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Airway management, including tracheal intubation (TI) 
and tracheostomy constitute the most commonly per-
formed procedures in critically ill patients. Critically ill 
patients have a ‘physiologically difficult’ airway, i.e. where 
the underlying hypoxaemia, hypotension, metabolic aci-
dosis and other pathophysiologic changes substantially 
increase the risk of complications during TI. In contrast 
to patients in the operating room, factors such as the 
emergent nature of airway management, the increased 
risk of aspiration, variable levels of operator experience, 
less advanced equipment and complex intubating condi-
tions, pose significant additional challenges during TI in 
these patients. In addition, a proportion of these critically 
ill patients will also have ‘anatomically’ difficult airways, 
further increasing risk for adverse airway-related out-
comes [1].

In the UK 4th National Audit Project report, almost 
20% of all major airway-related complications occurred 
in ICU, leading to death or brain injury in 61% of the 
cases, compared to 14% during anaesthesia [1]. Failure to 
use capnography, poor recognition of high-risk airways, 
poor planning, lack of advanced airway skills and equip-
ment, were major contributing factors [1]. The incidence 
of cardiac arrest was 2.7% in a retrospective analysis of 
1847 TIs from 64 French ICUs. Arterial hypotension 
and hypoxia prior to TI, lack of preoxygenation, obesity 
and older age were associated with an increased risk [2]. 
Recognizing the high risk of airway management in ICU, 
three guidelines specific to tracheal intubation in ICU 
were recently published by various international socie-
ties, with a focus on strategies to enhance safety during 

TI [3–5]. We report a brief update of the recent evidence 
on approaches to decrease the morbidity from airway 
management in critically ill patients (Table 1).

Preparation for tracheal intubation: a checklist?
Janz and colleagues recently performed the first rand-
omized trial investigating the use of a written check-
list prior to TI in ICU compared to usual care [6]. The 
checklist included 10 recommended preparatory steps to 
be performed before TI. The effect was modest, with no 
difference in lowest oxygen saturation and lowest systolic 
blood pressure from induction up to two minutes after TI 
between the groups. Unfortunately, the checklist did not 
include interventions aiming at physiological optimiza-
tion (e.g. noninvasive ventilation, fluid load, early use of 
vasopressors), possibly explaining why the checklist did 
not influence the selected outcomes. Moreover, given 
the prior significant expertise in participating centers in 
airway management and the use of checklists for other 
ICU procedures, a high penetrance of checklist items 
may have been present in the control group. Nonethe-
less, a pre-intubation checklist may be more effective in 
less experienced teams and where the checklist includes 
interventions to enhance oxygenation and hemodynamic 
optimization, as observed following the implementation 
of the ICU  intubation  bundle aimed at reducing life-
threatening complications associated with TI [7].

Preoxygenation and apnoeic oxygenation: utility 
of high flow nasal cannulae oxygen
Hypoxia is a leading complication of TI. In the last few 
years, methods to reduce desaturation have been a major 
part of the research agenda for airway management. In 
an attempt to increase the safe apnea period, different 
preoxygenation (i.e. denitrogenation with high-flow oxy-
gen with or without positive pressure ventilation) strate-
gies have been used. During the apnoeic period prior to 

*Correspondence:  vinrussotto@gmail.com 
1 Department of Emergency and Intensive Care, University Hospital San 
Gerardo, Via Pergolesi 33, 20900 Monza, Italy
Full author information is available at the end of the article

http://orcid.org/0000-0003-1411-9099
http://crossmark.crossref.org/dialog/?doi=10.1007/s00134-019-05757-0&domain=pdf


1616

Table 1  Major studies on airway management in the critically ill published in the last 3 years

Study description Intervention/objective Outcomes/endpoints Major findings

Preparation—risk prediction

Multicenter RCT of adult 
patients requiring ETI in 
ICU (Janz et al. [6])

Efficacy of a written, 
verbally-performed 
pre-intubation checklist 
(130 patients) versus no 
intubation checklist (132 
patients)

Primary outcome: composite of low-
est SpO2 and lowest systolic blood 
pressure

Secondary outcomes: life-threatening 
complications, time and N° of 
laryngoscopy attempts, ventilator-
free days, ICU free-days, in-hospital 
mortality

There was no difference in median lowest SpO2 
and lowest SBP between the checklist group 
and usual care. No differences were observed 
in duration, n° of laryngoscopy attempts or 
severe complications

Retrospective analysis of pro-
spectively collected data 
of studies on adult patients 
requiring ETI in ICU (De 
Jong et al. [2])

To determine the incidence 
and factors associated 
with intubation-related 
cardiac arrest in critically 
ill patients requiring ETI 
in ICU

Primary outcome: intubation-related 
cardiac arrest

Secondary outcomes: cardiac arrest 
without ROSC, severe and moderate 
complications, mortality at 28 days

Forty-nine out of 1947 ETIs (2.7%) were followed 
by cardiac arrest

Arterial hypotension (SBP < 90 mm Hg) and 
hypoxaemia prior to intubation, absence of 
preoxygenation, overweight/obesity and age 
more than 75 years old were the five identified 
independent risk factors for cardiac arrest

