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Abstract 

Purpose:  High-flow nasal cannula oxygen (HFNC) has the potential to provide apnoeic oxygenation. We decided to 
assess in a proof-of-concept study whether the addition of HFNC to non-invasive ventilation (NIV) could reduce oxy-
gen desaturation during intubation, compared with NIV alone for preoxygenation, in severely hypoxaemic intensive 
care unit (ICU) patients with respiratory failure.

Methods:  We conducted a randomised, controlled, single-centre trial with assessor-blinded outcome assessment 
in patients admitted to the ICU. Hypoxaemic patients requiring orotracheal intubation for respiratory failure were 
randomised to receive preoxygenation using HFNC [flow = 60 L/min, fraction of inspired oxygen (FiO2) = 100 %] 
combined with NIV (pressure support = 10 cmH2O, positive end-expiratory pressure = 5 cmH2O, FiO2 = 100 %) in 
the intervention group or NIV alone in the reference group prior to intubation. The primary outcome was the lowest 
oxygen saturation (SpO2) during the intubation procedure. Secondary outcomes were intubation-related complica-
tions and ICU mortality.

Results:  Between July 2015 and February 2016, we randomly assigned 25 and 24 patients to the intervention and 
reference groups, respectively. In both groups the main reasons for respiratory failure were pneumonia and ARDS. 
During the intubation procedure, the lowest SpO2 values were significantly higher in the intervention group than in 
the reference group [100 (95–100) % vs. 96 (92–99) %, p = 0.029]. After exclusion of two patients from analysis for pro-
tocol violation, no (0 %) patients in the intervention group and five (21 %) patients in the reference group had SpO2 
below 80 % (p = 0.050). We recorded no significant difference between the groups in intubation-related complica-
tions or ICU mortality.
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Introduction
Tracheal intubation is needed to provide invasive 
mechanical ventilation in severely hypoxaemic patients 
in the intensive care unit (ICU). Orotracheal intubation 
is one of the most frequent procedures performed in the 
ICU [1]. Severe hypoxaemia occurring during intuba-
tion procedure can result in cardiac arrest [2], cerebral 
anoxia and death [3]. To prevent and limit the incidence 
of severe hypoxaemia following the intubation procedure 
and its complications, several preoxygenation techniques 
and intubation algorithms have been developed [4–9], 
and specific risk factors for difficult intubation in the ICU 
have been identified [10].

Non-invasive ventilation (NIV) for preoxygenation of 
patients with severe hypoxaemic acute respiratory failure 
is associated with less hypoxaemia than preoxygenation 
with oxygen facial mask during intubation procedures 
[11]. Indeed, combining pressure-support (PS) with posi-
tive end-expiratory pressure (PEEP) limits alveolar col-
lapse and atelectasis formation [12, 13], responsible for 
hypoventilation and low perfusion ventilation ratio [14]. 
Incidence of severe hypoxaemia defined by a peripheral 
capillary oxygen saturation (SpO2) of less than 80 % can 
be reduced by applying NIV preoxygenation, a method 
which is now used by 36 % of teams [10] for preoxygena-
tion of patients with severe hypoxaemic acute respiratory 
failure.

However, although NIV can be safely applied for pre-
oxygenation before the intubation procedure, NIV facial 
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 
into the trachea may take time, from a few seconds to 
several minutes in case of difficult intubation [10]. The 
hypoxaemic patient does not receive oxygen during this 
period, which contributes to the risk of severe hypoxae-
mia during intubation procedures [15, 16].

High-flow nasal cannula oxygen therapy (HFNC), 
which delivers high flow, heated and humidified air via 
nasal prongs at a prescribed fraction of inspired oxygen 
(FiO2) and a maximum flow of 60  L/min [17, 18], can 
be continued during the passage of an orotracheal tube 
through the mouth. Recent studies suggest that HFNC 
could allow for apnoeic oxygenation [19, 20], and inter-
estingly as a consequence could be used to continue 

blood oxygenation during the apnoea period of intuba-
tion, especially when the NIV facial mask is removed 
[15]. Furthermore, previous studies have shown that 
HFNC oxygen therapy generates a flow-dependent 
positive airway pressure and improves oxygenation by 
increasing end-expiratory lung volume [21], thus sug-
gesting possible associated alveolar recruitment. How-
ever, the patient’s mouth must be closed to observe this 
effect [22], suggesting that NIV could be more efficient 
than HFNC to prevent alveolar derecruitment.

