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Abstract 

Background:  Critically ill patients with obesity may have an increased risk of difficult intubation and subsequent 
severe hypoxemia. We hypothesized that pre-oxygenation with noninvasive ventilation before intubation as com‑
pared with high-flow nasal cannula oxygen may decrease the risk of severe hypoxemia in patients with obesity.

Methods:  Post hoc subgroup analysis of critically ill patients with obesity (body mass index ≥ 30 kg·m−2) from a 
multicenter randomized controlled trial comparing preoxygenation with noninvasive ventilation and high-flow nasal 
oxygen before intubation of patients with acute hypoxemic respiratory failure (PaO2/FiO2 < 300 mm Hg). The primary 
outcome was the occurrence of severe hypoxemia (pulse oximetry < 80%) during the intubation procedure.

Results:  Among the 313 patients included in the original trial, 91 (29%) had obesity with a mean body mass index of 
35 ± 5 kg·m−2. Patients with obesity were more likely to experience an episode of severe hypoxemia during intuba‑
tion procedure than patients without obesity: 34% (31/91) vs. 22% (49/222); difference, 12%; 95% CI 1 to 23%; P = 0.03. 
Among patients with obesity, 40 received preoxygenation with noninvasive ventilation and 51 with high-flow nasal 
oxygen. Severe hypoxemia occurred in 15 patients (37%) with noninvasive ventilation and 16 patients (31%) with 
high-flow nasal oxygen (difference, 6%; 95% CI − 13 to 25%; P = 0.54). The lowest pulse oximetry values during intuba‑
tion procedure were 87% [interquartile range, 77–93] with noninvasive ventilation and 86% [78–92] with high-flow 
nasal oxygen (P = 0.98). After multivariable analysis, factors independently associated with severe hypoxemia in 
patients with obesity were intubation difficulty scale > 5 points and respiratory primary failure as reason for admission.
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Background
The prevalence of obesity has dramatically increased 
around the world and can affect up to 20% of patients 
in intensive care units (ICUs) [1–3]. Complications 
during intubation procedure are particularly frequent 
in this population and may lead to severe hypoxemia 
episodes [3–6]. Cardiac arrest is the ultimate com-
plication of severe hypoxemia during intubation pro-
cedure occurring in 2–3% in ICU, and it is strongly 
related to hypoxemia, overweight and obesity [7, 8]. 
Lung function disorders, characterized by reduction 
in lung volumes and greater atelectasis formation, may 
explain the risk of severe hypoxemia in patients with 
obesity [4, 9–13].

Noninvasive ventilation and high-flow nasal can-
nula oxygen therapy are two oxygen supports largely 
used in ICUs to manage patients with hypoxemic 
respiratory failure or to prevent reintubation during 
the post-extubation period [14–19]. These two tech-
niques have been proposed as an alternative to stand-
ard oxygen preoxygenation using valve-bag mask to 
optimize preoxygenation before intubation of hypox-
emic patients in ICUs [20–28]. Noninvasive ventila-
tion and high-flow nasal oxygen provide a positive 
end-expiratory pressure (PEEP) and a higher fraction 
of inspired oxygen (FiO2) leading to better blood oxy-
genation than does standard oxygen [29–32]. In fact, 
noninvasive ventilation helps in higher oxygenation 
than high-flow nasal cannula oxygen probably favored 
by a higher PEEP effect [31, 33]. However, during intu-
bation procedure, high-flow nasal cannula oxygen may 
have an additional theoretical advantage, which is the 
maintenance of oxygenation during the apneic phase 
of intubation after anesthetic induction [34], thereby 
avoiding hypoxemia, whereas noninvasive ventilation 
is removed at this phase. Several studies in critically ill 
patients have shown that these two strategies of preox-
ygenation may improve oxygenation and prevent com-
plications (episodes of hypoxemia or cardiac events) 
during intubation procedure as compared to stand-
ard oxygen preoxygenation [23, 25, 27, 28]. A recent 

