prespecified analyses

Cormack-Lehane graded

I (best view) 375/609 (61.6) 346/616 (56.2) 5.4 (−0.3 to 10.9) .06

II 125/609 (20.5) 173/616 (28.1) −7.6 (−11.5 to −3.7) <.001

III 81/609 (13.3) 72/616 (11.7) 1.6 (−2.9 to 6.2) .49

IV (worst view) 28/609 (4.6) 25/616 (4.0) 0.6 (−1.5 to 2.6) .60

Intubation Difficulty
Scale score, mean (SD)e

4.2 (2.9) 4.1 (2.4) 0.1 (−0.2 to 0.4) .52

Intubation Difficulty
Scale score >5

138/605 (22.8) 130/614 (21.2) 1.6 (−3.5 to 6.8) .53

Copenhagen score
(reflecting intubation
conditions)f

Excellent 327/580 (56.4) 313/584 (53.6) 2.8 (−0.5 to 6.4) .09

Good 206/580 (35.5) 222/584 (38.0) −2.5 (−6.1 to 0.5) .10

Poor 47/580 (8.1) 49/584 (8.4) −0.3 (−3.0 to 2.6) .87

Need for alternative
intubation techniques

Stylet 55/610 (9.0) 51/616 (8.3) 0.7 (−1.9 to 2.0) .97

Gum elastic bougie 114/610 (18.7) 107/616 (17.4) 1.3 (−1.2 to 3.8) .31

Intubating laryngeal
mask airway

10/610 (1.6) 2/616 (0.3) 1.3 (0.5 to 2.4) .003

Cricothyrotomy 0/610 (0.0) 1/616 (0.2) −0.2 (−0.5 to 0.2)

Early intubation-related
complications

.04

Patients with at least
1 complication

111/610 (18.2) 143/616 (23.2) −5 (−9.8 to −0.03)

Hypoxemia episodesg 55/610 (9.0) 61/616 (9.9) −0.9 (−4.4 to 2.6)

Severe arrhythmiah 12/610 (2.0) 26/616 (4.2) −2.2 (−3.8 to −0.7)

Cardiac arrest 22/609 (3.6) 13/615 (2.1) 1.5 (−0.1 to 3.3)

Pulmonary aspirationi 19/610 (3.1) 21/616 (3.4) −0.3 (−1.7 to 1.1)

Hypotension episodesj 39/610 (6.4) 62/615 (10.1) −3.7 (−6.8 to −0.3)

Exploratory analysesk

No. of intubation
attempts, mean (SD)

1.4 (0.8) 1.3 (0.6) 0.1 (0.05 − 0.2) <.001

2 110/609 (18.1) 96/615 (15.6) 2.5 (−2.2 to 6.9) .31

3 34/609 (5.6) 27/615 (4.4) 1.2 (−0.8 to 3.2) .23

≥4 10/609 (1.6) 3/615 (0.5) 1.1 (0.2 to 2.0) .01

Intubation failure
under direct
laryngoscopy

11/610 (1.8) 4/616 (0.7) 1.1 (0.3 − 2.3) .01

Time of prehospital care,
median (IQR), min

55 (38 to 78) 55 (39 to 80) −2.2 (−6.9 to 2.5) .35

Death during
prehospital care

6/608 (1.0) 3/615 (0.5) 0.5 (−0.4 to 1.3) .26

Complications

No. of complications
per patient,
median (IQR)

0 0 −0.09 (−0.17 to −0.08) .03

≥1 severe complication 115/608 (18.9) 150/615 (24.4) −5.5 (−10.8 to −0.05) .04

Unintentional extubation 1/609 (0.2) 4/615 (0.6) 0.4 (−1.0 to 0.03) .06

Abbreviation: IQR, interquartile
range.
a The estimated difference between

the groups was calculated with a
2-sided 95% CI using a generalized
estimated equation model, in which
center was specified as the
clustering factor.

b Not corrected for multiple
comparisons.

c The estimated difference between
the groups was calculated with a
1-sided 97.5% CI using a generalized
estimated equation model, in which
center was specified as the
clustering factor. The margin for
noninferiority was set at −7%. A
lower bound of the CI that did not
exceed this margin indicated
noninferiority.

d Reflects glottis visualization. Range,
1-4; higher scores indicate less
glottis visualization.

e Range, 0 (intubation without
difficulty) to infinity; a value greater
than 5 indicates difficult intubation.

f The Copenhagen score is composed
of 5 items with responses coded as
“excellent,” “good,” or “poor”:
laryngoscopy (easy, fair, difficult),
vocal cords position (abducted,
intermediate, closed), vocal cords
movement (none, moving, closing),
movements of the tube during
insertion (none, slight, vigorous),
and coughing during tracheal tube
insertion (none, diaphragm,
sustained); intubation conditions
are defined as excellent if all items
are excellent, good if all items are
excellent or good, and poor if a
single item is poor.

g Defined as any oxygen saturation
reading of less than 90%.

h Ventricular tachycardia and
ventricular fibrillation.

i Visually detected by the physician
during laryngoscopy.

j Defined as a new episode of
arterial systolic pressure of less
than 90 mm Hg.

k Post hoc outcomes.
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Effect of Rocuronium vs Succinylcholine on Endotracheal Intubation
Success Rate Among Patients Undergoing Out-of-Hospital
Rapid Sequence Intubation
A Randomized Clinical Trial
Bertrand Guihard, MD; Charlotte Chollet-Xémard, MD; Philippe Lakhnati, MD; Benoit Vivien, MD, PhD;
Claire Broche, MD; Dominique Savary, MD; Agnes Ricard-Hibon, MD; Pierre-Jean Marianne dit Cassou, MD;
Frédéric Adnet, MD, PhD; Eric Wiel, MD, PhD; Juliette Deutsch, MD; Cindy Tissier, MD; Thomas Loeb, MD;
Vincent Bounes, MD, PhD; Emmanuel Rousseau, MD; Patricia Jabre, MD, PhD; Laetitia Huiart, MD, PhD;
Cyril Ferdynus, PhD; Xavier Combes, MD, PhD

IMPORTANCE Rocuronium and succinylcholine are often used for rapid sequence intubation,
although the comparative efficacy of these paralytic agents for achieving successful
intubation in an emergency setting has not been evaluated in clinical trials. Succinylcholine
use has been associated with several adverse events not reported with rocuronium.

OBJECTIVE To assess the noninferiority of rocuronium vs succinylcholine for tracheal
intubation in out-of-hospital emergency situations.

DESIGN, SETTING AND PARTICIPANTS Multicenter, single-blind, noninferiority randomized
clinical trial comparing rocuronium (1.2 mg/kg) with succinylcholine (1 mg/kg) for rapid
sequence intubation in 1248 adult patients needing out-of-hospital tracheal intubation.
Enrollment occurred from January 2014 to August 2016 in 17 French out-of-hospital
emergency medical units. The date of final follow-up was August 31, 2016.

INTERVENTIONS Patients were randomly assigned to undergo tracheal intubation facilitated
by rocuronium (n = 624) or succinylcholine (n = 624).

MAIN OUTCOMES AND MEASURES The primary outcome was the intubation success rate on
first attempt. A noninferiority margin of 7% was chosen. A per-protocol analysis was
prespecified as the primary analysis.

RESULTS Among 1248 patients who were randomized (mean age, 56 years; 501 [40.1%]
women), 1230 (98.6%) completed the trial and 1226 (98.2%) were included in the
per-protocol analysis. The number of patients with successful first-attempt intubation was
455 of 610 (74.6%) in the rocuronium group vs 489 of 616 (79.4%) in the succinylcholine
group, with a between-group difference of −4.8% (1-sided 97.5% CI, −9% to !), which did not
meet criteria for noninferiority. The most common intubation-related adverse events were
hypoxemia (55 of 610 patients [9.0%]) and hypotension (39 of 610 patients [6.4%]) in the
rocuronium group and hypoxemia (61 of 616 [9.9%]) and hypotension (62 of 616 patients
[10.1%]) in the succinylcholine group.

CONCLUSIONS AND RELEVANCE Among patients undergoing endotracheal intubation in an
out-of-hospital emergency setting, rocuronium, compared with succinylcholine, failed to
demonstrate noninferiority with regard to first-attempt intubation success rate.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02000674

JAMA. 2019;322(23):2303-2312. doi:10.1001/jama.2019.18254
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be undertaken with ventilation using a facemask or a 
supraglottic airway, if esophageal placement cannot be 
excluded.

Hemodynamic optimization and choice of drugs
Hemodynamic failure is one of the most severe compli-
cations associated with endotracheal intubation in the 
critically ill patients [77]. Peri-intubation cardiovascular 
collapse is associated with an increased risk of both ICU 
and 28-day mortality [78]. To prevent severe collapse, 
fluid loading and early introduction of vasopressors 
together may decrease the occurrence of hemodynamic 
intubation-related complications [39, 79]. However, 
the level of evidence remains low. In a pragmatic, mul-
ticenter, unblinded, randomized trial [80], 337 critically 
ill adults patients undergoing tracheal intubation, were 
randomly assigned to receive either an intravenous bolus 
of crystalloid solution only or no fluid bolus. Adminis-
tration of an intravenous fluid bolus alone without sys-
tematic administration of vasopressors did not decrease 
the incidence of cardiovascular collapse during tracheal 
intubation as compared to no fluid bolus. It is worth not-
ing that the amount of fluid given was very low, which 
can partially explain the results, and that it was not com-
bined with systematic vasoactive support. Recently, a 
randomized controlled trial enrolling 1067 critically ill 
patients undergoing tracheal intubation [81] reported 

that administration of an intravenous fluid bolus alone 
without associated to a systematic administration of nor-
epinephrine compared with no fluid bolus did not signifi-
cantly decrease the incidence of cardiovascular collapse. 
!e FLUVA trial (NCT05318066) is currently underway 
to assess the effect of fluid loading and introduction of 
vasopressors before the tracheal intubation to reduce 
severe cardiovascular collapse.

!e drugs used for intubation [82] are especially 
important when dealing with hemodynamic complica-
tions. After a period of maximal activation of the sympa-
thomimetic system all anesthetic drugs will rapidly lead 
to hemodynamic instability after induction. Vasopressors 
should be largely used in a preventive way. !e respec-
tive advantages and benefits of drugs used for intubation 
are presented in Fig. 2. Russoto et al. [6] recently warned 
us about the risks of hemodynamic complications using 
propofol in a post hoc analysis [78] of the INTUBE 
study. Importantly, these hemodynamic complications 
were associated with an increased risk of death. Surpris-
ingly, rapid sequence induction, combining the use of a 
neuromuscular blocker and a rapid-onset hypnotic, was 
used in only 75% of cases [78]. Among patients under-
going endotracheal intubation in an out-of-hospital 
emergency setting, rocuronium, compared with succinyl-
choline, failed to demonstrate noninferiority with regard 
to first-attempt intubation success rate [42]. However, the 

Fig. 2 Drugs used for the intubation procedure: pros and cons
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NARRATIVE REVIEW

How to improve intubation in the intensive 
care unit. Update on knowledge and devices
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Abstract 
Tracheal intubation in the critically ill is associated with serious complications, mainly cardiovascular collapse and 
severe hypoxemia. In this narrative review, we present an update of interventions aiming to decrease these complica-
tions. MACOCHA is a simple score that helps to identify patients at risk of difficult intubation in the intensive care unit 
(ICU). Preoxygenation combining the use of inspiratory support and positive end-expiratory pressure should remain 
the standard method for preoxygenation of hypoxemic patients. Apneic oxygenation using high-flow nasal oxygen 
may be supplemented, to prevent further hypoxemia during tracheal intubation. Face mask ventilation after rapid 
sequence induction may also be used to prevent hypoxemia, in selected patients without high-risk of aspiration. 
Hemodynamic optimization and management are essential before, during and after the intubation procedure. All 
these elements can be integrated in a bundle. An airway management algorithm should be adopted in each ICU and 
adapted to the needs, situation and expertise of each operator. Videolaryngoscopes should be used by experienced 
operators.