Using HFNC combined with NIV may have potential 
advantages over conventional NIV alone for preoxygena-
tion before intubation procedures in hypoxaemic ICU 
patients. Some studies have assessed the preoxygena-
tion effect of HFNC compared to oxygen facial mask or 
other devices, with conflicting results [19, 23, 24]. How-
ever, the technique of preoxygenation combining NIV 
and HFNC, respectively incorporating the concepts of 
prevention of alveolar derecruitment and of apnoeic oxy-
genation, has never been assessed and benefit remains to 
be established.

We aimed to assess in the OPTINIV study if preoxy-
genation combining HFNC and NIV compared to NIV 
alone could prevent desaturation during the intuba-
tion procedure and complications related to intubation 
in ICU severe hypoxaemic patients needing mechanical 
ventilation for hypoxaemic acute respiratory failure.

We hypothesized that in comparison to the reference 
preoxygenation method using NIV alone, a novel strat-
egy of preoxygenation which combines HFNC with NIV 
would allow for a reduction of severe hypoxaemia during 
the intubation procedure in severe hypoxaemic respira-
tory failure patients.

Methods
Study design and patients
The HFNC (Optiflow®, Fisher & Paykel Healthcare, 
Auckland, NZ) combined with NIV for decreasing oxy-
gen desaturation during intubation procedures in ICU 
hypoxaemic patients (OPTINIV) trial was an investiga-
tor-initiated, single-centre, randomised, controlled, two-
arm trial. The OPTINIV proof-of-concept study took 
place in a mixed medical and surgical 16-bed ICU, in 
France. The OPTINIV protocol was previously published 
[25]. The Institutional Review Board of the University 

Conclusions:  A novel strategy for preoxygenation in hypoxaemic patients, adding HFNC for apnoeic oxygenation to 
NIV prior to orotracheal intubation, may be more effective in reducing the severity of oxygen desaturation than the 
reference method using NIV alone.

Keywords:  Apnoeic oxygenation, Preoxygenation, High-flow nasal cannula oxygen, Non-invasive ventilation, 
Intubation, Hypoxaemia
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Hospital of Montpellier (France) approved the trial. On 
13 May 2015, the study was approved by a central eth-
ics committee (Comité de Protection des Personnes 
Sud-Méditerranée IV, Montpellier, France) with the reg-
istration number IDRCB 2015-A00708-41. The OPTINIV 
study was conducted in accordance with the Declaration 
of Helsinki and was registered at http://www.clinicaltri-
als.gov with trial identification number NCT02530957. 
Study design is detailed in the Supplementary Fig. 1.

Three methods of consent were used, as required by 
the institutional review board in accordance with the 
2013 Declaration of Helsinki. If possible, the patient 
was included after written informed consent. However, 
the patient often cannot understand information given 
because of severe hypoxaemia. These patients were 
included after written informed consent was provided 
by next of kin or an emergency procedure (investigator 
signature) if next of kin was not present. When available, 
after recovery, patients were retrospectively asked for 
written consent to continue the trial.

Patients admitted to the ICU and requiring mechani-
cal ventilation through an orotracheal tube were eligible 
in the study. Severe hypoxaemic acute respiratory fail-
ure was defined as a respiratory rate higher than 30 per 
minute, and a FiO2 requirement of 50 % or more [22] to 
obtain at least 90  % SpO2 (or an impossibility to obtain 
more than 90 % SpO2) and an estimated partial pressure 
of arterial oxygen (PaO2)/FiO2 ratio below 300 mmHg, in 
the 4 h before inclusion [23].

Patients fulfilling one or more of the following criteria 
were not included: age less than 18  years, pregnant or 
breastfeeding woman, protected person, intubation pro-
cedures in case of cardiocirculatory arrest, nasopharyn-
geal obstruction contraindicating the use of HFNC, and 
usual contraindications to NIV [26].

Procedures
The interventional group received 4 min preoxygenation 
at 30° of head-up inclination with HFNC (humidified 
oxygen flow of 60  L/min, FiO2  =  100  %, Fig.  1) com-
bined with NIV (PS of 10  cmH2O, PEEP of 5  cmH2O, 
FiO2 = 100 %, Fig. 1).