multicenter randomized controlled trial did not show 
any difference in risk of severe hypoxemia between 
preoxygenation with noninvasive ventilation and high-
flow nasal oxygen in critically ill patients with acute 
hypoxemic respiratory failure. However, preoxygena-
tion with noninvasive ventilation seemed to decrease 
this risk in moderate-to-severe hypoxemic patients 
[24]. From this large-scale clinical trial, we performed 
a post hoc analysis to determine whether critically ill 
patients with obesity had an increased risk of severe 
hypoxemia during intubation procedure and whether 
noninvasive ventilation as compared to high-flow 
nasal oxygen may prevent severe hypoxemia in this 
subgroup. Noninvasive ventilation may increase lung 
volumes thanks to positive pressure and improve oxy-
genation even more effectively than high-flow nasal 
oxygen [31], although the latter can provide apneic 
oxygenation. Therefore, we tested in a post hoc analy-
sis the hypothesis that pre-oxygenation with nonin-
vasive ventilation before intubation as compared with 
high-flow nasal oxygen may decrease the risk of severe 
hypoxemia in patients with obesity.

Method
Design of the study
This study is a post hoc subgroup analysis of a ran-
domized controlled trial conducted in 28 French 
ICUs, focusing on the subset of patients with obesity 
defined by a body mass index at least 30 kg·m−2 [24]. 
The original trial was approved by the independent 
ethics committee of Poitiers (CPP Ouest III, number 
2015-A00530) and registered at http://​www.​clini​caltr​
ials.​gov (NCT02668458). Written informed consent 
was obtained from all the patients, their next of kin, 
or another surrogate decision-maker as appropriate. 
According to French law, this secondary analysis of the 
original study did not need ethics approval.

Study population and preoxygenation strategies
In the original trial, patients requiring intubation for 
acute hypoxemic respiratory failure were randomly 
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assigned to receive preoxygenation by noninvasive 
ventilation or high-flow nasal oxygen for 3 to 5  min 
before intubation. All patients had a respiratory rate 
above 25 breaths per min and a PaO2/FiO2 ratio below 
or equal to 300 mm Hg at time of inclusion [24]. This 
post hoc study focused on the subgroup of patient 
with obesity defined by a body mass index at least 
30 kg m−2.

In the noninvasive ventilation group, preoxygena-
tion was carried out via a full-face mask connected 
to an ICU ventilator, set to pressure-support (PS) 
mode with a positive end-expiratory pressure (PEEP) 
of 5 cm H2O and FiO2 of 100%. Pressure support was 
adjusted to obtain an expired tidal volume between 
6 to 8  mL/kg of predicted bodyweight. Noninvasive 
ventilation provided oxygenation and ventilation dur-
ing preoxygenation and from induction up to laryngo-
scopy, but neither oxygenation nor ventilation during 
laryngoscopy.

In the high-flow nasal oxygen group, preoxygenation 
was delivered by continuous oxygen via binasal prongs, 
with an oxygen flow of 60  L/min through a heated 
humidifier (MR 850; Fisher & Paykel, Auckland, New 
Zealand) and FiO2 of 100%. Particular attention was 
paid to perform a jaw thrust so as to maintain patent 
upper airway and apneic oxygenation during laryngo-
scopy until the endotracheal tube was placed into the 
trachea. High-flow nasal oxygen therefore provided 
oxygenation and little ventilation during preoxygena-
tion and until tracheal intubation was completed.

A protocol of care for the intubation procedure 
was proposed [25], including at the beginning of the 
procedure the presence of two operators, systematic 
fluid loading in the absence of cardiogenic pulmo-
nary edema, then preoxygenation was conducted in 
a semi-recumbent position at 30° for 3–5  min with 
the technique assigned by randomization, followed 
by a rapid-sequence induction using etomidate (0.2–
0.3  mg/kg) or ketamine (1.5–3.0  mg/kg), combined 
with rocuronium (0.6–1.0  mg/kg) or succinylcholine 
(1.0  mg/kg). In cases of unsuccessful intubation, the 
following algorithm was proposed (with adaptations 
for local procedures): an introducer first (intubating 
stylet or Eschmann introducer), then videolaryngos-
copy, an intubation laryngeal mask airway, and finally 
fiberscopy and rescue percutaneous or surgical trache-
ostomy. After endotracheal intubation, patients were 
ventilated with the following settings: a tidal volume 
of 6 mL/kg of predicted bodyweight, a respiratory rate 
of 25–30 breaths per min, a positive end-expiratory 

pressure of 5  cm H2O, and a FiO2 set to maintain a 
pulse oximetry above 90%.