Keywords: Airway, Intubation, Complications, Videolaryngoscope, Videolaryngoscopy

Introduction
Tracheal intubation is one of the most frequent pro-
cedures performed in the intensive care unit (ICU) 
[1–3]. Tracheal intubation in critically ill patients 
may be associated with life-threatening complications 
in up to half of cases [4, 5]. Cardiovascular instability 
and hypoxemia are the most common complications 
occurring during intubation of critically ill patients [4, 
6]. !ey are associated with increased 28-day mortality 
[6] and they may result in cardiac arrest [7, 8], cerebral 
anoxia, and death [9, 10].

In this narrative review, we summarize the current 
insights into the measures to be taken to optimize airway 
management using endotracheal tubes in ICU patients: 
preoxygenation, apneic oxygenation, appropriate devices, 
use of an airway management algorithm, hemodynamic 
optimization, choice of drugs and timing of intubation.

!e authors present a narrative review [11], based on 
the literature, but also on the experience and subjectivity 
of the authors.

Preoxygenation and apneic oxygenation
Preoxygenation aims to increase the duration of the 
apnea without desaturation, by an increase of the func-
tional residual capacity and the oxygen reserves, thereby 
reducing the occurrence of hypoxemia.

Preoxygenation is more effective in the 25° head-up 
position than in the supine position in patients with 
severe obesity [12]. Similarly, in patients without obe-
sity, optimal preoxygenation and intubation conditions 
can be created using a 20° to 30° semi-sitting position, or 
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Abstract 
Tracheal intubation in the critically ill is associated with serious complications, mainly cardiovascular collapse and 
severe hypoxemia. In this narrative review, we present an update of interventions aiming to decrease these complica-
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Tracheal Intubation Practices and Success Rates
Of the study patients, 1847 (62.4%) received preoxygenation
by a bag-valve mask, the most frequently used method. Non-
invasive ventilation was used for 344 patients (11.6%) and high-

flow nasal cannula for 160 patients (5.4%; Table 3; eTable 2 in
the Supplement).

Of the study patients, 1727 (62.2%) underwent rapid se-
quence induction (ie, no ventilation between induction and

Table 3. Techniques, Medications, and Confirmations of Intubations

Variable No. (%) (n = 2964)
Application of an airway management protocol

Standard protocol

In place and used 1510 (51.0)

In place and not useda 443 (15.0)

No standard protocol in place 1009 (34.0)

Preoxygenation method (n = 2960)

Bag-valve mask 1847 (62.4)

Standard facemask 389 (13.2)

Noninvasive ventilation 344 (11.6)

High-flow nasal cannula 160 (5.4)

Anesthesia breathing circuitb 56 (1.9)

Continuous positive airway pressure 51 (1.7)

Venturi system 47 (1.6)

Nasal cannula 47 (1.6)

Otherc 19 (0.6)

Apneic oxygenation, No./total (%)d 308/2959 (10.4)

Rapid sequence induction, No./total (%)e 1727/2777 (62.2)

Cricoid pressure, No./total (%) 1120/2956 (37.9)

Induction agent, No./total (%)f 2774/2964 (93.6)

Propofol 1230 (41.5)

Midazolam 1079 (36.4)

Etomidate 527 (17.8)

Ketamine 421 (14.2)

Muscle relaxant use, No./total (%) 2095/2776 (75.5)

Rocuronium 1239 (41.8)

Succinylcholine 646 (21.8)

Vecuronium 95 (3.2)

Cisatracurium 85 (2.9)

Opioid use for intubation, No./total (%) 1415/2776 (51.0)

Method of laryngoscopy (n = 2963)

Direct laryngoscopy with Macintosh or Miller blade 2416 (81.5)

Video laryngoscopy 505 (17.1)

Other methodg 42 (1.4)

Use of intubation adjuncts (n = 1055)

Stylet 816 (77.4)

Bougie 230 (21.8)

Otherh 9 (0.8)

First method used to confirm intubation (n = 2956)

Auscultation 1711 (57.9)

Waveform capnographyi 758 (25.6)

Colorimetric carbon dioxide detectionj 222 (7.5)

Capnometryk 138 (4.7)

None 7 (0.2)

Otherl 120 (4.1)

Success, No./total (%)

First pass 2360/2958 (79.8)

Second pass 460/2958 (15.6)

Emergency front-of-neck accessm 4 (0.13)

a Standard protocol was not used in
intensive care unit (57.3%),
emergency department (26.6%),
ward (11.5%), and other places
(4.51%), including recovery,
cardiology, radiology, and
endoscopy interventional rooms.

b Anesthesia breathing circuits
(eg, Mapleson C) are used outside
the operating room in some centers
instead of self-inflating bags
(bag-valve mask). While they
require a source of oxygen to work,
they provide a lower resistance
alternative in spontaneously
breathing patients.

c Included invasive mechanical
ventilation (for patients with
self-extubation) and
preoxygenation via bag-valve and
an extraglottic airway device.

d Oxygen administration during
laryngoscopy or fiberoscopy.

e Rapid onset induction without
positive pressure ventilation
between induction and
laryngoscopy.

f Proportion of patients receiving
each subcategory of induction
agent. Some patients received more
than 1 induction drug while others
received an opioid as induction
agent or underwent awake
fiberoptic intubation under local
anesthesia.

g Included direct laryngoscopy with
McCoy blade and fiberoptic
intubation. Nasotracheal
intubations were performed in
0.8% of patients.

h Included tube exchange catheter,
lighted stylet, and Magill forceps.

i Monitor provided the graphic
measurement of exhaled carbon
dioxide plotted against time.

j Device uses a photochemical
reaction to detect the presence of
carbon dioxide in the exhaled air.

k Provides only the absolute value of
carbon dioxide concentration in the
exhaled air.

l Included chest x-ray and
fiberoscopy.

mOne cricothyroidotomy, 1
percutaneous tracheostomy, and 2
surgical tracheostomies.
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Laura Antolini, PhD; Philippe Bauer, MD, PhD; Jean Baptiste Lascarrou, MD, PhD;
Konstanty Szułdrzyński, MD, PhD; Luigi Camporota, MD; Paolo Pelosi, MD; Massimiliano Sorbello, MD;
Andy Higgs, MD; Robert Greif, MD; Christian Putensen, MD; Christina Agvald-Öhman, MD, PhD;
Athanasios Chalkias, MD, PhD; Kristaps Bokums, MD; David Brewster, MD; Emanuela Rossi, MS;
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IMPORTANCE Tracheal intubation is one of the most commonly performed and high-risk
interventions in critically ill patients. Limited information is available on adverse
peri-intubation events.

OBJECTIVE To evaluate the incidence and nature of adverse peri-intubation events and to
assess current practice of intubation in critically ill patients.

DESIGN, SETTING, AND PARTICIPANTS The International Observational Study to Understand
the Impact and Best Practices of Airway Management in Critically Ill Patients (INTUBE) study
was an international, multicenter, prospective cohort study involving consecutive critically ill
patients undergoing tracheal intubation in the intensive care units (ICUs), emergency
departments, and wards, from October 1, 2018, to July 31, 2019 (August 28, 2019, was the
final follow-up) in a convenience sample of 197 sites from 29 countries across 5 continents.

EXPOSURES Tracheal intubation.

MAIN OUTCOMES AND MEASURES The primary outcome was the incidence of major adverse
peri-intubation events defined as at least 1 of the following events occurring within 30
minutes from the start of the intubation procedure: cardiovascular instability (either: systolic
pressure <65 mm Hg at least once, <90 mm Hg for >30 minutes, new or increase need of
vasopressors or fluid bolus >15 mL/kg), severe hypoxemia (peripheral oxygen saturation
<80%) or cardiac arrest. The secondary outcomes included intensive care unit mortality.

RESULTS Of 3659 patients screened, 2964 (median age, 63 years; interquartile range [IQR],
49-74 years; 62.6% men) from 197 sites across 5 continents were included. The main reason
for intubation was respiratory failure in 52.3% of patients, followed by neurological
impairment in 30.5%, and cardiovascular instability in 9.4%. Primary outcome data were
available for all patients. Among the study patients, 45.2% experienced at least 1 major
adverse peri-intubation event. The predominant event was cardiovascular instability,
observed in 42.6% of all patients undergoing emergency intubation, followed by severe
hypoxemia (9.3%) and cardiac arrest (3.1%). Overall ICU mortality was 32.8%.

CONCLUSIONS AND RELEVANCE In this observational study of intubation practices in critically
ill patients from a convenience sample of 197 sites across 29 countries, major adverse
peri-intubation events—in particular cardiovascular instability—were observed frequently.
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Video vs. Direct Laryngoscopy for Tr acheal Intubation

to −4) (Table 3). Additional procedural outcomes 
are shown in Table S16.

Safety Outcomes
The incidences of esophageal intubation, injury to 
the teeth, and aspiration were similar in the two 
groups (Table 3). Cricothyrotomy was not per-
formed in any patients in the video-laryngoscope 
group and was performed in 1 patient in the 
direct-laryngoscope group (Table S17).

Discussion

Among critically ill adults in this multicenter, ran-
domized trial, the use of a video laryngoscope for 
tracheal intubation resulted in a higher incidence 
of successful intubation on the first attempt than 

the use of a direct laryngoscope. This finding 
may have important clinical implications because 
failure to intubate on the first attempt is associ-
ated with life-threatening complications,3-5 and in 
current clinical care worldwide, most critically ill 
adults undergo intubation with a direct laryngo-
scope rather than a video laryngoscope.5,28,29

The effect of video laryngoscopy as compared 
with direct laryngoscopy has been evaluated pre-
viously in small and moderate-sized trials involv-
ing patients in emergency departments16,17,30-34 and 
in ICUs.11,15,19,35-39 Among these trials, the only 
multicenter trial — in which 371 patients under-
going tracheal intubation in an ICU were en-
rolled — showed no significant difference be-
tween the two approaches in the incidence of 
successful intubation on the first attempt.19

Figure 2. Subgroup Analyses of the Primary Outcome.

Shown are the absolute risk differences and 95% confidence intervals for the primary outcome (successful intubation on the first at-
tempt) in the video-laryngoscope group as compared with the direct-laryngoscope group in each prespecified subgroup. Absolute risk 
differences were calculated with the use of a generalized linear mixed-effects model with a random effect for trial site and fixed effects 
for trial group, the proposed effect modifier, and the interaction between the trial group and the proposed effect modifier. Absolute risk 
differences of greater than 0 indicate a higher likelihood of successful intubation on the first attempt with use of a video laryngoscope. 
The body-mass index is the weight in kilograms divided by the square of the height in meters.
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BACKGROUND
Whether video laryngoscopy as compared with direct laryngoscopy increases the 
likelihood of successful tracheal intubation on the first attempt among critically 
ill adults is uncertain.

METHODS
In a multicenter, randomized trial conducted at 17 emergency departments and 
intensive care units (ICUs), we randomly assigned critically ill adults undergoing 
tracheal intubation to the video-laryngoscope group or the direct-laryngoscope 
group. The primary outcome was successful intubation on the first attempt. The 
secondary outcome was the occurrence of severe complications during intubation; 
severe complications were defined as severe hypoxemia, severe hypotension, new 
or increased vasopressor use, cardiac arrest, or death.

RESULTS
The trial was stopped for efficacy at the time of the single preplanned interim 
analysis. Among 1417 patients who were included in the final analysis (91.5% of 
whom underwent intubation that was performed by an emergency medicine resi-
dent or a critical care fellow), successful intubation on the first attempt occurred 
in 600 of the 705 patients (85.1%) in the video-laryngoscope group and in 504 of 
the 712 patients (70.8%) in the direct-laryngoscope group (absolute risk difference, 
14.3 percentage points; 95% confidence interval [CI], 9.9 to 18.7; P<0.001). A total 
of 151 patients (21.4%) in the video-laryngoscope group and 149 patients (20.9%) 
in the direct-laryngoscope group had a severe complication during intubation (abso-
lute risk difference, 0.5 percentage points; 95% CI, −3.9 to 4.9). Safety outcomes, 
including esophageal intubation, injury to the teeth, and aspiration, were similar 
in the two groups.
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(Funded by the U.S. Department of Defense; DEVICE ClinicalTrials.gov number, 
NCT05239195.)
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Abstract 
Purpose: To investigate the impact of Macintosh blade size used during direct laryngoscopy (DL) on first-attempt 
intubation success of orotracheal intubation in French intensive care units (ICUs). We hypothesized that success rate 
would be higher with Macintosh blade size No3 than with No4.