The reference group received 4 min preoxygenation at 
30° of head-up inclination with NIV only (same parame-
ters as in the interventional group) without HFNC (nasal 
cannula positioned without any flow, Fig. 1).

Procedures and description of data collected are 
detailed in the electronic supplementary material.

Randomisation and masking
Patients eligible for inclusion were randomly assigned 
to the interventional group or to the reference group 
(Fig.  1). A computer-generated 1:1 randomisation was 

used, generated by a statistician who was not involved 
in determination of patient eligibility or outcome assess-
ment. No stratification was performed. Randomisation 
was accomplished by using opaque sealed envelopes. The 
randomisation envelopes contained a card stating the 
group to which the patient was randomised. The study 
was blinded to the observer collecting the data (Fig.  1) 
[25]. NIV was performed and nasal cannula positioned 
in both groups, to allow blinding. An ICU ventilator 
with NIV software was used (Evita V500 or XL, Drager 
Lubeck). The operator performing the intubation proce-
dure blinded the group by placing a large sheet over the 
oxygen flow meter (Fig.  1). In the interventional group 
(A. Real HFNC + NIV in Fig. 1), the nasal cannula was 
connected to the oxygen flow meter via a tube and oxy-
gen set at 60 L/min and 100 % of FiO2. In the reference 
group (B. Sham HFNC +  NIV in Fig.  1), the tube con-
nected to the nasal cannula positioned on the patient was 
hidden under the sheet, without connection to the oxy-
gen flow meter. No flow of oxygen was administered by 
the nasal cannula in the reference group. To mimic the 
noise of HFNC in the reference group, another nasal can-
nula was hidden under the sheet and connected to the 
oxygen flow meter, with a flow also set at 60 L/min and 
delivered into the room atmosphere (Fig. 1). The blinded 
observer was one of the ICU residents, a nurse or a mem-
ber of the trained local research team.

Outcomes
The primary outcome was the minimal oxygen satura-
tion indicated by SpO2 during the intubation procedure. 
Intubation procedures lasted from the beginning of the 
first laryngoscopy (the end of rapid sequence induction) 
to the confirmation of the success of intubation by cap-
nography after the patient was connected to mechanical 
ventilation [23].

Secondary outcomes were preoxygenation quality (abil-
ity to improve SpO2, proportion of patients in whom it is 
impossible to obtain a saturation greater than 90 % dur-
ing preoxygenation), complications related to intubation 
procedures (severe and moderate) and morbidity in ICU 
(ventilator-associated pneumonia, ICU length of stay, 
length of invasive mechanical ventilation, and mortal-
ity rate on day 28). Severe complications were defined as 
follows: severe hypoxaemia (defined by lowest saturation 
less than 80 %), severe cardiovascular collapse (defined as 
systolic blood pressure less than 65 mm Hg recorded at 
least once or less than 90 mmHg lasting 30 min despite 
500–1000 mL of fluid loading (crystalloids solutions) or 
requiring introduction or increasing doses by more than 
30  % of vasoactive support), cardiac arrest, death dur-
ing intubation. Moderate complications were defined as 
follows: difficult intubation (more than two attempts), 

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
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severe ventricular or supraventricular arrhythmia requir-
ing intervention, oesophageal intubation, agitation, pul-
monary aspiration, dental injuries.

Statistical analysis
The primary outcome was the minimal SpO2 during 
intubation procedure. For this study, 23 patients in each 
group were needed to detect a 5 % difference in the low-
est SpO2 during intubation procedure (93 % ± 8 [11] and 
88 % ± 5 [10] in previous studies using NIV preoxygena-
tion alone in severe hypoxaemic acute respiratory failure 
patients), with a standard deviation of 6 %, at a two-sided 

α level of 0.05 and a statistical power of 80 % [5, 11]. To 
take into account withdrawn consent after randomisa-
tion, inclusions not meeting the inclusion criteria or 
improvement before intubation, 25 patients were ran-
domised in each group.