Study outcomes
The primary outcome was the occurrence of an epi-
sode of severe hypoxemia, defined by a decreased 
pulse oximetry below 80% for at least 5  s, during the 
interval between induction and 5  min after tracheal 
intubation. To ensure homogeneity of measurement 
quality of pulse oximetry among participating centers, 
dedicated portable pulse oximetry  monitors (Covi-
dien, Nelcor DS 100A) and single-patient-use digital 
sensors (Covidien, Max-A-I) were provided to all the 
participating centers. All values of pulse oximetry were 
recorded with a 1-Hz frequency from the beginning 
of preoxygenation to one hour after intubation and 
reviewed for subsequent analysis by a committee una-
ware of the study group.

Secondary outcomes included the value of pulse 
oximetry at the end of preoxygenation and the lowest 
value during intubation procedure. Other prespecified 
outcomes included Cormack grade [35], MACOCHA 
score [36], difficulty for intubation (> 2 laryngoscopic 
attempts to place the endotracheal tube into the tra-
chea or as lasting more than 10 min using conventional 
laryngoscopy)[37] and intubation difficulty scale [38].

Statistical analysis
The analyses were performed as follows: first, in the 
overall population of the original study, i.e., patients 
with and without obesity, we performed univariable 
analyses to compare their characteristics and then 
multivariable logistic regression analyses to determine 
independent variables (including obesity) associated 
with severe hypoxemia; and second in the subgroup of 
patients with obesity, we performed univariable anal-
yses to compare their characteristics and outcomes 
according to the strategy of preoxygenation, and mul-
tivariable logistic regression analyses to determine fac-
tors associated with severe hypoxemia in this subgroup 
of patients with obesity.

Continuous variables were expressed as 
mean ± standard deviation or median [interquartile 
range IQR, 25th to 75th percentiles] when appropriate. 
Qualitative variables were expressed as frequency and 
percentage.

Comparisons between patients with and without 
obesity and comparisons between preoxygenation with 
noninvasive ventilation or high-flow nasal oxygen in 
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patients with obesity were performed by means of the 
χ2 tests or Fisher exact test for categorical variables and 
Student’s t-test or Mann–Whitney test for continuous 
variables as appropriate. Variables independently asso-
ciated with severe hypoxemia in the overall popula-
tion and in the subgroup of patients with obesity were 
determined by means of multivariable logistic-regres-
sion analyses and results are given as odds ratio (OR) 
with 95% confidence interval (CI). A backward man-
ual selection procedure was performed for the maxi-
mal model using all factors associated with outcomes 
with a P value < 0.10. All interactions were tested. The 
final model included variables significantly associated 
with severe hypoxemia. A two-tailed p value of less 
than 0.05 was considered as statistically significant. All 
analyses were performed using SAS software, version 
9.2 (SAS Institute Cary, NC).

Results
Comparison between patients with and without obesity
Among the 313 patients included in the original trial, 
91 (29%) patients had obesity with a mean body mass 
index of 35 ± 5  kg·m−2. Patients with obesity had 
an increased risk of difficult intubation, as assessed 
by higher proportion of patients with MACOCHA 
score ≥ 3 or Cormack grade III or IV (Table 1). Patients 
with obesity were more likely to experience an episode 
of severe hypoxemia during intubation procedure than 
patients without obesity: 34% (31 out of 91 patients) vs. 
22% (49 out of 222) (difference, 12%; 95% CI 1 to 23%; 
P = 0.03) (Fig.  1). The minimal pulse oximetry value 
during intubation procedure was significantly lower in 
patients with obesity than in patients without obesity: 
86% in median [IQR, 77 to 93] versus 91% [IQR, 81 to 
96], P < 0.01 (Fig.  1). Similarly, pulse oximetry at the 
end of pre-oxygenation was lower in patients with obe-
sity than in patients without obesity (P = 0.04). There 
was no difference in immediate and late complications 
between patients with or without obesity. After mul-
tivariable logistic-regression analysis, the three factors 
independently associated with severe hypoxemia dur-
ing intubation procedure in overall population were 
obesity (OR 2.14; 95% CI 1.18 to 3.87; P = 0.012), intu-
bation difficulty scale > 5 points (OR 4.0; 95% CI 1.90 
to 8.76, P = 0.0003) and PaO2/FiO2 ratio at baseline 
(OR 0.99; 95% CI 0.98 to 0.99, P < 0.0001) (Additional 
file 1: Tables S1, S2).