Methods: Multicenter retrospective observational study based on data from prospective trials conducted in 48 
French ICUs of university, and general and private hospitals. After each intubation using Macintosh DL, patients’ and 
operators’ characteristics, Macintosh blade size, results of first DL and alternative techniques used, as well as the need 
of a second operator were collected. Complications rates associated with intubation were investigated. Primary out-
come was success rate of first DL using Macintosh blade.

Results: A total of 2139 intubations were collected, 629 with a Macintosh blade No3 and 1510 with a No4. Incidence 
of first-pass intubation after first DL was significantly higher with Macintosh blade No3 (79.5 vs 73.3%, p = 0.0025), 
despite equivalent Cormack–Lehane scores (p = 0.48). Complications rates were equivalent between groups. Multi-
variate analysis concluded to a significant impact of Macintosh blade size on first DL success in favor of blade No3 (OR 
1.44 [95% CI 1.14–1.84]; p = 0.0025) without any significant center effect on the primary outcome (p = 0.18). Propen-
sity scores and adjustment analyses concluded to equivalent results.

Conclusion: In the present study, Macintosh blade No3 was associated with improved first-passed DL in French ICUs. 
However, study design requires the conduct of a nationwide prospective multicenter randomized trial in different set-
tings to confirm these results.

Keywords: Intensive care unit, Intubation, Laryngoscopy, Macintosh blade, Complications

Introduction
Control of upper airways and ventilation of intensive care 
unit (ICU) patients is a daily issue worldwide. Orotra-
cheal intubation might be associated with complications 
[1]. Endotracheal tube is mainly introduced after direct 
laryngoscopy (DL). In case of anticipated difficult intu-
bation, or ineffective DL, recommendations urge to use 
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Results
Intubation procedures
A total of 2139 intubation procedures have been evalu-
ated in 48 ICUs from September 2011 to September 2021 
from the datasets (Fig. 1). Finally, 629 (29.4%) intubation 

procedures were conducted with Macintosh blade No3 
and 1510 (70.6%) with blade No4.

Patient, provider, and practice characteristics
Baseline characteristics of patients are presented in 
Table  1 and Table  S2 (Electronic supplementary mate-
rial). Patients intubated with Macintosh blade No4 
were preferentially men (1032 (68.9%) vs 343 (55.1%), 
p < 0.0001), taller (170 [164–176] vs 169 [161–175] cm, 
p < 0.0001), without any difference of body mass index 
(BMI) (25.5 [22.3–29.4] vs 25.6 [22.0–29.6] kg   m−2, 
p = 0.90). Patients were mainly intubated for urgent con-
ditions (84.8 vs 85.7%, p = 0.64) with different indications 
(p < 0.0001, Table 1).

Drugs, characteristics of the tracheal intubation and 
operators, and material used for tracheal intubation are 
presented in Table S2 through Table S6 in the Electronic 
supplementary material.

Primary outcome
First-attempt success rates were statistically different 
between blade No3 and No4 (79.5 vs 73.3%, relative risk, 
1.41, 95% CI 1.23–1.77; p = 0.0025, respectively, Table 2 

2139 Intubation procedures
• 902 from [1]
• 967 from [5]

• 270 from NCT05059067

629 Intubations
with Macintosh blade No 3

1510 Intubations
with Macintosh blade No 4

First-attempt success
n = 500/629

(79.5%)

First-attempt success
n = 1107/1510

(73.3%)

Fig. 1 Flowchart of included patients

Table 1 Baseline characteristics of patients

Data are presented as median (95% CI) or number (percentage). A p < 0.05 is considered statistically signi!cant

BMI body mass index, CI con!dence interval, IPTW inverse probability of treatment weighting
a [1] “Urgent surgery” denotes patients that have been intubated for a surgery or a procedure; “Others” includes patients that required intubation after unexpected 
extubation, severe agitation, unresolved pain, reduction of joint dislocation, and cardiac arrest; “Coma” was de!ned as a Glasgow score < 8. Standardized 
di"erences |∂|> 0.2 are considered to be an imbalance

Before IPTW After IPTW

Overall 
(n = 2139)

Macintosh 
blade No 3 
(n = 629)

Macintosh 
blade No 4 
(n = 1510)

p Macintosh 
blade No 3

Macintosh 
blade No 4

Standardized 
di"erence |∂|

p

Age, years 64 [53–73] 64 [53–73] 64 [52–73] 0.53 63 [55–73] 63 [55–73]  < 0.001 0.99

Male gender, n (%) 1375/2120 
(64.9)

343/623  
(55.1)

1032/1497 
(68.9)

 < 0.0001 (64.2) (64.1) 0.002 0.97

Size, cm 170 [163–176] 169 [161–175] 170 [164–176]  < 0.0001 170 [163–176] 170 [163–176] 0.007 0.92

BMI, kg  m−2 25.5 [22.2–29.4] 25.6 [22–29.6] 25.5 [22.3–29.4] 0.90 26.7 [22.9–29.4] 26.7 [22.5–29.4] 0.005 0.24

Reasons for intubation, n (%)
Urgent surgery 320 (15) 90 (14.3) 230 (15.2)  < 0.0001 (20.7) (19.6) 0.029 0.99

Coma 454 (21.2) 108 (17.2) 346 (22.9) (21.5) (22.2) 0.018

Acute respiratory failure 1161 (54.3) 342 (54.2) 819 (54.4) (49.6) (49.9) 0.006

Shock 158 (7.4) 67 (10.7) 91 (6) (7.3) (7.4) 0.002

Others 46 (2.2) 22 (3.5) 24 (1.6) (0.9) (1) 0.008

Di"cult intubation criterion
Mallampati score, n (%) < 0.0001 0.042 0.53

 1, 2a, 2b 1148/1552 (74) 337/500 (67.4) 811/1052 (77.1) (73.7) (71.8)

 3, 4 404/1552 (26) 163/500 (32.6) 241/1052 (22.9) (26.3) (28.2)

MACOCHAa score ≥ 3, n (%) 589/2133 (27.6) 214/625 (34.2) 375/1508 (24.9)  < 0.0001 (34.8) (34.5) 0.008 0.91
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and Fig.  2). "e number needed to treat (NNT) with 
Macintosh blade size No3 to prevent one first-attempt 
intubation failure was 14.6 (95% CI 9.0–42.5).

Secondary exploratory outcomes
Glottic views as assessed by Cormack–Lehane score were 
equivalent between groups (p = 0.48, Table 2). Complica-
tions rates were equivalent between both groups (36.4 
vs 39.7%, p = 0.17, Fig.  3 and Table  S7, Electronic sup-
plementary material). Further information on intubation 
difficulties and rescue technics is presented in Table  S6 
(Electronic supplementary material). "ere was no dif-
ference during on call and daytime first-attempt success 
rates (76.2 vs 73.9%, p = 0.47, respectively).

By multivariate analysis, Macintosh blade No3 (OR 
1.44 [1.14–1.84]; p = 0.0025), metal blade (OR 1.53 
[1.16–1.99]; p = 0.0022), and the use of external laryn-
geal pressure during laryngoscopy (OR 2.72 [2.18–3.19]; 
p < 0.0001) were the three independent risk factors for 
first-attempt intubation success.

Adjustment analyses
IPTW analysis concluded to similar results on the benefi-
cial impact of Macintosh blade No3 on first-attempt intu-
bation success in univariate (84.1 vs 72.1%, p <  10–4) and 
multivariate (OR 2.07 [1.32–3.26], p <  10–4)  analyses. 
For primary outcome, ICC was equal to 0.03 for center 

Table 2 Success of "rst-attempt direct laryngoscopy and glottic view according to Macintosh blade sizes in ICU

Data are presented as mean ± standard deviation or number (percentage). A p < 0.05 is considered statistically signi!cant. Standardized di"erences |∂|> 0.2 are 
considered to be an imbalance

DL direct laryngoscopy

Before IPTW After IPTW

Overall 
(n = 2139)

Macintosh 
blade No 3 
(n = 629)

Macintosh 
blade No 4 
(n = 1510)

p Macintosh 
blade No 3

Macintosh 
blade No 4

Standardized 
di!erence |∂|

p

Success of first-attempt DL 1607 (75.1) 500 (79.5) 1107 (73.3) 0.0025 (84.1) (72.1)  < 0.0001

Cormack–Lehane score 0.48 0.19

1 1556/2118 (72.7) 466/624 (74.7) 1090/1494 (73) (69.5) (62) 0.16

2 443/2118 (20.7) 130/624 (20.8) 313/1494 (20.9) (21.9) (27) 0.12

3 90/2118 (4.2) 20/624 (3.2) 70/1494 (4.7) (6.4) (8.4) 0.076

4 29/2118 (1.4) 8/624 (1.3) 21/1494 (1.4) (2.2) (2.7) 0.029

Fig. 2 Results of first-attempt direct laryngoscopy and intubation success rates, and glottic view according to Cormack–Lehane score

1180

and Fig.  2). "e number needed to treat (NNT) with 
Macintosh blade size No3 to prevent one first-attempt 
intubation failure was 14.6 (95% CI 9.0–42.5).

Secondary exploratory outcomes
Glottic views as assessed by Cormack–Lehane score were 
equivalent between groups (p = 0.48, Table 2). Complica-
tions rates were equivalent between both groups (36.4 
vs 39.7%, p = 0.17, Fig.  3 and Table  S7, Electronic sup-
plementary material). Further information on intubation 
difficulties and rescue technics is presented in Table  S6 
(Electronic supplementary material). "ere was no dif-
ference during on call and daytime first-attempt success 
rates (76.2 vs 73.9%, p = 0.47, respectively).

By multivariate analysis, Macintosh blade No3 (OR 
1.44 [1.14–1.84]; p = 0.0025), metal blade (OR 1.53 
[1.16–1.99]; p = 0.0022), and the use of external laryn-
geal pressure during laryngoscopy (OR 2.72 [2.18–3.19]; 
p < 0.0001) were the three independent risk factors for 
first-attempt intubation success.

Adjustment analyses
IPTW analysis concluded to similar results on the benefi-
cial impact of Macintosh blade No3 on first-attempt intu-
bation success in univariate (84.1 vs 72.1%, p <  10–4) and 
multivariate (OR 2.07 [1.32–3.26], p <  10–4)  analyses. 
For primary outcome, ICC was equal to 0.03 for center 

Table 2 Success of "rst-attempt direct laryngoscopy and glottic view according to Macintosh blade sizes in ICU

Data are presented as mean ± standard deviation or number (percentage). A p < 0.05 is considered statistically signi!cant. Standardized di"erences |∂|> 0.2 are 
considered to be an imbalance

DL direct laryngoscopy

Before IPTW After IPTW

Overall 
(n = 2139)

Macintosh 
blade No 3 
(n = 629)

Macintosh 
blade No 4 
(n = 1510)

p Macintosh 
blade No 3

Macintosh 
blade No 4

Standardized 
di!erence |∂|

p

Success of first-attempt DL 1607 (75.1) 500 (79.5) 1107 (73.3) 0.0025 (84.1) (72.1)  < 0.0001

Cormack–Lehane score 0.48 0.19

1 1556/2118 (72.7) 466/624 (74.7) 1090/1494 (73) (69.5) (62) 0.16

2 443/2118 (20.7) 130/624 (20.8) 313/1494 (20.9) (21.9) (27) 0.12

3 90/2118 (4.2) 20/624 (3.2) 70/1494 (4.7) (6.4) (8.4) 0.076

4 29/2118 (1.4) 8/624 (1.3) 21/1494 (1.4) (2.2) (2.7) 0.029

Fig. 2 Results of first-attempt direct laryngoscopy and intubation success rates, and glottic view according to Cormack–Lehane score

Matériel



Critical Care Explorations www.ccejournal.org     1

DOI: 10.1097/CCE.0000000000000855

Copyright © 2023 The Authors. 
Published by Wolters Kluwer Health, 
Inc. on behalf of the Society of 
Critical Care Medicine. This is an 
open-access article distributed under 
the terms of the Creative Commons 
Attribution-Non Commercial-No 
Derivatives License 4.0 (CCBY-
NC-ND), where it is permissible to 
download and share the work pro-
vided it is properly cited. The work 
cannot be changed in any way or 
used commercially without permis-
sion from the journal.