Continuous variables were expressed as median (inter-
quartiles 25–75). Qualitative variables were expressed as 
frequency and percentages. The Mann–Whitney U test 
was used for primary outcome analysis. The Chi square test 
(or Fisher’s exact test as appropriate) was used for second-
ary binary outcomes. Mann–Whitney U test was used for 
secondary continuous outcomes. A predefined statistical 

A. Interventional group =
Real HFNC + NIV

(patient received 4 min HFNC oxygen flow = 60 L/min)

B. Reference group =
Sham HFNC + NIV

(patient received 4 min HFNC oxygen flow = 0 L/min)

PS = 10 cm H2O
PEEP = 5 cm H2O
FiO2=100%

FLOW = 60 L/min to the patient
FiO2 = 100 %

NIV
screen/

ventilator
HFNC 

device blinded

IN BOTH GROUPS
nasal cannula + NIV

FLOW = 60 L/min to the 
room atmosphere 

FiO2 = 100 %

PS = 10 cm H2O
PEEP = 5 cm H2O
FiO2=100%

Fig. 1  Blinding sequence of the OPTINIV trial. HFNC high-flow nasal cannula oxygen therapy, FiO2 fraction of inspired oxygen, NIV non-invasive 
ventilation, PS pressure support, PEEP positive end-expiratory pressure. To allow blinding, a nasal cannula was positioned in each group. The opera-
tor performing the intubation blinded the group by placing a large sheet over the oxygen flow meter. Both groups received NIV. a In the interven-
tional group (real HFNC + NIV), the nasal cannula was connected to the oxygen flow meter via a tube and oxygen set at 60 L/min and 100 % of 
FiO2 which was delivered to the patient. The interventional group consisted in applying a preoxygenation at 30° of head-up inclination with NIV (PS 
of 10 cmH2O, PEEP of 5 cm H2O, FiO2 = 100 %) and oxygen HFNC set at 60 L/min and 100 % of FiO2. b In the reference group (sham HFNC + NIV), 
no oxygen flow was administered by the nasal cannula to the patient. The tube connected to the nasal cannula positioned on the patient was 
hidden under the sheet, without connection to the oxygen flow meter. To mimic the noise of HFNC in the reference group, another nasal cannula 
was hidden under the sheet and connected to the oxygen flow meter, with a flow also set at 60 L/min. The reference group consisted in applying a 
preoxygenation at 30° of head-up inclination with NIV only (PS of 10 cmH2O, PEEP of 5 cmH2O, FiO2 = 100 %) without oxygen HFNC (nasal cannula 
positioned without any flow)
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analysis plan was previously published [25]. The statisti-
cal analysis incorporated all the elements required by the 
CONSORT statement for non-pharmacological interven-
tions [25]. Statistical analysis was performed in the inten-
tion-to-treat population, including all the randomised 
patients except those who withdrew their consent, did not 
meet the inclusion criteria or improved before intubation. 
After exclusion from analysis of patients with protocol vio-
lation, a per-protocol analysis was performed. All analyses 
were conducted by the medical statistical department of 
the Montpellier University Hospital using statistical soft-
ware (SAS, version 9.3; SAS Institute; Cary, NC, USA).

Results
Between July 2015 and February 2016, 50 consecutive 
patients requiring intubation were enrolled (Fig. 2). In the 
intention-to-treat analysis, 25 and 24 patients were evalu-
ated in the interventional and reference groups, respec-
tively. In the reference group, the SpO2 per procedure 
could not be recorded in one patient because of intense 
peripheral vasoconstriction and this patient was not 
included in the intention-to-treat analysis. In the per-pro-
tocol analysis, two patients were excluded from analysis in 
the interventional group because of protocol violations: 
contraindications to NIV (exclusion criteria), i.e. presence 
of a pneumothorax before intubation, and presence of 
a leak of an upper oesophageal anastomosis. In the per-
protocol analysis, 23 and 24 patients were evaluated in the 
interventional and reference groups, respectively.

Intention‑to‑treat analysis
Characteristics of the population before preoxygenation
The baseline characteristics of the two groups were simi-
lar in terms of age, disease severity, organ failures, and 
diagnosis on admission (Table  1). Arterial blood gases 
and oxygen supply did not differ between the two groups 
(Table 1 and Supplementary Table 1).

