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Introduction
Hypoxaemia is one of the most common 
complications during tracheal intubation 
of critically ill patients (Jaber et al. 2006; 
Russotto et al. 2021) with an  incidence 
of severe hypoxaemia reaching up to 50% 
(De Jong et al. 2013; Jaber et al. 2006). 
Severe hypoxaemia can lead to cardiac 
arrest, neurologic damage, or multiple 
organ failure (De Jong et al. 2013; De 
Jong et al. 2018) and anticipating and 
avoiding such episodes is of critical 
importance to prevent the development 
of subsequent complications.

In order to reduce the occurrence of 
hypoxaemia, preoxygenation is mandatory 
before tracheal intubation, increasing the 
duration of apnoea before desaturation. 
Preoxygenation consists of increasing 
the pulmonary oxygen reserve, and thus 
the functional residual capacity (FRC), in 

order to prevent hypoxaemia that could 
occur during the intubation attempt. 
Obese patients, ICU patients and pregnant 
women are particularly at risk of reduced 
efficiency of preoxygenation due to certain 
pathophysiological changes: decreased FRC, 
increased risk of atelectasis, shunt.

However, the most common device 
used, a face mask, has to be taken off after 
preoxygenation in order to allow the passage 
of the orotracheal tube through the mouth. 
Furthermore, positioning the orotracheal 
tube in the trachea takes time, varying from 
a few seconds to several minutes in case of 
difficult intubation (De Jong et al. 2013). 

High-flow nasal cannula oxygen therapy 
(HFNO) can be continued during the 
passage of the orotracheal tube through 
the mouth, and as a consequence may 
be used to continue blood oxygenation 
during the apnoea period of intubation, 
especially when the facial mask used for 
preoxygenation is removed (Papazian et 
al. 2016). All the same, the possible role 
of apnoeic oxygenation during intubation 
procedures in critically ill patients remains 
debated. When and how could it be used?

What is the Physiological Basis of 
Apnoeic Oxygenation?
In 1959, a study reported eight patients 
scheduled for minor operations who were 
intubated and paralysed to prevent breathing 
(Frumin et al. 1959) but not ventilated. Pure 

oxygen was administered in the endotracheal 
tube. The patients drastically increased their 
carbon dioxide tension (up to 250 mm 
Hg) and developed respiratory acidosis 
(up to a pH of 6.72) while maintaining 
100% oxygen saturation. Indeed, whereas 
carbon dioxide tension depends on minute 
ventilation, oxygenation depends on positive 
end-expiratory pressure (PEEP) and FIO

2
. 

Figure 1 summarises the course of oxygen 
from the atmosphere to the blood vessel 
during apnoea. Apnoeic oxygenation is 
a physiological phenomenon in which 
the difference between the alveolar rates 
of oxygen removal and carbon dioxide 
excretion generates a negative pressure 
gradient of up to 20 cmH

2
O.  This negative 

pressure gradient can allow a flow of 
oxygen into the lungs, as long as airway 
permeability between the lungs and the 
atmosphere, open alveoli and high alveolar 
oxygen pressure are maintained (Figure 1).

What are the Most Recent Data 
Published?
Interpretation of the many existing trials 
in the field remains difficult because 
preoxygenation and apnoeic oxygenation 
are often evaluated concomitantly. 

Guitton et al. (2019) included 
non-severely hypoxaemic patients, and 
found no significant difference between 
the median lowest SpO

2
 during intubation 

in the HFNO group compared with the 
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standard bag valve mask group. However, 
there was less severe desaturation (<90%) 
in the HFNO group compared with the 
standard bag valve mask group. These 
results confirm the encouraging results of 
an observational study (Miguel-Montanes 
et al. 2015) performed, also in mildly 
hypoxaemic patients. 

However, in severely hypoxaemic 
patients intubated in the intensive care 
unit (ICU), HFNO has never proved its 
efficiency, compared to absence of apnoeic 
oxygenation. Vourc'h et al. (2015) found 
no difference on the minimal SpO

2
 values 

during intubation in hypoxaemic patients 
between 60L/min of HFNO and oxygen 
facial mask (92% vs 90%, p=0.44). Semler 
et al. (2016) found that the administration 
of 15L/min nasal cannula oxygen in 
the apnoeic oxygenation group was not 
associated with significantly increased 
minimal SpO

2
 values during intubation 

procedures (from 92% in the apnoeic 
oxygenation group to 90% in the usual 
care group [p=0.16]). 

The discrepancies between the results 
of these studies (Semler et al. 2016; 
Miguel-Montanes et al. 2015; Vourc'h 
et al. 2015; Sakles et al. 2016) could 
mainly be explained by the oxygen flow 
used for the apnoeic oxygenation group 
(from 15 to 60 L/min) and the different 
studied populations in term of hypoxaemia 
(severe vs mild to moderate). Moreover, 
if the efficiency of using HFNO for 
preoxygenation and apnoeic oxygenation 
is still a matter of debate (Chanques and 
Jaber 2019; Ricard and Gregoretti 2019; 
Hanouz et al. 2019a), it is mostly because 
preoxygenation (before induction of 
apnoea, when the patient is still breathing) 
is not separated from apnoeic oxygenation 
(after induction of apnoea, when the 
patient is not breathing anymore). 