Kevin R. Landefeld, MD1

Seiji Koike, MAS2

Ran Ran, MD1

Matthew W. Semler, MD, MSc3

Christopher Barnes, MD4

Susan B. Stempek, PA-C, MMSc5

David R. Janz, MD, MSc6

Todd W. Rice, MD, MSc3

Derek W. Russell, MD7,8

Wesley H. Self, MD, MPH9

Derek Vonderhaar, MD10

Jason R. West, MD11

Jonathan D. Casey, MD, MSc3

Akram Khan, MD1

for the Pragmatic Critical Care 
Research Group

OBSERVATIONAL STUDY

Effect of Laryngoscope Blade Size on First 
Pass Success of Tracheal Intubation in 
Critically Ill Adults
OBJECTIVES: Tracheal intubation (TI) is a common procedure in critical care, 
often performed with a Macintosh curved blade used for direct laryngoscopy (DL). 
Minimal evidence informs the choice between Macintosh blade sizes during TI. 
We hypothesized that Macintosh 4 blade would have higher first-attempt success 
than Macintosh 3 blade during DL.

DESIGN: Retrospective analysis using a propensity score and inverse probability 
weighting of data from six prior multicenter randomized trials. 

SETTING AND PARTICIPANTS: Adult patients who underwent nonelective TI 
at participating emergency departments and ICUs. We compared the first-pass 
success of TI with DL in subjects intubated with a size 4 Macintosh blade on the 
first TI attempt to subjects with a size 3 Macintosh blade on the first TI attempt.

MAIN RESULTS: Among 979 subjects, 592 (60.5%) had TI using DL with a 
Macintosh blade, of whom 362 (37%) were intubated with a size 4 blade and 
222 (22.7%) with a size 3 blade. We used inverse probability weighting with 
a propensity score for analyzing data. We found that patients intubated with a 
size 4 blade had a worse (higher) Cormack-Lehane grade of glottic view than 
patients intubated with a size 3 blade (adjusted odds ratio [aOR], 1.458; 95% CI, 
1.064–2.003; p = 0.02). Patients intubated with a size 4 blade had a lower first 
pass success than those with a size 3 blade (71.1% vs 81.2%; aOR, 0.566; 95% 
CI, 0.372–0.850; p = 0.01).

CONCLUSIONS AND RELEVANCE: In critically ill adults undergoing TI using 
DL with a Macintosh blade, patients intubated using a size 4 blade on first attempt 
had a worse glottic view and a lower first pass success than patients intubated 
with a size 3 Macintosh blade. Further prospective studies are needed to examine 
the optimal approach to selecting laryngoscope blade size during TI of critically 
ill adults.

KEY WORDS: airway management; critical care; laryngoscope size; laryngoscopy; 
mechanical ventilation; tracheal intubation

Tracheal intubation (TI) is a lifesaving procedure performed routinely 
in emergency departments (EDs) and ICUs. TI is associated with a sig-
ni!cant risk of complications such as hypoxemia and cardiovascular 

collapse (1–3). Intubation using a direct laryngoscope (DL) with a Macintosh 
curved blade remains one of the most common techniques for intubation (3, 
4). When it was introduced in 1943, only the current size 3 Macintosh blade 
existed. Since then, multiple blade sizes have become available, ranging from 
0 to 4 (5). "e operator typically chooses the blade size based on individual 
preferences, experience, perceived patient characteristics, and availability. "e 
size of the DL blade has o#en been le# to clinician discretion in clinical trials. 
Historically, a size 3 blade was considered the standard size for intubation. More 
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Pass Success of Tracheal Intubation in 
Critically Ill Adults
OBJECTIVES: Tracheal intubation (TI) is a common procedure in critical care, 
often performed with a Macintosh curved blade used for direct laryngoscopy (DL). 
Minimal evidence informs the choice between Macintosh blade sizes during TI. 
We hypothesized that Macintosh 4 blade would have higher first-attempt success 
than Macintosh 3 blade during DL.

DESIGN: Retrospective analysis using a propensity score and inverse probability 
weighting of data from six prior multicenter randomized trials. 

SETTING AND PARTICIPANTS: Adult patients who underwent nonelective TI 
at participating emergency departments and ICUs. We compared the first-pass 
success of TI with DL in subjects intubated with a size 4 Macintosh blade on the 
first TI attempt to subjects with a size 3 Macintosh blade on the first TI attempt.

MAIN RESULTS: Among 979 subjects, 592 (60.5%) had TI using DL with a 
Macintosh blade, of whom 362 (37%) were intubated with a size 4 blade and 
222 (22.7%) with a size 3 blade. We used inverse probability weighting with 
a propensity score for analyzing data. We found that patients intubated with a 
size 4 blade had a worse (higher) Cormack-Lehane grade of glottic view than 
patients intubated with a size 3 blade (adjusted odds ratio [aOR], 1.458; 95% CI, 
1.064–2.003; p = 0.02). Patients intubated with a size 4 blade had a lower first 
pass success than those with a size 3 blade (71.1% vs 81.2%; aOR, 0.566; 95% 
CI, 0.372–0.850; p = 0.01).

CONCLUSIONS AND RELEVANCE: In critically ill adults undergoing TI using 
DL with a Macintosh blade, patients intubated using a size 4 blade on first attempt 
had a worse glottic view and a lower first pass success than patients intubated 
with a size 3 Macintosh blade. Further prospective studies are needed to examine 
the optimal approach to selecting laryngoscope blade size during TI of critically 
ill adults.

KEY WORDS: airway management; critical care; laryngoscope size; laryngoscopy; 
mechanical ventilation; tracheal intubation

Tracheal intubation (TI) is a lifesaving procedure performed routinely 
in emergency departments (EDs) and ICUs. TI is associated with a sig-
ni!cant risk of complications such as hypoxemia and cardiovascular 

collapse (1–3). Intubation using a direct laryngoscope (DL) with a Macintosh 
curved blade remains one of the most common techniques for intubation (3, 
4). When it was introduced in 1943, only the current size 3 Macintosh blade 
existed. Since then, multiple blade sizes have become available, ranging from 
0 to 4 (5). "e operator typically chooses the blade size based on individual 
preferences, experience, perceived patient characteristics, and availability. "e 
size of the DL blade has o#en been le# to clinician discretion in clinical trials. 
Historically, a size 3 blade was considered the standard size for intubation. More 
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recently, however, some experts have suggested using a 
size 4 blade in all patients due to the longer length with 
a similar vertical footprint as a size 3. In addition, the 
added length of the size 4 blade has been hypothesized 
to better engage a deep vallecula or, if needed, directly 
li! the epiglottis to facilitate intubation (4). Available 
studies are limited to speci"c patient populations (6), 
simulation environments (7) or small sample sizes 
(8). In a secondary analysis of six previously reported 
clinical trials, we aimed to compare size 4 versus size 
3 blades with regard to clinical outcomes, including 
the grade of glottic view, successful intubation on the 
"rst attempt, and duration of intubation among criti-
cally ill adults undergoing nonelective TI using a DL 
technique (9). We hypothesized that a Macintosh size 
4 would have greater clinical success when compared 
with a Macintosh size 3 during TI using DL.

MATERIALS AND METHODS
Design

We performed a post hoc analysis of prospectively 
collected data from six previously published ran-
domized trials of airway management conducted by 
the Pragmatic Critical Care Research Group in the  
United States (1, 10–14). #e trials enrolled 979 patients 

undergoing nonelective TI in the ED or ICU between 
February 2014 and May 2018. We analyzed deidenti"ed 
data in the trial datasets from patients who were intu-
bated using DL with a Macintosh blade size 4 or 3 on 
the "rst attempt; we excluded patients intubated with 
smaller blade sizes or those for whom data on blade 
size was missing or a video laryngoscope used on "rst 
attempt. Individual trials were approved by the institu-
tional review board (IRB) of each respective site with 
documented waiver of informed consent by respective 
site IRB (1, 10–14). Studies were carried out per the eth-
ical standards of the responsible committee on human 
experimentation and with the Helsinki Declaration 
of 1975. Details are documented in individual manu-
scripts. #is study was deemed a secondary analysis 
of a deidenti"ed data set of prior studies and no IRB 
review was deemed necessary by the IRBs (and thus 
no number was assigned) as it did not fall under the 
board’s guidelines as human subjects research.

Dataset and Patient Population

#e included trials had similar exclusion criteria, data 
collection procedures, variables, and outcome de"ni-
tions. Patients were excluded if they were pregnant, or 
incarcerated, there was an immediate need to intubate 
preventing randomization, or the treating provider 
felt that the trial intervention was either required or 
contraindicated. #e trials examined $uid bolus ad-
ministration, bag-mask ventilation a!er induction, 
apneic oxygenation, use of a checklist for emergent in-
tubation, video laryngoscopy compared with DL, and 
ramped positioning during TI of critically ill adults, 
respectively (1, 10–14). In each trial, a trained, inde-
pendent observer collected data on the outcomes of the 
procedure, including the time between induction and 
intubation, peripheral oxygen saturation at induction, 
the number of intubation attempts, and the lowest ox-
ygen saturation between induction and 2 minutes a!er 
TI. Immediately a!er each intubation, the operator 
reported the laryngoscope use, the initial Cormack-
Lehane grade of glottic view (15), whether the intuba-
tion was successful on the "rst attempt, rescue devices 
used, the presence of di%cult airway characteristics, 
and the occurrence of complications. Research per-
sonnel collected data on baseline characteristics, the 
initial laryngoscope blade size, management before 
and a!er laryngoscopy, and clinical outcomes from the 
electronic health record.

 
KEY POINTS

Question: Does a Macintosh size 4 laryngo-
scope have higher first-attempt success than a 
Macintosh size 3 during tracheal intubation (TI) 
with direct laryngoscopy (DL)?

Findings: In a post hoc analysis of six clinical tri-
als, using inverse probability weighting, patients 
intubated with a size 4 blade had a worse (higher) 
glottic view and a lower first pass success for TI 
with DL than those who had TI with a size 3 blade. 
The duration of intubation was similar between the 
2 blade sizes.

Meaning: Macintosh size 3 blade performed bet-
ter than size 4 during TI with DL. Further research 
is needed to determine the optimal approach to 
selecting laryngoscope blade size during TI of crit-
ically ill adults.
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2 minutes a!er intubation was similar between a size 
4 blade and a size 3 blade (aOR, 1.00; 95% CI, 0.778–
1.27). "e percentage of subjects with of severe hy-
poxemia did not di#er signi$cantly between a size 4 
blade and a size 3 blade (aOR, 0.772; 95% CI, 0.362–
1.643). Duration of intubation also did not signi$-
cantly di#er between patients intubated using a size 
4 blade compared with a size 3 blade 142.0 seconds 
versus 125.0 seconds (adjusted hazard ratio, 0.883; 
95% CI, 0.718–1.086) (Supplemental Table 1 and 
Supplemental Figs. 1 and 2, http://links.lww.com/
CCX/B137). "e use of additional equipment during 
subsequent intubation attempts, such as DL, video 
laryngoscope, or repositioning, was similar between 

the two groups (Supplemental Table 2, http://links.
lww.com/CCX/B137).