Primary outcome: peripheral capillary oxygen saturation
During the intubation procedure, the distribution of 
minimal SpO2 values (primary outcome) was significantly 
higher in the interventional group in comparison with 
the reference group [100 (95–100)  % vs. 96 (92–99)  %, 
p = 0.029, Fig. 3). Changes in distribution of SpO2 values 
during the entire procedure are shown in Fig. 3. After pre-
oxygenation, SpO2 increased in the interventional group 
from 89 (87–92)  % to 100 (99–100)  % and in the refer-
ence group from 90 (86–93)  % to 100 (95–100)  % (Fig. 3).

Secondary outcomes: intubation procedure‑related 
complications
One patient (4  %) in the interventional group and five 
(21  %) in the reference group had an SpO2 below 80  % 

during the intubation procedure (p = 0.098; Supplemen-
tary Fig.  2). The five patients with an SpO2 below 80 % 
are detailed in the electronic supplementary material.

Descriptions of the preoxygenation and intuba-
tion procedures are shown in Table  2. The incidence of 
intubation procedure-related complications and other 
secondary outcomes are reported in Table 2. Severe com-
plications occurred in six (24 %) and nine (38 %) patients 
in the interventional and reference groups, respectively 
(p  =  0.305, Table  2). Duration of mechanical ventila-
tion, ICU length of stay and ICU mortality did not differ 
between groups (Table 2). No patient experienced baro-
trauma related to either preoxygenation method.

Per‑protocol analysis
Characteristics of the per-protocol population are pre-
sented in Supplementary Tables  2 and 3. During intu-
bation, the distribution of minimal SpO2 values was 
significantly higher in the interventional group when 
compared with the reference group [100 (95–100) % vs. 
95.5 (91.5–99)  %, p =  0.010; Supplementary Fig.  3). No 
patient (0 %) in the interventional group and five (21 %) 
in the reference group had an SpO2 below 80  % during 
intubation procedures (p = 0.050; Supplementary Fig. 3). 
The incidence of intubation procedure-related compli-
cations and other secondary outcomes are reported in 
Supplementary Table 3. Duration of mechanical ventila-
tion, ICU length of stay and ICU mortality did not differ 
between groups.

Discussion
The present study assessed for the first time a novel strat-
egy of preoxygenation using HFNC and NIV applied 
together. The results did not demonstrate any safety con-
cerns and show that this novel approach is more effec-
tive in increasing minimal SpO2 values during intubation 
procedure than the preoxygenation reference method 
using NIV alone in severe hypoxaemic respiratory failure 
critically ill patients.

OPTINIV is the first randomised controlled trial pow-
ered to investigate the effectiveness of combined HFNC 
and NIV to decrease severe hypoxaemia during the intu-
bation procedure in severe hypoxaemic acute respiratory 
failure patients in ICU. Supplementary Fig. 4 summarizes 
the six studies, including the present one, which assessed 
the minimal SpO2 values during intubation procedure 
according to the method of preoxygenation used in 
severe hypoxaemic patients. Oxygen facial mask preoxy-
genation was assessed in four studies [11, 23, 24, 27],

HFNC alone was assessed in four studies [23, 24, 27, 
28] and NIV alone was assessed in three studies (includ-
ing the present study) [11, 28]. Until the present study, 
no randomised controlled trial had assessed HFNC 
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combined with NIV in ICU. We chose to compare this 
new combined method of preoxygenation with the most 
efficient method reported in the literature in hypoxaemic 
patients to prevent oxygen desaturation as shown in sup-
plementary Fig. 4, i.e. NIV [11].

Previous clinical studies assessed the effect of 
apnoeic oxygenation, with conflicting results [29]. 

Miguel-Montanes et  al. [19] compared preoxygenation 
using oxygen facial mask with HFNC at a flow of 60 L/
min in patients with mild-to-moderate hypoxaemia. 
With the oxygen facial mask, the median lowest SpO2 
during intubation was 94 vs. 100 % with HFNC. Similarly 
to the positive results reported by Miguel-Montanes et al. 
[19], Sakles et  al. [20] found a reduction in the oxygen 

Intuba�on decision in ICU
n = 86 pa�ents

Randomised for preoxygena�on 
n = 50 pa�ents

Excluded n = 36: 
Contraindica�ons to NIV n = 4
Contraindica�ons to HFNC n = 1
Non hypoxaemic n = 16
Emergency intuba�on n = 15