Preoxygenation strategies

Multicenter RCT of adult 
patients requiring ETI in 
ICU with a PaO2/FiO2 > 200 
(Guitton et al. [9])

HFNC with 60 L/min and 
FiO2 100% (95 patients); 
BVM with 15 L/min and 
reservoir (89 patients)

Primary outcome: lowest SpO2
Secondary outcomes: SpO2 < 95, 90, 

80%, severe and moderate adverse 
events, length of ICU stay, organ 
failure, duration of ventilation, 
ventilator-associated pneumonia, 
mortality at 28 days

No difference in median lowest SpO2 between 
HFNC and BVM

Severe complications (SpO2 < 80%, severe hypo-
tension, cardiac arrest) were less frequent in 
the HFNC group compared to BVM group

Multicenter RCT of adult 
patients with acute hypox-
emic respiratory failure 
(PaO2/FiO2 ≤ 300) (Frat 
et al. [10])

Facemask NIV with a PS set 
to obtain a VTE 6–8 ml/Kg, 
PEEP 5 cm H2O and FiO2 
100% (142 patients)

HFNC with 60 L/min and 
FiO2 100% (171 patients)

Primary outcome: SpO2 < 80%
Secondary outcomes: lowest SpO2, 

difficult intubation, agitation, imme-
diate and late complications

No overall difference in severe hypoxaemia 
between NIV and HFNC. In patients with 
moderate-to-severe hypoxaemia (PaO2/
FiO2 ≤ 200 mm Hg), severe hypoxaemia 
occurred less frequently after preoxygenation 
with NIV than with HFNC. No difference was 
observed in immediate and late complications

Rapid sequence induction

Multicenter RCT of adult 
patients requiring ETI with 
RSI in ICU (patients at high 
risk of aspiration excluded) 
(Casey et al. [12])

BVM during apneic period 
post induction (199 
patients)

No ventilation between 
induction and ETI (202 
patients)

Primary outcome: lowest SpO2
Secondary outcomes: SpO2 < 80%, 

oropharyngeal or gastric aspiration, 
presence of new opacities on chest 
X-rays < 48 h from ETI

Median lowest SpO2 was 96% (IQR 87–99%) in 
the BVM group and 93% (IQR 81–99%) in the 
no-ventilation group, p = 0.01

In the BVM group, 10.9% had an SpO2 < 80% vs 
22.8% in the no-ventilation group (RR 0.48, 
95% CI 0.30–0.77). No difference between 
groups in operator-reported aspiration (2.5% 
in the BMV group vs 4% in the no-ventilation 
group, p = 0.41) or new opacities (16.4 in 
the BVM group vs 14.8 in the no-ventilation, 
p = 0.73)

Device/adjuncts for laryngoscopy

Meta-analysis of RCT of adult 
patients requiring intuba-
tion in the ICU randomized 
to either DL or VL (Huang 
et al. [14])

VL or DL Primary outcome: first-attempt suc-
cess

Secondary outcomes: duration, glottic 
visualization (Cormack grade), com-
plications and mortality

VL did not improve first-attempt success 
rate. Data remained unchanged when the 
intervention was the Glidescope® VL. VL led to 
better glottic visualization but not to a faster 
intubation or a lower incidence of complica-
tions

Single center RCT of critically 
ill adults requiring intuba-
tion in the ED with DL 
(Driver et al. [17])

ETI with bougie (381 
patients)

ETI with stylet (376 patients)

Primary outcome: first-attempt 
success in patients with at least 1 
difficult airway characteristic

Secondary outcomes: first-attempt 
success in all patients, without 
hypoxaemia, attempt duration, 
esophageal intubation, hypoxia

First-attempt intubation success was higher in 
the bougie group (96%) than in the endotra-
cheal tube + stylet group (82%) (absolute 
between-group difference 14%; 95% CI 8% to 
20). No difference was observed in duration of 
intubation and incidence of hypoxaemia

BVM bag-valve mask, CI confidence interval, CICO cannot intubate-cannot oxygenate, DL direct laryngoscopy, ED emergency department, HFNC high-flow nasal 
cannulae therapy, ICU intensive care unit, IQR interquartile range, NIV noninvasive ventilation, RCT​ randomized controlled trial, ROSC return of spontaneous circulation, 
RR relative risk, RSI rapid-sequence induction, SBP systolic blood pressure, VL videolaryngoscopy
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intubation, apnoeic oxygenation (i.e. oxygen delivery dur-
ing the apnea time) strategies have been investigated [8]. 
The high flow nasal cannulae (HFNC), which can be used 
to deliver up to 80 L/min of heated and humidified oxy-
gen, have been tested in both settings.

The PROTRACH study investigated the hypothesis 
that HFNC used for preoxygenation and continued to 
provide apnoeic oxygenation during tracheal intubation 
could reduce desaturation compared to bag-valve mask 
preoxygenation in patients without severe hypoxaemia 
(PaO2/FiO2 ratio ≥ 200 mmHg)  [9]. Though there was no 
difference in the primary outcome (the lowest SpO2 dur-
ing intubation), patients in the HFNC group experienced 
a lower incidence of intubation-related complications 
(including SpO2 < 80%, severe hypotension and cardiac 
arrest) [9].