DISCUSSION

We used a propensity score analysis of data from six 
randomized trials of nonelective TI in critical care set-
tings to test the hypothesis that Macintosh 4 blades 
would have higher $rst-pass success than Macintosh 3 
blades for DL. We found that contrary to our assump-
tion, a size 3 blade was associated with a better (lower) 
grade of glottic view and higher $rst-pass success with 
fewer intubation attempts. "e total duration of intuba-
tion, lowest oxygen saturation, and presence of severe 

TABLE 2.
Adjusted Outcomes Comparing Macintosh Curved Blades 3 and 4

Adjusted Outcomes Macintosh Size 3 Blade Macintosh Size 4 Blade p Adjusted OR (CI) 

Duration of intubation (s)a 125.0 (90–200.3) 142.0 (88–218.8) 0.249 0.883 (0.718–1.086)

Median lowest O2 saturation (%)a 93.5 (84.1–99.0) 93.5 (81.6–97.8) 0.97 1 (0.778–1.27)

Severe hypoxemiaa 33.1 (15.2%) 42.8 (12.2%) 0.501 0.772 (0.362–1.643)

First-pass successa 177.0 (81.2%) 249.0 (71.1%) 0.007 0.566 (0.372–0.850)

Cormack-Lehane grade view   0.019 1.458 (1.064–2.003)

  I 105.6 (48.4%) 135.7 (38.8%)   

  II 65.4 (30.0%) 116.4 (33.2%)   

  III 35.4 (16.2%) 72.0 (20.6%)   

  IV 11.6 (5.3%) 26.0 (7.4%)   

Additional equipment: 35.9 (16.4%) 57.8 (16.4%) 0.988 1.003 (0.638–1.594)

  Direct laryngoscopy 8.0 (3.6%) 7.9 (2.2%) 0.334 0.611 (0.221–1.691)

  Video laryngoscopy 27.9 (12.8%) 49.8 (14.2%) 0.629 1.131 (0.692–1.880)

Repositiona 4.8 (7.9%) 5.2 (4.6%) 0.323 0.522 (0.140–1.987)

Complications  

  Aspiration 8.7 (4.0%) 10.0 (2.8%) 0.47 0.71 (0.280–1.839)

  Esophageal intubation 5.8 (2.7%) 9.8 (2.8%) 0.917 1.057 (0.382–3.204)

  Airway trauma 0.9 (0.0%) 0.9 (0.0%) 0.739 0.597 (0.015–21.87)

  Cardiac arrest 2.8 (1.3%) 5.4 (1.5%) 0.803 1.203 (0.295–6.195)

Outcomes  

1-hr mortality 5.2 (2.3%) 2.2 (0.6%) 0.091 0.252 (0.039–1.13)

  Ventilator-free days, median 15.0 (0.0–25.0) 17.0 (0.0–25.0) 0.504 0.767 (0.530–1.064)

  ICU length of stay, mediana 6.0 (3.0–9.0) 6.0 (3.0–10.0) 0.307 1.072 (0.936–1.228)

OR = odds ratio.
aImputation method used for missing values.
Outcomes adjusted for age, sex, race, height, body mass index, Acute Physiology and Chronic Health Evaluation II score, indications for 
intubation (compromised airway, hypoxia, hypercapnia), limited neck mobility, preoxygenation method, operator experience with intubation, 
and trial site.
Interquartile range or percentage of total.
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Tracheal Intubation Practices and Success Rates
Of the study patients, 1847 (62.4%) received preoxygenation
by a bag-valve mask, the most frequently used method. Non-
invasive ventilation was used for 344 patients (11.6%) and high-

flow nasal cannula for 160 patients (5.4%; Table 3; eTable 2 in
the Supplement).

Of the study patients, 1727 (62.2%) underwent rapid se-
quence induction (ie, no ventilation between induction and

Table 3. Techniques, Medications, and Confirmations of Intubations

Variable No. (%) (n = 2964)
Application of an airway management protocol

Standard protocol

In place and used 1510 (51.0)

In place and not useda 443 (15.0)

No standard protocol in place 1009 (34.0)

Preoxygenation method (n = 2960)

Bag-valve mask 1847 (62.4)

Standard facemask 389 (13.2)

Noninvasive ventilation 344 (11.6)

High-flow nasal cannula 160 (5.4)

Anesthesia breathing circuitb 56 (1.9)

Continuous positive airway pressure 51 (1.7)

Venturi system 47 (1.6)

Nasal cannula 47 (1.6)

Otherc 19 (0.6)

Apneic oxygenation, No./total (%)d 308/2959 (10.4)

Rapid sequence induction, No./total (%)e 1727/2777 (62.2)

Cricoid pressure, No./total (%) 1120/2956 (37.9)

Induction agent, No./total (%)f 2774/2964 (93.6)

Propofol 1230 (41.5)

Midazolam 1079 (36.4)

Etomidate 527 (17.8)

Ketamine 421 (14.2)

Muscle relaxant use, No./total (%) 2095/2776 (75.5)

Rocuronium 1239 (41.8)

Succinylcholine 646 (21.8)

Vecuronium 95 (3.2)

Cisatracurium 85 (2.9)

Opioid use for intubation, No./total (%) 1415/2776 (51.0)

Method of laryngoscopy (n = 2963)

Direct laryngoscopy with Macintosh or Miller blade 2416 (81.5)

Video laryngoscopy 505 (17.1)

Other methodg 42 (1.4)

Use of intubation adjuncts (n = 1055)

Stylet 816 (77.4)

Bougie 230 (21.8)

Otherh 9 (0.8)

First method used to confirm intubation (n = 2956)

Auscultation 1711 (57.9)

Waveform capnographyi 758 (25.6)

Colorimetric carbon dioxide detectionj 222 (7.5)

Capnometryk 138 (4.7)

None 7 (0.2)

Otherl 120 (4.1)

Success, No./total (%)

First pass 2360/2958 (79.8)

Second pass 460/2958 (15.6)

Emergency front-of-neck accessm 4 (0.13)

a Standard protocol was not used in
intensive care unit (57.3%),
emergency department (26.6%),
ward (11.5%), and other places
(4.51%), including recovery,
cardiology, radiology, and
endoscopy interventional rooms.

b Anesthesia breathing circuits
(eg, Mapleson C) are used outside
the operating room in some centers
instead of self-inflating bags
(bag-valve mask). While they
require a source of oxygen to work,
they provide a lower resistance
alternative in spontaneously
breathing patients.

c Included invasive mechanical
ventilation (for patients with
self-extubation) and
preoxygenation via bag-valve and
an extraglottic airway device.

d Oxygen administration during
laryngoscopy or fiberoscopy.

e Rapid onset induction without
positive pressure ventilation
between induction and
laryngoscopy.

f Proportion of patients receiving
each subcategory of induction
agent. Some patients received more
than 1 induction drug while others
received an opioid as induction
agent or underwent awake
fiberoptic intubation under local
anesthesia.

g Included direct laryngoscopy with
McCoy blade and fiberoptic
intubation. Nasotracheal
intubations were performed in
0.8% of patients.

h Included tube exchange catheter,
lighted stylet, and Magill forceps.

i Monitor provided the graphic
measurement of exhaled carbon
dioxide plotted against time.

j Device uses a photochemical
reaction to detect the presence of
carbon dioxide in the exhaled air.

k Provides only the absolute value of
carbon dioxide concentration in the
exhaled air.

l Included chest x-ray and
fiberoscopy.

mOne cricothyroidotomy, 1
percutaneous tracheostomy, and 2
surgical tracheostomies.
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Intubation Practices and Adverse Peri-intubation Events
in Critically Ill Patients From 29 Countries
Vincenzo Russotto, MD; Sheila Nainan Myatra, MD; John G. Laffey, MD, MA; Elena Tassistro, MS;
Laura Antolini, PhD; Philippe Bauer, MD, PhD; Jean Baptiste Lascarrou, MD, PhD;
Konstanty Szułdrzyński, MD, PhD; Luigi Camporota, MD; Paolo Pelosi, MD; Massimiliano Sorbello, MD;
Andy Higgs, MD; Robert Greif, MD; Christian Putensen, MD; Christina Agvald-Öhman, MD, PhD;
Athanasios Chalkias, MD, PhD; Kristaps Bokums, MD; David Brewster, MD; Emanuela Rossi, MS;
Roberto Fumagalli, MD; Antonio Pesenti, MD; Giuseppe Foti, MD; Giacomo Bellani, MD, PhD;
for the INTUBE Study Investigators

IMPORTANCE Tracheal intubation is one of the most commonly performed and high-risk
interventions in critically ill patients. Limited information is available on adverse
peri-intubation events.

OBJECTIVE To evaluate the incidence and nature of adverse peri-intubation events and to
assess current practice of intubation in critically ill patients.

DESIGN, SETTING, AND PARTICIPANTS The International Observational Study to Understand
the Impact and Best Practices of Airway Management in Critically Ill Patients (INTUBE) study
was an international, multicenter, prospective cohort study involving consecutive critically ill
patients undergoing tracheal intubation in the intensive care units (ICUs), emergency
departments, and wards, from October 1, 2018, to July 31, 2019 (August 28, 2019, was the
final follow-up) in a convenience sample of 197 sites from 29 countries across 5 continents.

EXPOSURES Tracheal intubation.

MAIN OUTCOMES AND MEASURES The primary outcome was the incidence of major adverse
peri-intubation events defined as at least 1 of the following events occurring within 30
minutes from the start of the intubation procedure: cardiovascular instability (either: systolic
pressure <65 mm Hg at least once, <90 mm Hg for >30 minutes, new or increase need of
vasopressors or fluid bolus >15 mL/kg), severe hypoxemia (peripheral oxygen saturation
<80%) or cardiac arrest. The secondary outcomes included intensive care unit mortality.

RESULTS Of 3659 patients screened, 2964 (median age, 63 years; interquartile range [IQR],
49-74 years; 62.6% men) from 197 sites across 5 continents were included. The main reason
for intubation was respiratory failure in 52.3% of patients, followed by neurological
impairment in 30.5%, and cardiovascular instability in 9.4%. Primary outcome data were
available for all patients. Among the study patients, 45.2% experienced at least 1 major
adverse peri-intubation event. The predominant event was cardiovascular instability,
observed in 42.6% of all patients undergoing emergency intubation, followed by severe
hypoxemia (9.3%) and cardiac arrest (3.1%). Overall ICU mortality was 32.8%.

CONCLUSIONS AND RELEVANCE In this observational study of intubation practices in critically
ill patients from a convenience sample of 197 sites across 29 countries, major adverse
peri-intubation events—in particular cardiovascular instability—were observed frequently.
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Abstract 
Purpose: The effect of the routine use of a stylet during tracheal intubation on first-attempt intubation success is 
unclear. We hypothesised that the first-attempt intubation success rate would be higher with tracheal tube + stylet 
than with tracheal tube alone.

Methods: In this multicentre randomised controlled trial, conducted in 32 intensive care units, we randomly 
assigned patients to tracheal tube + stylet or tracheal tube alone (i.e. without stylet). The primary outcome was the 
proportion of patients with first-attempt intubation success. The secondary outcome was the proportion of patients 
with complications related to tracheal intubation. Serious adverse events, i.e., traumatic injuries related to tracheal 
intubation, were evaluated.