Preoxygena�on 4 min NIV alone
n = 24 pa�ents

Preoxygena�on 4 min HFNC + NIV
n = 25 pa�ents

Admi�ed to ICU from July 2015 to February 2016
n = 457 pa�ents

Intuba�on before ICU admission n = 214  
Not needing intuba�on n = 157

Inten�on-to-treat analysis

Per-protocol analysis

Excluded n = 1: 
SpO2 not recorded during intuba�on 
procedure

Preoxygena�on 4 min NIV alone
n = 24 pa�ents

Preoxygena�on 4 min HFNC + NIV
n = 23 pa�ents

Excluded n = 2: 
Contra-indica�ons to NIV: 
pneumothorax, oesophageal fistula

Fig. 2  Flow chart of the OPTINIV study. ICU intensive care unit, NIV non-invasive ventilation, HFNC high-flow nasal cannula oxygen therapy
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Table 1  Patient characteristics in the intention-to-treat analysis

Total (n = 49) Interventional group  
(n = 25)

Reference group 
(n = 24)

Age (years) 61 (57–68) 63 (57–68) 60.5 (55–67)

Male sex 38 (78 %) 18 (72 %) 20 (83 %)

SAPS II score 49 (40–59) 47 (42–49) 52.5 (38–57)

Weight (kg) 72 (59–82.5) 72 (59–82.5) 72 (55.5–82.6)

Height (cm) 170 (165–175) 170 (167–175) 172 (164.5–175.5)

BMI (kg/m2) 23 (20–29) 24 (20–29) 23 (20–28)

Daytime intubation 30 (61 %) 17 (68 %) 13 (54 %)

On call procedure 19 (39 %) 8 (32 %) 11 (46 %)

Medical patients 29 (59 %) 15 (60 %) 14 (58 %)

Main reason for respiratory failure

 Pneumonia 14 (29 %) 8 (32 %) 6 (25 %)

 ARDS 11 (22 %) 6 (24 %) 5 (21 %)

 Acute pulmonary oedema 6 (12 %) 2 (8 %) 4 (17 %)

 COPD exacerbation 2 (4 %) 0 (0 %) 2 (8 %)

 Pleural effusion 4 (8 %) 2 (8 %) 2 (8 %)

 Atelectasis 9 (18 %) 5 (20 %) 4 (17 %)

 Others 3 (6 %) 2 (8 %) 1 (4 %)

Co-morbidities

 Alcohol abuse 19 (39 %) 9 (36 %) 10 (42 %)

 Smoking 32 (65 %) 16 (64 %) 16 (67 %)

 Cirrhosis 12 (24 %) 6 (24 %) 6 (25 %)

 Chronic obstructive pulmonary disease 6 (12 %) 2 (8 %) 4 (17 %)

 Diabetes 4 (8 %) 1 (4 %) 3 (13 %)

 Chronic congestive cardiac failure 3 (6 %) 3 (12 %) 0 (0 %)

 Chronic respiratory failure 5 (10 %) 1 (4 %) 4 (17 %)

 Admission Glasgow coma score 15 (13–15) 15 (13–15) 15 (13–15)

 Vasopressor use before intubation procedure 14 (29 %) 8 (32 %) 6 (25 %)

Advanced oxygenation support in the last hour before inclusion

 NIV 15 (31 %) 7 (28 %) 8 (33 %)

 HFNC 22 (45 %) 11 (44 %) 11 (46 %)

 Facial mask 6 (12 %) 3 (12 %) 3 (13 %)

 Standard nasal cannula 7 (14 %) 4 (16 %) 3 (13 %)

Arterial blood gas oxygenation

 PaO2/FiO2 (mmHg) 122 (83–230) 107 (74–264) 140 (83–201)

 PaCO2 (mmHg) 37 (30–51) 38 (29–52) 35 (30–48)

 SpO2 (%) 96 (94–100) 96 (95–100) 95 (91–100)

Emergency characteristic of intubation

 Real emergency 19 (39 %) 9 (36 %) 10 (42 %)

 Relative emergency 27 (55 %) 16 (64 %) 11 (46 %)

 Deferred emergency 3 (6 %) 0 (0 %) 3 (12 %)

MACOCHA score

 Mallampati score III or IV 5 (10 %) 2 (8 %) 3 (13 %)

 Obstructive apnoea syndrome 0 (0 %) 0 (0 %) 0 (0 %)

 Limited neck mobility 0 (0 %) 0 (0 %) 0 (0 %)