Comparison between preoxygenation with noninvasive 
ventilation or high‑flow nasal oxygen in patients 
with obesity
Among the 91 patients with obesity, 40 patients 
received noninvasive ventilation during preoxygena-
tion and 51 patients received high-flow nasal oxy-
gen. Characteristics of the patients at baseline did 
not differ between the two groups (Table  2). Preoxy-
genation lasted 4  min in median [IQR, 4 to 5] with 
noninvasive ventilation and 4  min [IQR, 4 to 5] with 
high-flow nasal oxygen (P = 0.82). The ventilator set-
tings with noninvasive ventilation were a PS level of 
9 ± 4  cm H2O, PEEP of 5 ± 0.5  cm of H2O, and FiO2 
of 0.99 ± 0.06, resulting in an expired tidal volume of 
7.9 ml ± 2.5 ml/kg of predicted body weight. High-flow 
nasal oxygen was delivered with a gas flow of 58 ± 9 L/
min with FiO2 of 0.99 ± 0.08. Preoxygenation was dis-
continued in one patient during preoxygenation with 
high-flow nasal oxygen due to severe hypoxemia dur-
ing the procedure, while preoxygenation with noninva-
sive ventilation was not discontinued.

Primary outcome: episodes of severe hypoxemia
Severe hypoxemia occurred in 15 of 40 patients (37%) 
after pre-oxygenation with noninvasive ventilation and 
16 of 51 patients (31%) with high-flow nasal oxygen 
(difference, 6%; 95% CI − 13 to 25%; P = 0.54) (Table 3, 
Fig. 2).

Secondary outcomes
Lowest pulse oximetry values during intubation pro-
cedure were 87% [IQR, 77 to 93] after preoxygenation 
with noninvasive ventilation and 86% [IQR, 78 to 92] 
with high-flow nasal oxygen (P = 0.98). Pulse oximetry 
at the end of preoxygenation, duration of laryngoscopy 
or procedure of intubation did not differ between the 
two groups (Table 3, Fig. 2).

Factors associated with severe hypoxemia in patients 
with obesity
After univariable analysis, the three factors signifi-
cantly associated with severe hypoxemia in patients 
with obesity were intubation difficulty scale > 5 points, 
respiratory primary failure as reason for admission, 
and PaO2/FiO2 ratio at randomization (Additional 
file  1: Table  S3). After multivariable logistic regres-
sion analysis with a maximal model forced with strat-
egy of preoxygenation, the two factors independently 



Page 5 of 14Rodriguez et al. Ann. Intensive Care          (2021) 11:114 	

Table 1  Baseline characteristics of the intention-to-treat population according to obese status

Obese patients with 
obesity (n = 91)

Non-obese patients without 
obesity (n = 222)

P value

Characteristics of the patients

 Age, year, mean ± SD 66 ± 14 63 ± 14 0.13

 Male sex, n (%) 64 (70) 148 (67) 0.53

 Body mass index,a kg·m−2, mean ± SD 35 ± 5 24 ± 3 < 0.0001

 SAPS IIb, point, mean ± SD 49 ± 19 52 ± 19 0.20

Reason for ICU admission 0.14

 Respiratory primary failure, n (%)

  Respiratory infection 28 (31) 82 (37)

  COPD exacerbation 8 (9) 8 (4)

  Extra-pulmonary ARDS 3 (3) 3 (1)

  Pulmonary atelectasis 2 (2) 2 (1)

  Other 6 (7) 27 (12)

 Non-respiratory primary failure, n (%)

  Shock 19 (21) 47 (21)

  Cardiogenic pulmonary edema 4 (4) 13 (6)

  Neurologic 7 (8) 6 (3)

  Other 12 (13) 24 (11)