Results: A total of 999 patients were included in the modified intention-to-treat analysis: 501 (50%) to tracheal 
tube + stylet and 498 (50%) to tracheal tube alone. First-attempt intubation success occurred in 392 patients (78.2%) 
in the tracheal tube + stylet group and in 356 (71.5%) in the tracheal tube alone group (absolute risk difference, 6.7; 
95%CI 1.4–12.1; relative risk, 1.10; 95%CI 1.02–1.18; P = 0.01). A total of 194 patients (38.7%) in the tracheal tube + sty-
let group had complications related to tracheal intubation, as compared with 200 patients (40.2%) in the tracheal 
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for not completing the trial. Second, the Macintosh 
laryngoscope was the device used for the first attempt 
at laryngoscopy, in line with the ICU airway manage-
ment recommendations [15, 19–21, 30]. Concerns were 
recently raised in the context of COVID-19 pandemic 
regarding the risk of transmission to healthcare workers 
using a Macintosh laryngoscope rather than a videola-
ryngoscope [3, 31–33]. However, to our knowledge, no 
evidence of increased risk of transmission using a Mac-
intosh laryngoscope in comparison with a videolaryngo-
scope was demonstrated. Moreover, contrary to the stylet 
use, there is a risk of increase of complications related to 
intubation when the videolaryngoscope device is used in 
the hands of inexperienced operators [8]. Using a stylet is 
already recommended for use with a videolaryngoscope, 
especially those with a hyperangulated blade, therefore 

making these findings potentially relevant even with vide-
olaryngoscope use, though not tested [3]. !ird, no differ-
ence of first-attempt intubation success was highlighted 
in the subgroups of patients with predicted difficult intu-
bation or with obesity, probably due to the limited size 
of these subgroups (40 patients and 200 patients respec-
tively, Fig. 3), resulting in inadequate power to conclude. 
Similarly, no difference was highlighted according to 
indication for tracheal intubation suggesting that the sty-
let can be used both in patients with and without acute 
respiratory failure. !e group without neuromuscular 
blocker use had a very low sample size to be able to draw 
any conclusion. Fourth, we did not report and compare 
the position of the patients, especially the position of the 
patients’ head and neck, which can significantly affect 
performance of direct laryngoscopy. !e starting time 

Fig. 2 First-attempt intubation success and Complications related to Intubation. The percentages of patients who had the primary outcome, i.e., 
first-attempt intubation success, and the main secondary outcome, i.e., complications related to intubation are shown in each group. The T bars 
represent the upper limit of the 95% confidence intervals for the event rate
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of endotracheal intubation after use of relaxants was not 
described. However, because of the large sample size 
and the randomised design, we can speculate that these 
important potential confounding factors are balanced 
between groups. Fifth, the time taken for tracheal intuba-
tion was measured (Table S6) and there was no statistical 
difference between the two groups. #erefore, the use of 
a stylet was not associated with reduced time for tracheal 
intubation, despite a higher first-attempt intubation suc-
cess rate in the tracheal tube + stylet group.

Conclusions
In this multicentre, randomised trial involving critically 
ill adults undergoing tracheal intubation, the use of a sty-
let for tracheal intubation was safe and resulted in sig-
nificantly higher first-attempt intubation success than the 

use of a tracheal tube alone. #e results of this study have 
the potential to change airway management practice in 
critically ill patients.

Data sharing
Research data and other material (eg, study protocol 
and statistical analysis plan) will be made available to 
the scientific community, immediately on publication, 
with as few restrictions as possible. All requests should 
be submitted to the corresponding author who will 
review with the other investigators for consideration. A 
data use agreement will be required before the release 
of participant data and institutional review board 
approval as appropriate.

ffiDksiRetulosbAenolA ebutlaehcarTtelytS + ebutlaehcarTpuorgbuS erence (95% CI) P Value for 
Interaction

no. of first-attempt intubation success reported
/ no. of patients (%)
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Fig. 3 Subgroup Analyses of the Primary Outcome. Shown is the absolute difference risk in the first-attempt intubation success rate between 
patients receiving tracheal tube + Stylet and those receiving tracheal tube alone in prespecified subgroups. The horizontal bars represent the 95% 
confidence intervals around the absolute difference. The number of patients in each group is shown. SAPS Simplified Acute Physiologic Score; BIPAP 
Bilevel Positive Airway Pressure; MACOCHA Mallampati score III or IV, obstructive sleep Apnea syndrome, reduced mobility of Cervical spine, limited 
mouth Opening, severe Hypoxemia, Coma, non-Anesthesiologist
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Abstract 
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IMPORTANCE For critically ill adults undergoing emergency tracheal intubation, failure to
intubate the trachea on the first attempt occurs in up to 20% of cases and is associated with
severe hypoxemia and cardiac arrest. Whether using a tracheal tube introducer (“bougie”)
increases the likelihood of successful intubation compared with using an endotracheal tube
with stylet remains uncertain.

OBJECTIVE To determine the effect of use of a bougie vs an endotracheal tube with stylet on
successful intubation on the first attempt.

DESIGN, SETTING, AND PARTICIPANTS The Bougie or Stylet in Patients Undergoing Intubation
Emergently (BOUGIE) trial was a multicenter, randomized clinical trial among 1102 critically ill
adults undergoing tracheal intubation in 7 emergency departments and 8 intensive care units
in the US between April 29, 2019, and February 14, 2021; the date of final follow-up was
March 14, 2021.

INTERVENTIONS Patients were randomly assigned to use of a bougie (n = 556) or use
of an endotracheal tube with stylet (n = 546).

MAIN OUTCOMES AND MEASURES The primary outcome was successful intubation on the first
attempt. The secondary outcome was the incidence of severe hypoxemia, defined as
a peripheral oxygen saturation less than 80%.

RESULTS Among 1106 patients randomized, 1102 (99.6%) completed the trial and were
included in the primary analysis (median age, 58 years; 41.0% women). Successful intubation
on the first attempt occurred in 447 patients (80.4%) in the bougie group and 453 patients
(83.0%) in the stylet group (absolute risk difference, −2.6 percentage points [95% CI, −7.3 to
2.2]; P = .27). A total of 58 patients (11.0%) in the bougie group experienced severe
hypoxemia, compared with 46 patients (8.8%) in the stylet group (absolute risk difference,
2.2 percentage points [95% CI, −1.6 to 6.0]). Esophageal intubation occurred in 4 patients
(0.7%) in the bougie group and 5 patients (0.9%) in the stylet group, pneumothorax was
present after intubation in 14 patients (2.5%) in the bougie group and 15 patients (2.7%) in
the stylet group, and injury to oral, glottic, or thoracic structures occurred in 0 patients in the
bougie group and 3 patients (0.5%) in the stylet group.

CONCLUSIONS AND RELEVANCE Among critically ill adults undergoing tracheal intubation,
use of a bougie did not significantly increase the incidence of successful intubation on the
first attempt compared with use of an endotracheal tube with stylet.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT03928925
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compared the use of a bougie with the use of an endotracheal
tube with stylet for tracheal intubation in settings outside of
the operating room.10 In that prior trial, conducted in a single
academic ED, the rate of successful intubation on the first
laryngoscopy attempt was 98% in the bougie group and 87%
in the stylet group. In the current trial, the rate of successful
intubation on the first attempt was lower, with no significant
difference between trial groups. Because the current trial
defined the primary outcome as a single insertion of both the
blade and the bougie or tube, a prespecified sensitivity
analysis of the current trial was performed using the primary
outcome definition from the prior trial (successful intubation
during the first insertion of a laryngoscope, regardless of
the number of bougie or tube insertions), which demon-
strated that approximately 88% of patients in each trial group

experienced the outcome—comparable to the rate of 87%
observed in the stylet group in the prior trial.

The difference in findings between the current trial and
the prior trial might be explained by differences in patients, op-
erators, or intubation context. Use of a bougie has been sug-
gested to have the greatest effect for patients with difficult air-
way characteristics10,21,22 or when the larynx cannot be fully
visualized.10,19,23-26 The current trial, however, did not demon-
strate a benefit to use of a bougie among the 463 patients with
difficult airway characteristics or among the 405 patients in
whom the larynx was incompletely visualized. Similarly, the type
of laryngoscope (direct vs video laryngoscope) did not appear
to modify the effect of bougie use on successful intubation.

An operator’s training and experience performing tracheal
intubation, overall or with a specific device, may influence

Table 3. Outcomes of Tracheal Intubation

Outcome

Group, No. (%) Absolute risk difference
or difference in medians
(95% CI)aBougie (n = 556) Stylet (n = 546)

Primary outcome

Successful intubation on the first attemptb 447 (80.4) 453 (83.0) −2.6 (−7.3 to 2.2)

Secondary outcome

Lowest oxygen saturation <80%, No./total (%) 58/526 (11.0) 46/524 (8.8) 2.2 (−1.6 to 6.0)

Exploratory procedural outcomes

Time from induction to intubation

Median (IQR), s 124 (97-180) [n = 543] 112 (85-157) [n = 530] 12 (4 to 20)

Cormack-Lehane grade of glottic view,
No./total No. (%)c

Grade 1 (best view) 358/554 (64.6) 335/544 (61.6) 3.0 (−2.8 to 8.9)

Grade 2 153/554 (27.6) 163/544 (30.0) −2.3 (−7.9 to 3.2)

Grade 3 30/554 (5.4) 35/544 (6.4) −1.0 (−4.0 to 2.0)

Grade 4 (worst view) 13/554 (2.3) 11/544 (2.0) 0.3 (−1.6 to 2.2)

Exploratory procedural complications

Intubation complications 10 (1.8) 10 (1.8) 0 (−1.6 to 1.6)

Esophageal intubation 4 (0.7) 5 (0.9)d

Injury to oral, glottic, or thoracic structures 0 3 (0.5)d

Witnessed aspiration during intubation 6 (1.1) 3 (0.5)

Cardiovascular collapse within 1 h after intubatione 68 (12.2) 91 (16.7) −4.4 (−8.8 to −0.1)

Cardiac arrest within 1 h after intubation 10 (1.8) 10 (1.8) 0 (−1.7 to 1.6)

New pneumothorax within 48 h after intubation
(post hoc outcome)

14 (2.5) 15 (2.7) −0.2 (−2.3 to 1.8)

Exploratory clinical outcomes

Ventilator-free days, median (IQR)f 24 (0-27) 22 (0-26) 2 (0.5 to 6)

Intensive care unit-free days, median (IQR)f 21 (0-25) 18 (0-25) 3 (0 to 6)

Death before 28 d 152 (27.3) 184 (33.7) −6.4 (−12.0 to −0.8)
a Continuous variables were compared between groups and difference in

medians were presented. The 95% CIs of the difference in medians were
calculated using the nonparametric bootstrap method stratified by group.

b In the primary analysis comparing successful intubation on the first attempt
between groups with the use of a χ2 test, the difference in successful
intubation on the first attempt between groups was not statistically significant
(P = .27). Details of management when intubation did not occur on the first
attempt are reported in eTable 15 in Supplement 2.

c Considered an outcome because some operators might attempt to pass a
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d One patient in the stylet group had both esophageal intubation and injury to
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the likelihood of successful intubation on the first at-
tempt.27,28 In the prior trial, all operators were resident
or attending physicians in a single ED in which the majority
of intubations before the trial were performed using a bougie
rather than an endotracheal tube with a stylet.7 The cur-
rent trial included 322 operators from 15 EDs and ICUs, rang-
ing from resident physicians who had never before per-
formed tracheal intubation to attending physicians with
thousands of prior intubations. The average operator had
performed a median of 60 prior intubations, with a median
of 10 of those performed using a bougie. In effect modifica-
tion analyses, use of a bougie did not appear to be beneficial
among operators who had performed a greater number of
total prior intubations or a greater number of prior intuba-
tions using a bougie. These results suggest that, for operators
who commonly use an endotracheal tube with stylet, intro-
ducing use of a bougie is unlikely to increase the rate of suc-
cessful intubation on the first attempt. Whether results
would have differed among operators who have already
incorporated routine use of a bougie on the first attempt into
their practice is unknown.8-10

The effect of a procedural intervention on outcomes de-
pends on the context in which the procedure is performed.
Tracheal intubation occurs in a context determined by the
physical environment, organizational resources and prac-
tices, team composition and dynamics, operator training
and cognitive performance, and other nontechnical factors.29,30

The effects of bougie use observed may not generalize to con-
texts for tracheal intubation not represented in this trial.