 Limited mouth opening 3 (6 %) 0 (0 %) 3 (13 %)

 Coma 9 (18 %) 4 (16 %) 5 (21 %)

 Severe hypoxia 9 (18 %) 4 (16 %) 5 (21 %)

 Non anaesthesiologist 21 (43 %) 9 (36 %) 12 (50 %)
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desaturation using apnoeic oxygenation in the emergency 
department. However, Vourc’h et  al. [23] found no dif-
ference for the minimal SpO2 values during intubation in 
hypoxaemic patients when comparing 60 L/min of HFNC 
and oxygen facial mask (92 vs. 90  %, p =  0.44). Semler 
et al. [24] found that the administration of 15 L/min nasal 
cannula oxygen in the apnoeic oxygenation group was 
not associated with significantly increased minimal SpO2 
values during intubation procedures (92 % in the apnoeic 
oxygenation group vs. 90  % in the usual care group 
(p  =  0.16)). The discrepancies between the results of 
these studies [19, 20, 23, 24] could mainly be explained by 
the oxygen flow used for the apnoeic oxygenation group 
(from 15 to 60 L/min), the differences between duration 
of intubation attempts and the different studied popula-
tions in terms of hypoxaemia (severe vs mild to moder-
ate). Moreover, the design of these studies differed from 
that of the current study, which allowed us to specifically 
assess apnoeic oxygenation using HFNC simultaneously 
combined with NIV preoxygenation.

The primary endpoint of the trial was the minimal 
SpO2 value during intubation procedure. The incidence 
of severe hypoxaemia following intubation is particularly 
high in ICU, reaching up to 50 % [10, 30]. Severe hypox-
aemia can lead to cardiac arrest, neurologic damage, or 

multiple organ failure and death [10]. However, intuba-
tion procedure-related complications and long-term 
outcome did not differ between groups. A lack of power 
probably explains the lack of observed differences 
between the two groups. There was a clinically relevant 
difference between the rates of severe complications 
between groups without reaching statistical significance 
(24 vs. 38  %, p =  0.305, Table  2). To reach significance, 
inclusion of 169 patients per group would have been 
required. However, the study was not designed a priori to 
conclude on this secondary outcome. This was a proof-
of-concept study designed to evaluate the safety and effi-
cacy of a new method of preoxygenation which combined 
apnoeic oxygenation and NIV. The clinical significance 
of 100 vs. 96  % minimal SpO2 value during intubation 
could appear low. However, only one patient in the inter-
ventional group in the intention-to-treat analysis and no 
patients in the per-protocol analysis experienced severe 
oxygen desaturation (SpO2 less than 80 %) during intuba-
tion procedure compared to five patients in the reference 
group (respectively p = 0.098, Supplementary Fig. 2; and 
p = 0.050, Supplementary Fig. 3).

The present study has some limitations. First, the 
number of patients included was low and small-sized 
studies tend to overestimate the treatment effect [31]. 

Data are summarized as n (%) or median (interquartile range). One patient can have more than one reason for ICU admission, for intubation or for advanced 
oxygenation support in the last hour before inclusion. The emergency characteristic of intubation was categorized according to the delay between decision of 
intubation and intubation procedure: real emergency (<15 min); relative emergency (15 min–1 h); deferred emergency (>1 h)

SAPS simplified acute physiologic score, BMI body mass index, ARDS acute respiratory distress syndrome, COPD chronic obstructive pulmonary disease, NIV non-
invasive ventilation, HFNC high-flow nasal cannula, PaO2 partial pressure of arterial oxygen, FiO2 fraction of inspired oxygen, PaCO2 partial pressure of arterial carbon 
dioxide, SpO2 peripheral capillary oxygen saturation

Table 1  continued

Total (n = 49) Interventional group  
(n = 25)

Reference group 
(n = 24)

MACOCHA score

 <3 43 (87.8 %) 23 (92 %) 20 (83 %)

 ≥3 6 (12.2 %) 2 (8 %) 4 (17 %)

 History of difficult intubation 2 (4 %) 1 (4 %) 1 (4 %)

Intubation procedure

 Time from induction to secured airway (s) 101 (60–120) 120 (60–120) 60 (60–120)

 Cormack III or IV grade of view 6 (12 %) 3 (12 %) 3 (13 %)