 Post-operative, n (%) 2 (2) 10 (4)

Clinical characteristics

 Oxygen device the last hour before inclusion, n (%) 0.48

  Standard oxygen 38 (42) 98 (44)

  High-flow nasal cannula oxygen 28 (31) 77 (35)

  Non-invasive ventilation 25 (27) 47 (21)

 Vasopressor support at inclusion, n (%) 19 (21) 43 (19) 0.76

 Bilateral pulmonary infiltrates, n (%) 54 (71) 140 (73) 0.71

 Respiratory variables

  Respiratory rate, breaths·min, mean ± SD 30 ± 7 31 ± 8 0.50

  PaO2/FIO2 ratio, mm Hg, mean ± SD 152 ± 65 142 ± 68 0.26

 MACOCHA score,
c n (%) 0.003

  < 3 68 (75) 195 (88)

  ≥ 3 23 (25) 26 (12)

 Cormack III or IV,d n (%) 15 (16) 14 (6) 0.005

Outcomes

 SpO2 < 80% during intubation procedure, n (%) 31 (34) 49 (22) 0.03

 Lowest SpO2 during intubation procedure, %, median (IQR) 86 (77- 93) 91 (81–96) 0.002

 SpO2 at the beginning of preoxygenation, %, median (IQR) 96 (92–98) 95 (92–99) 0.82

 SpO2 at the end of preoxygenation, %, median (IQR) 99 (97–100) 100 (98–100) 0.04

 Intubation Difficulty Scale,e n (%) 0.29

  ≤ 5 75 (85) 196 (89)

  > 5 13 (15) 23 (11)

Immediate complications, n (%)

 Hypotension 41 (45) 115 (52) 0.28

 Sustained cardiac arrhythmia 0 6 (3) 0.19

 Bradycardia or cardiac arrest during and after intubation 5 (5) 6 (3) 0.22

 Esophageal intubation 6 (7) 8 (4) 0.24

 Regurgitation 0 2 (1) 0.99

 Gastric distension 3 (3) 14 (6) 0.26

 Dental injury 0 (0) 1 (0) 0.99

 Agitation 0 (0) 1 (0) 0.99
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associated with severe hypoxemia were intubation 
difficulty scale > 5 points (OR 7.9; 95% CI 1.9 to 33.6; 
P = 0.005) and respiratory primary failure as reason 
for admission (OR 5.8; 95% CI 1.9 to 17.5; P = 0.002) 
(Additional file 1: Table S4).

Discussion
This post hoc analysis showed that obesity was an 
independent factor associated with severe hypoxemia 
during intubation procedure of patients with acute 
respiratory failure (defined as a PaO2/FiO2 ratio equal 
or below 300  mm Hg) requiring intubation in ICU. 
In the subgroup of patients with obesity (defined as a 
BMI at least 30  kg/m2), preoxygenation using nonin-
vasive ventilation did not seem to decrease this risk 
of severe hypoxemia compared with preoxygenation 
using high-flow nasal oxygen. However, an intubation 
difficulty scale score above 5 points, i.e., difficulties 
during intubation, and respiratory failure as reason for 
ICU admission were the two factors strongly associ-
ated with increased risk of severe hypoxemia during 
intubation procedure in patients with obesity.

Risk of severe hypoxemia in patients with obesity
Observational studies conducted in operating room 
reported that patients with obesity as compared 
patients without obesity had a reduced time to desatu-
ration (pulse oximetry < 90%) inversely proportional 
to body mass index [11]. Critically ill patients with 
obesity have a higher rate of severe hypoxemia (pulse 
oximetry < 80%) during intubation procedure reaching 
17% vs. 0% in patients with obesity intubated in oper-
ating room as reported in a large-scale observational 
study [4]. Hypoxemia in obesity may be explained by 
a reduced ventilation–perfusion ratio due to atelecta-
sis, especially during general anesthesia [39, 40], which 
leads to subsequent reduction in functional residual 
capacity [9]. This is initiated by two mechanisms the 
supine position and compression atelectasis caused by 
an increased intra-abdominal pressure and leading to 
compression of the thoracic cavity and airway closure 
[41]. As a result, the increased physiologic dead space 
causes shunting of blood through non-ventilated lung 
tissue, subsequently increased venous admixture and 
finally hypoxemia [42]. Aside from these physiological 
abnormalities, the phenomenon of atelectasis forma-
tion can be aggravated by the use of high fraction of 
inspired oxygen, resulting in absorption atelectasis, as 
is the case during the intubation procedure, and can 