Preoxygenation using a tightly applied 
facial mask remains the method of choice. 
In a physiologic study (Hanouz et al. 
2019b) comparing the ETO

2
 following 

preoxygenation, 96% and 46% (P < 0.001) 
of volunteers had an ETO

2
 of at least 90% 

in the face-mask and HFNO groups, 
respectively. In the face mask group, the 
hazard ratio to achieve an ETO

2
 of 90% 

was 5.3 (95% CI: 3.2 to 8.9; P < 0.001). 
Noninvasive ventilation (NIV) 

preoxygenation of patients with severe 
hypoxaemic acute respiratory failure is 
associated with less hypoxaemia than 
preoxygenation with oxygen facial mask 
during intubation procedures (Baillard 
et al. 2006). Indeed, associating pressure 
support (PS) with positive end expiratory 
pressure (PEEP) limits alveolar collapse 
and atelectasis formation (Pepin et al. 
2016; Hemmes et al. 2014), responsible 
for hypoventilation and low perfusion 
ventilation ratio (De Jong et al. 2014). 
Incidence of severe hypoxaemia defined 
by a pulse oximetry (SpO

2
) of less than 

80% can be decreased by applying NIV 
preoxygenation, a method which is now 
used by many teams for preoxygenation 
of patients with severe hypoxaemic acute 
respiratory failure.

In a randomised controlled trial including 

Figure 1. Mechanisms of apnoeic oxygenation

Apnoeic oxygenation (patient in apnoea without any ventilation)
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313 patients, NIV was recently compared to  
HFNO for preoxygenation of critically ill 
patients with acute hypoxaemic respiratory 
failure (Frat et al. 2019). Severe hypoxaemia 
(pulse oximetry < 80%) occurred in 33 
(23%) of 142 patients after preoxygenation 
with NIV and 47 (27%) of 171 with HFNO 
(absolute difference –4.2%, 95% CI –13.7 
to 5.5; p=0.39). In the subgroup of patients 
with PaO

2
/FiO

2
 lower than 200 mmHg, 

severe hypoxaemia occurred less frequently 
after preoxygenation with NIV than with 
HFNO (28 (24%) of 117 patients vs 44 
(35%) of 125; adjusted odds ratio 0.56, 
0.32 to 0.99, p=0.0459). Preoxygenation 
using NIV remains the most efficient way  
to decrease oxygen desaturation in critically 
ill patients, and furthermore in the obese 
patient (Schetz et al. 2019). 

Using HFNC combined with NIV  
may have potential advantages over conven-
tional NIV alone for preoxygenation before 
intubation procedures in hypoxaemic ICU 
patients.The OPTINIV method (Figure 2) 
(Jaber et al. 2016), associating preoxygen-
ation with pressure support and PEEP (NIV) 
and HFNO for both preoxygenation and 
apnoeic oxygenation, allowed a signifi-
cantly higher oxygen saturation during the 
intubation procedure, when compared to 
preoxygenation with NIV alone.

What To Do in Practice?
Several preoxygenation methods are available 
in practice: bag valve mask, HFNO, pressure 
support associated with PEP (NIV), OPTINIV 
method (NIV combined to HFNO).

Three methods provide sufficient reserves 
in oxygen: bag valve mask oxygenation, 
NIV, OPTINIV method, the latter permitting 
higher oxygen saturation during intubation 
procedures in severely hypoxaemic patients. 
HFNO can be added for apnoeic oxygenation 
in case of high risk of desaturation, ensuring 
good mandible subluxation, after an attempt 
to open alveoli using NIV (Figure 1).

One very efficient way to oxygenate during 
the apnoea period remains to ventilate the 
patient. The efficiency of ventilation during 
apnoea after rapid sequence induction was 
recently assessed (Casey et al. 2019). Among 
critically ill adults undergoing tracheal 
intubation, patients receiving bag valve mask 
ventilation had higher oxygen saturations 
and a lower incidence of severe hypoxaemia 
than those receiving no ventilation. In very 
hypoxaemic critically ill patients, without 
high risk of aspiration, considering bag 
valve mask ventilation may help to limit the 
rapid drop in oxygen saturation.

Conclusion 
To date, the evidence for apnoeic oxygenation 
being beneficial during ICU intubation is 

conflicting, most likely because its success 
depends on upper airway patency during 
laryngoscopy and intubation, as well as the 
FiO

2
, oxygen flow rate, patient position and 

the extent and cause of any pre-existing 
hypoxaemia. There is little or no evidence 
of harm. However, the clinician must avoid 
confusion between preoxygenation and 
apnoeic oxygenation. Whereas NIV is the 
method of preference for preoxygenation 
of critically ill hypoxaemic patients, HFNO 
can be used for apnoeic oxygenation, and 
might limit the occurrence of desaturation 
especially in mild to moderately hypoxaemic 
patients. The OPTNIV method, combining 
NIV and HFNO, is the method of choice 
to increase the lowest oxygen saturation 
reached during the intubation procedure. 
In patients at high risk of desaturation and 
without high risk of aspiration, preventive 
ventilation during apnoea should be 
considered.
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Figure 2. OPTINIV method
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