Number of alternative management devices

 None 44 (90 %) 21 (84 %) 23 (96 %)

 One 4 (8 %) 3 (12 %) 1 (4 %)

 Two or more 1 (2 %) 1 (4 %) 0 (0 %)

Number of attempts

 One 36 (73 %) 18 (72 %) 18 (75 %)

 Two or more 13 (27 %) 7 (28 %) 6 (25 %)

 Intervention of another skilled operator 6 (12 %) 3 (12 %) 3 (13 %)

 Successful intubation 49 (100 %) 25 (100 %) 24 (100 %)

 IDS score 0 (0–2) 0 (0–2) 0 (0–2)

 Capnography use 49 (100 %) 25 (100 %) 24 (100 %)
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Second, there is a theoretical risk of gastric air insuffla-
tion and aspiration related to positive airway pressure 
of NIV. However, as previously reported [11, 23, 32] 
and in the present study, it was recommended to never 
exceed a total insufflation airway pressure (PS +  PEEP) 
of 15  cmH2O which has been shown to be effective to 
avoid gastric air insufflation [33]. Third, the operator per-
forming intubation could be aware of the group of inclu-
sion. However, the assessor was an independent observer 
who did not know the group of inclusion. One strength 
of the study was the blinded assessment (Fig. 1), even if 
the operator could not be blinded, given the flow of the 
HFNC. Indeed, in order to avoid a PEEP effect, we chose 
not to administer any flow to the patient in the con-
trol group, even at 21  % FiO2. Moreover, the inclusions 
were performed around the clock, nights and weekends 
included, which further allows the extrapolation of the 
results of the present study. Fourth, one could argue 
that the high flow rate in the intervention group could 
increase the inspiratory and expiratory pressures in the 
mask and in the patient’s airway. However, we carefully 
checked that the ventilator’s safety system could cope 

with the 60  L/min extra flow without increasing the 
pressure in the ventilator circuit. Fifth, the adequacy of 
denitrogenation was not measured with fraction expired 
in oxygen. Heterogeneity in the aetiology and severity 
of airspace disease causing the hypoxaemia is such that 
the study may ultimately be underpowered to show the 
true effect. Sixth, we did not perform a three-arm study 
assessing the effect of HFNC alone as a method preoxy-
genation, because this method was already assessed in 
other studies in severe hypoxaemic patients [19, 23, 24, 
27]. In the same way, we did not use the standard mask 
ventilation preoxygenation as control because NIV pre-
oxygenation was already found to be superior to stand-
ard mask ventilation [11]. Finally, this was a single-centre 
study, which could limit the generalization of the results.

In conclusion, the OPTINIV randomised trial showed 
that HFNC combined with NIV, in comparison to NIV 
alone, allowed significantly higher minimal SpO2 values 
during the intubation procedure of severe hypoxaemic 
acute respiratory failure ICU patients. This proof-of-con-
cept study has to be confirmed with a large multicentre 
randomised controlled trial.

NIV Median (IQR)
Range [min-max]

NIV Mean (SD) 89·0 (5·7) 91·5 (12·5)

90 (86-93)
[73-99]

96 (92-99)
[56-100]

96·2 (5·9)

100 (96-100)
[75-100]

91·3 (9·0)

99 (92-100)
[92-100]

97·8 (2·5)

99 (97-100)
[93-100]

HFNC + NIV Median (IQR)
Range [min-max]

HFNC + NIV Mean (SD) 89·6 (5·5) 94·6 (15·0)

89 (87-92)
[78-100]

100 (95-100)
[25-100]

98·4 (3·6)

100 (99-100)
[85-100]

92·8 (6·7)

100 (100-100)
[92-100]

98·1 (2·8)

99 (98-100)
[89-100]

0

p=0·029

Intuba�on
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Fig. 3  Variations in minimal SpO2 values from baseline to the end of the intubation procedure. SpO2 peripheral capillary oxygen saturation, NIV 
non-invasive ventilation, HFNC high-flow nasal cannula oxygen therapy. At baseline (defined as values obtained at time of randomisation), before 
the intubation procedure, minimal SpO2 values were similar between groups, and remain similar at the end of preoxygenation. However, during the 
intubation procedure, minimal SpO2 values were significantly higher in the interventional group compared to the reference group (p = 0.029)
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