COPD chronic obstructive pulmonary disease, ARDS acute respiratory distress syndrome, SpO2 pulse oximetry, SD standard deviation, SOFA Sepsis-related Organ 
Failure Assessment, ICU intensive care unit
a The body mass index is the weight in kilograms divided by the square of the height in meters
b The Simplified Acute Physiology Score (SAPS) II is calculated from 17 variables at inclusion, information about previous health status, and from information obtained 
at admission. Scores can range from 0 to 163, with higher scores indicating more severe disease
c MACOCHA is calculated from 7 variables including Mallampati score III or IV, apnea syndrome, cervical spine limitation, opening mouth less than 3 cm, coma, 
hypoxia, non-trained operator. Score range from 0 to 12 points, with higher scores indicating risk of difficult intubation
d Cormack grade III, if no part of the glottis can be seen, but only the epiglottis, grade IV, if not even the epiglottis can be exposed
e The Intubation Difficulty Scale denotes the Intubation Difficulty Scale score, 0 easy, 0 to 5 slight difficulty, > 5 moderate to major difficulty for intubation

Table 1  (continued)

Obese patients with 
obesity (n = 91)

Non-obese patients without 
obesity (n = 222)

P value

 New infiltrate on chest-ray after intubation 14 (18) 47 (25) 0.20

Late outcomes

 Ventilator-associated pneumonia during ICU stay, n (%) 22 (24) 44 (20) 0.39

 Death at day 28 36 (40) 75 (34) 0.33

 SOFA score at Day 1, points, mean ± SD 9 ± 4 8 ± 4 0.19

 SOFA score at Day 7, points, mean ± SD 6 ± 4 5 ± 3 0.48

 Duration of mechanical ventilation, days, median (IQR) 9 (5–17) 7 (4–16) 0.46

 Ventilator-free day at day 28, median (IQR) 5 (0–19) 8 (0–22) 0.26

 ICU length of stay, days, median (IQR) 11 (6–20) 10 (6–17) 0.27

Fig. 1  A Rates of severe hypoxemia during intubation procedure after preoxygenation using noninvasive ventilation or high-flow nasal cannula 
oxygen therapy in patients with obesity (grey bar) and without obesity (dark bar). B Lowest individual pulse oximetry values during intubation 
procedure after preoxygenation using noninvasive ventilation or high-flow nasal cannula oxygen therapy in patients with obesity (grey points) and 
without obesity (dark points)

(See figure on next page.)
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Fig. 1  (See legend on previous page.)
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thereby enhance the risk of severe hypoxemia [43]. 
Moreover, difficult intubation occurring in around 
15% of critically ill patients with obesity [3, 5] may 
also contribute to severe hypoxemia [4]. In our study, 
we observed similar rates of difficult intubation in the 
subgroup of patients with obesity, as assessed by an 
intubation difficulty scale score above 5 points [38]. 
However, the rate of severe hypoxemia was higher, 
a finding explained by the inclusion of patients with 

obesity with acute hypoxemic respiratory failure and 
accurate offline analysis of pulse oximetry recordings 
throughout the intubation procedure, which may have 
identified otherwise unrecognized events.

Efficacy of preoxygenation strategies
In operating rooms, noninvasive ventilation and high-
flow nasal oxygen have been evaluated in patients 
with obesity as alternative strategies to standard 

Table 2  Baseline characteristics of obese patients with obesity according to the strategy of preoxygenation

COPD chronic obstructive pulmonary disease, SD standard deviation
a The body mass index is the weight in kilograms divided by the square of the height in meters
b The Simplified Acute Physiology Score (SAPS) II is calculated from 17 variables at inclusion, information about previous health status, and from information obtained 
at admission. Scores can range from 0 to 163, with higher scores indicating more severe disease
c MACOCHA is calculated from 7 variables including Mallampati score III or IV, apnoea syndrome, cervical spine limitation, opening mouth less than 3 cm, coma, 
hypoxia, non-trained operator. Score range from 0 to 12 points, with higher scores indicating risk of difficult intubation
d Cormack grade III, if no part of the glottis can be seen, but only the epiglottis, grade IV, if not even the epiglottis can be exposed