Several exploratory findings of this trial should be
viewed as hypothesis-generating. First, the time from induc-
tion of sedation to intubation was numerically 12 seconds
longer in the bougie group, the clinical significance of which
is uncertain. Second, airway injury and pneumothorax were
uncommonly observed in both groups, contrary to the notion
that use of a bougie increases the risk of iatrogenic airway
injury,31 but the trial was underpowered for definitive assess-
ment of these rare safety outcomes. Third, the risks of peri-
procedural cardiovascular collapse and death by day 28 were
numerically lower in the bougie group. Because use of
a bougie did not influence procedural process measures,
the mechanism by which bougie use would influence these
outcomes is unclear and these differences may be attribut-
able to chance.

Limitations
This study has several limitations. First, the trial excluded pa-
tients for whom the urgency of intubation precluded perfor-
mance of trial procedures, patients intubated using a hyper-
angulated laryngoscope, and patients for whom use of a bougie
was specifically indicated. Thus, the results of the trial may
not apply to patients being intubated under specific urgent cir-
cumstances (eg, cardiac arrest), patients being intubated with
a hyperangulated laryngoscope, or patients known to have

Figure 2. Subgroup Analysis of the Primary Outcome

P value for
interaction 
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0.5 21
Adjusted odds ratio (95% CI)

No. with outcome/total No. (%)

Bougie
Endotracheal tube
with stylet
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Adjusted odds
ratio (95% CI)

290/350 (83) 284/335 (85)ED 1.01 (0.65-1.57)
157/206 (76) 169/211 (80)ICU 0.81 (0.49-1.31)

Primary diagnosis of trauma
363/460 (79) 367/446 (82)No 0.87 (0.61-1.23)
84/96 (88) 86/100 (86)Yes 1.32 (0.54-3.23)

Laryngoscope
91/132 (69) 107/142 (75)Direct 0.86 (0.49-1.51)
356/424 (84) 346/404 (86)Video 0.92 (0.61-1.38)

Grade of glottic view
315/358 (88) 307/335 (92)I 0.77 (0.46-1.31)

283/353 (80) 284/341 (83)None 0.89 (0.59-1.35)

130/196 (66) 145/209 (69)II-IV 0.88 (0.57-1.36)
Difficult airway characteristics

164/203 (81) 169/205 (82)≥1 0.95 (0.56-1.62)

242/288 (84) 256/300 (85)≥60 1.01 (0.63-1.64)

447/556 (80) 453/546 (83)Overall 0.91 (0.66-1.27)

Operator’s prior intubations

204/267 (76) 196/245 (80)<60 0.81 (0.52-1.28)

.50

.39

.85

.71

.85

.50

Shown are the odds ratios and 95% CIs for the primary outcome in the bougie
group compared with the stylet group, after adjustment for prespecified
baseline covariates. The Cormack-Lehane grade of glottic view15 ranges from
grade 1 (all or most of the glottic opening is seen) to grade 4 (neither glottis nor
epiglottis are seen). The prespecified difficult airway characteristics included in

this effect modification analysis were obesity (body mass index >30 [calculated
as weight in kilograms divided by height in meters squared]), cervical
immobilization, and facial trauma. ED indicates emergency department;
ICU, intensive care unit.
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Tracheal Intubation Practices and Success Rates
Of the study patients, 1847 (62.4%) received preoxygenation
by a bag-valve mask, the most frequently used method. Non-
invasive ventilation was used for 344 patients (11.6%) and high-

flow nasal cannula for 160 patients (5.4%; Table 3; eTable 2 in
the Supplement).

Of the study patients, 1727 (62.2%) underwent rapid se-
quence induction (ie, no ventilation between induction and

Table 3. Techniques, Medications, and Confirmations of Intubations

Variable No. (%) (n = 2964)
Application of an airway management protocol

Standard protocol

In place and used 1510 (51.0)

In place and not useda 443 (15.0)

No standard protocol in place 1009 (34.0)

Preoxygenation method (n = 2960)

Bag-valve mask 1847 (62.4)

Standard facemask 389 (13.2)

Noninvasive ventilation 344 (11.6)

High-flow nasal cannula 160 (5.4)

Anesthesia breathing circuitb 56 (1.9)

Continuous positive airway pressure 51 (1.7)

Venturi system 47 (1.6)

Nasal cannula 47 (1.6)

Otherc 19 (0.6)

Apneic oxygenation, No./total (%)d 308/2959 (10.4)

Rapid sequence induction, No./total (%)e 1727/2777 (62.2)

Cricoid pressure, No./total (%) 1120/2956 (37.9)

Induction agent, No./total (%)f 2774/2964 (93.6)

Propofol 1230 (41.5)

Midazolam 1079 (36.4)

Etomidate 527 (17.8)

Ketamine 421 (14.2)

Muscle relaxant use, No./total (%) 2095/2776 (75.5)

Rocuronium 1239 (41.8)

Succinylcholine 646 (21.8)

Vecuronium 95 (3.2)

Cisatracurium 85 (2.9)

Opioid use for intubation, No./total (%) 1415/2776 (51.0)

Method of laryngoscopy (n = 2963)

Direct laryngoscopy with Macintosh or Miller blade 2416 (81.5)

Video laryngoscopy 505 (17.1)

Other methodg 42 (1.4)

Use of intubation adjuncts (n = 1055)

Stylet 816 (77.4)

Bougie 230 (21.8)

Otherh 9 (0.8)

First method used to confirm intubation (n = 2956)

Auscultation 1711 (57.9)

Waveform capnographyi 758 (25.6)

Colorimetric carbon dioxide detectionj 222 (7.5)

Capnometryk 138 (4.7)

None 7 (0.2)

Otherl 120 (4.1)

Success, No./total (%)

First pass 2360/2958 (79.8)

Second pass 460/2958 (15.6)

Emergency front-of-neck accessm 4 (0.13)

a Standard protocol was not used in
intensive care unit (57.3%),
emergency department (26.6%),
ward (11.5%), and other places
(4.51%), including recovery,
cardiology, radiology, and
endoscopy interventional rooms.

b Anesthesia breathing circuits
(eg, Mapleson C) are used outside
the operating room in some centers
instead of self-inflating bags
(bag-valve mask). While they
require a source of oxygen to work,
they provide a lower resistance
alternative in spontaneously
breathing patients.

c Included invasive mechanical
ventilation (for patients with
self-extubation) and
preoxygenation via bag-valve and
an extraglottic airway device.

d Oxygen administration during
laryngoscopy or fiberoscopy.

e Rapid onset induction without
positive pressure ventilation
between induction and
laryngoscopy.

f Proportion of patients receiving
each subcategory of induction
agent. Some patients received more
than 1 induction drug while others
received an opioid as induction
agent or underwent awake
fiberoptic intubation under local
anesthesia.

g Included direct laryngoscopy with
McCoy blade and fiberoptic
intubation. Nasotracheal
intubations were performed in
0.8% of patients.

h Included tube exchange catheter,
lighted stylet, and Magill forceps.

i Monitor provided the graphic
measurement of exhaled carbon
dioxide plotted against time.

j Device uses a photochemical
reaction to detect the presence of
carbon dioxide in the exhaled air.

k Provides only the absolute value of
carbon dioxide concentration in the
exhaled air.

l Included chest x-ray and
fiberoscopy.

mOne cricothyroidotomy, 1
percutaneous tracheostomy, and 2
surgical tracheostomies.
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Intubation Practices and Adverse Peri-intubation Events
in Critically Ill Patients From 29 Countries
Vincenzo Russotto, MD; Sheila Nainan Myatra, MD; John G. Laffey, MD, MA; Elena Tassistro, MS;
Laura Antolini, PhD; Philippe Bauer, MD, PhD; Jean Baptiste Lascarrou, MD, PhD;
Konstanty Szułdrzyński, MD, PhD; Luigi Camporota, MD; Paolo Pelosi, MD; Massimiliano Sorbello, MD;
Andy Higgs, MD; Robert Greif, MD; Christian Putensen, MD; Christina Agvald-Öhman, MD, PhD;
Athanasios Chalkias, MD, PhD; Kristaps Bokums, MD; David Brewster, MD; Emanuela Rossi, MS;
Roberto Fumagalli, MD; Antonio Pesenti, MD; Giuseppe Foti, MD; Giacomo Bellani, MD, PhD;
for the INTUBE Study Investigators

IMPORTANCE Tracheal intubation is one of the most commonly performed and high-risk
interventions in critically ill patients. Limited information is available on adverse
peri-intubation events.

OBJECTIVE To evaluate the incidence and nature of adverse peri-intubation events and to
assess current practice of intubation in critically ill patients.

DESIGN, SETTING, AND PARTICIPANTS The International Observational Study to Understand
the Impact and Best Practices of Airway Management in Critically Ill Patients (INTUBE) study
was an international, multicenter, prospective cohort study involving consecutive critically ill
patients undergoing tracheal intubation in the intensive care units (ICUs), emergency
departments, and wards, from October 1, 2018, to July 31, 2019 (August 28, 2019, was the
final follow-up) in a convenience sample of 197 sites from 29 countries across 5 continents.

EXPOSURES Tracheal intubation.

MAIN OUTCOMES AND MEASURES The primary outcome was the incidence of major adverse
peri-intubation events defined as at least 1 of the following events occurring within 30
minutes from the start of the intubation procedure: cardiovascular instability (either: systolic
pressure <65 mm Hg at least once, <90 mm Hg for >30 minutes, new or increase need of
vasopressors or fluid bolus >15 mL/kg), severe hypoxemia (peripheral oxygen saturation
<80%) or cardiac arrest. The secondary outcomes included intensive care unit mortality.

RESULTS Of 3659 patients screened, 2964 (median age, 63 years; interquartile range [IQR],
49-74 years; 62.6% men) from 197 sites across 5 continents were included. The main reason
for intubation was respiratory failure in 52.3% of patients, followed by neurological
impairment in 30.5%, and cardiovascular instability in 9.4%. Primary outcome data were
available for all patients. Among the study patients, 45.2% experienced at least 1 major
adverse peri-intubation event. The predominant event was cardiovascular instability,
observed in 42.6% of all patients undergoing emergency intubation, followed by severe
hypoxemia (9.3%) and cardiac arrest (3.1%). Overall ICU mortality was 32.8%.

CONCLUSIONS AND RELEVANCE In this observational study of intubation practices in critically
ill patients from a convenience sample of 197 sites across 29 countries, major adverse
peri-intubation events—in particular cardiovascular instability—were observed frequently.
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differences between the two drugs were clinically not sig-
nificant, suggesting that both drugs can be used safely.