The FLORALI-2 study randomized 313 patients 
with hypoxic respiratory failure (PaO2/FiO2 
ratio ≤ 300  mmHg) to preoxygenation using non-inva-
sive ventilation (NIV) or HFNC (continued to provide 
apnoeic oxygenation during tracheal intubation) [10]. 
There was no difference in the primary outcome which 
was the occurrence of severe hypoxaemia (SpO2 < 80%). 
A beneficial effect of NIV compared to HFNC was 
observed in patients with moderate to severe hypox-
aemia [10]. Jaber et  al. [11] in a proof of concept study 
(OPTINIV trial), found that there were lesser incidences 
of desaturations when HFNC was added to NIV, as com-
pared to NIV alone, for preoxygenation during TI in crit-
ically ill patients.

From the available evidence, NIV seems to be the 
method of choice for preoxygenation to increase the oxy-
gen reserve, especially in severely hypoxic patients suf-
fering from an increased alveolar–arterial gradient and 
pulmonary shunt. HFNC oxygen use has shown lesser 
intubation related complications as compared to bag-
valve mask for preoxygenation in patients who are not 
severely hypoxemic. HFNC oxygen has shown benefit 
when added to NIV during preoxygenation and contin-
ued during TI. However, further studies are needed to 
strengthen these recommendations.

Rapid sequence induction: a practice change?
Critically ill patients may not be fasted and/or may have 
slower gastric emptying. Thus, conventionally, a rapid 
sequence induction (RSI), i.e. administration of rapid 
onset agents and avoidance of ventilation between induc-
tion and intubation, to limit gastric insufflation and pul-
monary aspiration, is indicated. However, hypoxaemia 
during this period is a concern.

In the PREVENT study, patients were randomized 
to receive mask ventilation or no ventilation between 

induction and intubation [12]. Patients receiving ven-
tilation experienced lower incidence of severe hypox-
aemia compared to controls without suffering from an 
increased rate of pulmonary aspiration. However, the 
study was not powered to look at pulmonary aspiration 
and excluded patients at high aspiration risk (i.e. preg-
nant women, patients with emesis, hematemesis or hem-
optysis). Nevertheless, it further challenges the historic 
dogma and provides some reassurance for gentle ventila-
tion to limit hypoxia during RSI.

Device selection for intubation
Use of videolaryngoscopes
A meta-analysis comparing direct laryngoscopy (DL) 
with videolaryngoscopy (VL) for emergency intubation 
outside the operating room showed higher first pass 
intubation success rates with VL compared with DL and 
fewer oesophageal intubations in the subgroup of ICU 
patients, though not overall success rates. Of concern, 
the use of VL was associated with more life-threatening 
complications including arterial hypotension [13]. In two 
recent meta-analyses of randomized trials, the use of VL 
did not increase first-attempt intubation success rate 
in ICU, nor improve outcomes compared with DL [14, 
15]. Some studies included in these meta-analyses have 
shown higher incidence of severe life-threatening compli-
cations with VL use. An explanation given for these find-
ings is failure to abort TI attempts when there is a clear 
laryngeal view using VL, leading to prolonged apnea time 
and complications [14, 15]. Nevertheless, though recent 
evidence does not support the routine use of VL for TI 
in ICU, VL improves glottic visualization as compared to 
DL and reduces the incidence of oesophageal intubation, 
making it an important tool for difficult airway manage-
ment in ICU, especially in expert hands [3, 4]. Future 
trials will better define the role of VL in ICU, especially 
with respect to appropriate use of airway adjuncts, opti-
mal patient position, the ideal glottis view required for 
a successful VL-assisted intubation and they should use 
adverse outcomes such as severe complications, rather 
than first pass intubation success rate alone as a primary 
outcome [15, 16].

Use of a bougie
A recent large randomized study compared the use of 
a bougie with an tracheal tube and a stylet for TI in the 
emergency department [17]. The use of a bougie resulted 
in significantly higher first-attempt intubation success in 
patients undergoing emergency TI, with at least one dif-
ficult airway characteristic [17]. This was a single center 
study with operators experienced with bougie use. Hence 
the generalizability of these findings remains unclear. 
Nevertheless, given their demonstrated utility in different 
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settings and their low cost, it seems reasonable to suggest 
that a bougie may be used to facilitate the initial  TI  in 
those experienced with its use.

Future directions
Reducing hypoxia and other complications are a prior-
ity during airway management in critically ill patients. 
Thus, interventions aimed at increasing first-pass intuba-
tion success (role of VL, bougie etc.) should be integrated 
with those aiming at optimizing physiology.

An ongoing large international observational study 
(INTUBE, NCT03616054), will provide data on current 
incidence of intubation-related complications and the 
practice of airway management in critically ill patients 
worldwide. This snapshot of real-world practices may 
help develop strategies aimed at physiological optimiza-
tion and intubation-related risk reduction.
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