Intubation bundle to limit complications 
related to intubation procedure (update of the 
Montpellier-ICU intubation algorithm)
Jaber et  al. [39] developed an intubation protocol 
designed to provide a practical tool that help with plan-
ning and optimizing the procedure of intubation. #e 
updated version of the Montpellier intubation proto-
col [39], presented in Fig. 3, comprises of a list of items 
required, things to be done, or points to be consid-
ered during each of the phases of tracheal intubation: 
pre-intubation, per-intubation and post-intubation 

[83]. Application of this bundle has demonstrated 
improved safety during tracheal intubation [39]. In 
this study, Jaber et  al. [39] demonstrated that the use 
of the Montpellier intubation protocol in the inter-
vention phase was associated with significant diminu-
tion in life-threatening complications (21% vs. 34%, 
p = 0.03) and other complications (9 vs. 21%, p = 0.01) 
compared to the control phase. An external validation 
of the Montpellier intubation protocol, using a modi-
fied version of the protocol, was then performed and 
published in 2018 by Corl et  al. [84]. #ey found that 
a modified Montpellier protocol was associated with 
a significant 16.2% [95% CI 5.1–30.0%] increase in 
first-attempt intubation success and a 12.6% [95% CI 

Fig. 3 Update of the Montpellier intubation protocol. Briefly, pre-intubation period interventions consist in fluid loading associated with early 
introduction of vasopressors, preoxygenation with NIV in the case of acute respiratory failure, preparation of sedation by the nursing team and the 
presence of two operators. NIV is applied during the 3-min preoxygenation phase with an ICU ventilator and a standard face mask. The PSV level is 
set between 5 and 10  cmH2O, adjusted to obtain an expired tidal volume of 6 to 8 ml/kg of ideal body weight. The  FiO2 is set at 100% and the PEEP 
level of 5  cmH2O. During the intubation period, recommended induction is rapid sequence induction using short acting, well-tolerated hypnotics 
(etomidate or ketamine), and a rapid-onset muscle relaxant (succinylcholine or rocuronium), with application of cricoid pressure (Sellick maneu-
ver). The Sellick maneuver is performed to prevent gastric contents from leaking into the pharynx, by external obstruction of the esophagus, and 
associated inhalation of substances into the lungs, as well as vomiting into an unprotected airway. Just after the intubation (post-intubation period), 
we recommend verification of the tube’s position by capnography (a technique which allows to confirm the endotracheal position of the tube 
and to verify the absence of esophageal placement), initiation of long-term sedation as soon as possible (to avoid agitation) and use of “protective” 
mechanical ventilation settings, as defined by the ARDS network
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NARRATIVE REVIEW

How to improve intubation in the intensive 
care unit. Update on knowledge and devices
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Abstract 
Tracheal intubation in the critically ill is associated with serious complications, mainly cardiovascular collapse and 
severe hypoxemia. In this narrative review, we present an update of interventions aiming to decrease these complica-
tions. MACOCHA is a simple score that helps to identify patients at risk of difficult intubation in the intensive care unit 
(ICU). Preoxygenation combining the use of inspiratory support and positive end-expiratory pressure should remain 
the standard method for preoxygenation of hypoxemic patients. Apneic oxygenation using high-flow nasal oxygen 
may be supplemented, to prevent further hypoxemia during tracheal intubation. Face mask ventilation after rapid 
sequence induction may also be used to prevent hypoxemia, in selected patients without high-risk of aspiration. 
Hemodynamic optimization and management are essential before, during and after the intubation procedure. All 
these elements can be integrated in a bundle. An airway management algorithm should be adopted in each ICU and 
adapted to the needs, situation and expertise of each operator. Videolaryngoscopes should be used by experienced 
operators.

Keywords: Airway, Intubation, Complications, Videolaryngoscope, Videolaryngoscopy

Introduction
Tracheal intubation is one of the most frequent pro-
cedures performed in the intensive care unit (ICU) 
[1–3]. Tracheal intubation in critically ill patients 
may be associated with life-threatening complications 
in up to half of cases [4, 5]. Cardiovascular instability 
and hypoxemia are the most common complications 
occurring during intubation of critically ill patients [4, 
6]. !ey are associated with increased 28-day mortality 
[6] and they may result in cardiac arrest [7, 8], cerebral 
anoxia, and death [9, 10].
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Abstract 
Tracheal intubation in the critically ill is associated with serious complications, mainly cardiovascular collapse and 
severe hypoxemia. In this narrative review, we present an update of interventions aiming to decrease these complica-
tions. MACOCHA is a simple score that helps to identify patients at risk of difficult intubation in the intensive care unit 
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may be supplemented, to prevent further hypoxemia during tracheal intubation. Face mask ventilation after rapid 
sequence induction may also be used to prevent hypoxemia, in selected patients without high-risk of aspiration. 
Hemodynamic optimization and management are essential before, during and after the intubation procedure. All 
these elements can be integrated in a bundle. An airway management algorithm should be adopted in each ICU and 
adapted to the needs, situation and expertise of each operator. Videolaryngoscopes should be used by experienced 
operators.
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Réalisée en 2016 par le CAMR, mis à jour en 2022 par le CAMR et le comité Réanimation  

Algorithme : Arrêt cardiaque et rythme NON choquable

RCP Rythme spontané 
efficace

2 min 2 min 2 min 2 min 2 min

1° 2° 3° 4° 5°

Ventilation/
Oxygénation

IO/IV
Médicaments

Intubation

Adrénaline
1 mg IV

Adrénaline
1 mg IV

Adrénaline
1 mg IV

Vérification rythme et efficacité de la  RCP 

Evaluer toutes les 2 min si rythme choquable cf. infra)

Algorithme: ACR et rythme choquable

RCP
Rythme spontané 
efficace

2 min 2 min 2 min2 min 2 min 2 min 2 min

Ventilation/
Oxygénation

IO/IV
Médicaments

Intubation

1° 2° 3° 4° 5° 6° 7°

Adrénaline
1 mg IV

Adrénaline
1 mg IV

Adrénaline
1 mg IV

Amiodarone 
300 mg IV

(ou Lidocaïne 
100 mg)

CEE 
200 J

CEE 
200 J

CEE 
200 J

CEE 
200 J

CEE 
200 J

CEE 
200 J

CEE 
200 J

CEE 
200 J

Amiodarone 
150 mg IV

(ou Lidocaïne 
50 mg)

Relais 
Amiodarone 

900 mg/j IVSE

Référence : ERC Guidelines 2021 http://www.cprgu/idelines.eu

MISE	EN	ŒUVRE	MOYENS	NIVEAU	1	

q Surélévation	de	la	tête	(coussin	sous	l�occiput)

qMobilisation	glottique	externe	:	maneuvre	BURP	(Backward,	Upward,	Rightward,	Pressure)

q Lame	métallique	(droite	ou	courbe)	(si	non	utilisée	initialement)

qMandrin	long	béquillé

q Glottiscope	(+/-	mandrin	long	béquillé	)	ou	vidéolaryngoscope

INTUBATION DIFFICILE IMPREVUE EN REANIMATION 

DEFINITION							Echec	après	2	laryngoscopies	et/ou	technique	alternative

APPEL RENFORT MEDICAL ET PARAMEDICAL 
q Tel ……………… 

q CHARIOT INTUBATION DIFFICILE
q CHARIOT D’URGENCE

INITIER	
q Branchement	CAPNOGRAPHE	si	non	fait	antérieurement

q VENTILATION	BAVU		FiO2	=1

q Oxygénation	pharyngée	(administration	continue	d’O2)

q Evaluer	relâchement	musculaire	(curarisation)	et	sédation

MISE	EN	ŒUVRE	MOYENS	NIVEAU	2	

q Dispositif	supra-glottique		permettant	l’oxygénation	,	la	ventilation	et

l’intubation	(masque	laryngé)

q Fibroscope

EVALUER	SpO2	ET	RELÂCHEMENT	MUSCULAIRE	
	Ventilation	BAVU	si	nécessaire	?	

SUCCES:		

CONFIRMATION	

q Capnogramme

q Auscultation

q Courbe	de

débit	expiratoire

TRACABILITÉ	

CERTIFICAT	
Intubation	
difficile	

MISE	EN	ŒUVRE	MOYENS	NIVEAU	3	

q Cricothyroïdotomie

q	Appel	ORL	ou	chirurgien	:	tel	…………………………..	

q Trachéotomie	chirurgicale

Référentiels:	Conférence	d�Expert	SFAR	2006,	ASA	Task	Force	Anesthesiology	2013;	118:251-70,	RFE	SFAR	SRLF	2016		

EVALUER	SpO2	ET	RELÂCHEMENT	MUSCULAIRE	
Ventilation	BAVU	si	nécessaire	?		

Réalisée	en	2016	par	le	CAMR				Validation	CAMR		&	Comité	Réanimation	2018	

ARRET CARDIAQUE EN SERVICE DE RÉANIMATION

□ Vérification / Pose voie veineuse ou intra osseuse

DEBUTER LA PROCEDURE
□ Appeler renfort médical - Tél: …………………………
□ Noter l’heure                                           ………h……..
□ Désigner un leader
□ Personne dédiée au chronomètre / rapport écrit

VERIFIER
□ Confirmer arrêt cardiaque (Scope, SpO2, EtCO2, pression)

□ Absence de LATA 
□ Chariot d’urgence sur place / Plan dur
□ Arrêt médicaments hypotenseurs 

□ VENTILATION sur Sonde ou Masque Facial / BAVU
□ Mettre en FiO2 = 1
□ FR basse 10/min
□ Patient intubé : vérifier Intubation, sinon : Intuber

ASYSTOLIE

□ Adrénaline 1 mg 
IVD / 3 à 5 min

Evaluation / 2 min de 
l’efficacité de la RCP :
□ EtCO2 > 10 mmHg
□ PAD > 20 mmHg
□ reprise activité 
cardiaque efficace

□ CEE Biphasique 200J
Monophasique 360J

□ suivi de 2 min de RCP

Répéter 3 fois si nécessaire

Après 3ème CEE
□ Adrénaline 1 mg IVD
□ Amiodarone
1ère dose 300 mg
2ème dose 150 mg après 5 CEE 
(CI si intox Anesth. Locaux)
relais 900 mg/j IVSE après 7 CEE 

ET

□ Monitorage (Scope, Pression invasive, EtCO2)

SI REPRISE RYTHME : Discuter
□ Hypothermie thérapeutique (32 – 35oC) 12 à 24h
□ Nécessité d’une coronarographie
□ Sédation post arrêt cardiaque

□ Echographie Diagnostique (ETT; Pleurale; Abdo…)

□ Cf. ALGORITHMES AU VERSO

ARRET CARDIAQUE REFRACTAIRE : Réanimation Prolongée
□ Echec RCP: après plus de 15 minutes sans retour à un rythme cardiaque spontané efficace

(si la structure hospitalière le permet) 
□ Contact centre de référence : Tel: ……………..
évaluer rapidement indication / faisabilité d’assistance circulatoire extracorporelle.
□ En faveur: patient jeune, peu de comorbidités, no-flow < 5 min, low-flow < 30 min, 
CO2 expiré > 10 mmHg au cours de la RCP, causes réversibles d’arrêt cardiaque

RECHERCHE ETIOLOGIQUE ET TRAITEMENT ADAPTE

□ Respiratoire : 
□ Hypoxiques : Extubation, Pneumothorax, Obstruction de sonde …
□ Bronchospasme

□ Cardiovasculaire : 
□Hypovolémie et/ou hémorragique
□ Embolie cruorique, gazeuse (Déconnexion de VVC)
□ Anaphylaxie
□ Pneumothorax compressif / Déconnexion drain pleural
□ Coronaropathie

□ Métabolique (dyskaliémie, dysphosphatémie, dysmagnésémie) 

□ Neurologique : AVC, HTIC

□ MCE 100-120 / minutes
□ Dépression sternale > 5-6 cm de profondeur
□ Relaxation complète
□ Rotation toutes les 2 min

APPEL A L’AIDE

□ GDS si biochimie délocalisée (dosage Hb et K+)

FV ou TV

Aides cognitives



La mise en pression positive nécessite que l'état hémodyna-
mique du patient durant la période péri-intubation soit contrôlé
et optimisé par un membre de l'équipe dédiée. La volémie doit
être titrée ainsi que l'administration des médicaments vaso-
presseurs (noradrénaline principalement).

Conclusion
L'intubation et la sécurisation des voies aériennes d'un patient
de réanimation sont des actes fréquents qui peuvent être asso-
ciés à des complications parfois graves. La sécurisation de cette
procédure passe par un enseignement et un entraînement de

chaque personnel impliqué. La simulation pourrait devenir un
atout certain. La mise en place de protocoles de service validés
et connus de tous, ainsi que d'aides cognitives immédiatement
disponibles pourraient diminuer la morbi-mortalité péri-
intubation.

Déclaration de liens d'intérêts : Dr De Jong rapporte recevoir des
paiements de Dräger, Medtronic and Fisher & Paykel.
Pr. Jaber rapporte recevoir des paiements de Dräger, Medtronic, Fresenius,
Baxter, Mindray and Fisher & Paykel.
Les autres auteurs déclarent ne pas avoir de liens d'intérêts.

Figure 3
Proposition d'algorithme de gestion des voies aériennes en réanimation. Mise en garde : il s'agit d'une proposition et non d'une
recommandation formelle validée par un comité de d'experts. D'après [8]
BAVU : ballon auto-remplisseur à valve unidirectionnelle ; BURP : backwards upwards rightwards pressure ; DSG : dispositif supra-glottique ; ONHD : oxygénothérapie nasale
à haut débit ; PEEP : pression positive de fin d'expiration ; RAMP : rapid airway management position ; VNI : ventilation non invasive.
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