Non-invasive ventilation 
(n = 40)

High-flow nasal cannula oxygen 
(n = 51)

P value

Demographic characteristics

 Age, year, mean ± SD 66 ± 12 66 ± 16 0.85

 Male sex, n (%) 29 (73) 35 (69) 0.69

 Body mass index,a kg·m−2, mean ± SD 35 ± 5 34 ± 4 0.28

 SAPS IIb, point, mean ± SD 50 ± 21 49 ± 17 0.86

Reason for ICU admission 0.98

 Respiratory primary failure, n (%)

  Respiratory infection 12 16

  COPD exacerbation 4 4

  Extra-pulmonary ARDS 2 1

  Pulmonary atelectasis 1 1

  Other 3 3

 Non-respiratory primary failure, n (%)

  Shock 8 11

  Cardiogenic pulmonary edema 1 3

  Neurologic 4 3

  Other 4 8

 Post-operative, n (%) 1 1

Clinical characteristics

 Oxygen device the last hour before inclusion, n (%) 0.17

  Standard oxygen 19 (47) 19 (37)

  High-flow nasal cannula oxygen 14 (35) 14 (27)

  Non-invasive ventilation 7 (18) 18 (35)

 Vasopressor support at inclusion, n (%) 7 (18) 12 (24) 0.48

 Bilateral pulmonary infiltrates, n (%) 22 (65) 32 (76) 0.27

 Respiratory variables

  Respiratory rate, breaths/min 30 ± 7 30 ± 8 0.71

  PaO2/FIO2 ratio, mm Hg 149 ± 65 154 ± 66 0.72

  MACOCHA score, c n (%) 0.36

   < 3 28 (70) 40 (78)

   ≥ 3 12 (30) 11 (22)

  Cormack III or IV, d n (%) (1, 2)9 (23) 6 (12) 0.17
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preoxygenation using valve-bag mask, with the aim 
of optimizing intubation procedure [44–48]. In 27 
patients with morbid obesity, noninvasive ventilation 
set with a PEEP of 10 cm H2O resulted in an approxi-
mately 50% increase of oxygenation level and apnea 
time [46]. Another physiological study conducted in 66 
patients with morbid obesity showed that in addition 
to increase oxygenation, noninvasive ventilation with 
a 6–8 cm H2O PEEP level, improved lung volumes or 
alveolar recruitment [44]. Likewise, PEEP application 
prevented atelectasis formation as compared to pre-
oxygenation with PS without PEEP [39]. Indeed, PEEP 
contributes to increase functional residual capacity, 
which is the main oxygen store of the body, and this 
factor may explain its superiority to standard preoxy-
genation using valve-bag mask.

High-flow nasal oxygen also helps to improve intu-
bation procedure in operating rooms. A randomized 
controlled study including 40 patients with obesity 
showed that preoxygenation with high-flow nasal 
oxygen as compared to valve-bag mask resulted in 
higher minimal value of pulse oximetry during the 
procedure and increased apnea time of 40% before 

desaturation [48]. Therefore, high-flow nasal oxygen 
has rapid effects similar to noninvasive ventilation 
thanks to PEEP effect [30, 32], in a lower magnitude 
[31], and also the ability to provide high inspired frac-
tion of oxygen [29, 49]. However, the main expected 
physiological effect during preoxygenation with high-
flow nasal oxygen is apneic oxygenation, which is par-
ticularly relevant in patients with obesity [34, 50, 51]. 
High-flow nasal oxygen can provide oxygenation dur-
ing the preoxygenation phase and from induction to 
tracheal intubation, thereby leading to higher efficacy 
during an intubation procedure as compared to stand-
ard preoxygenation.

To date, only one randomized, controlled trial 
including 100 patients with obesity has compared 
preoxygenation with high-flow nasal oxygen and non-
invasive ventilation before intubation in operating 
room. The results were in favor of noninvasive venti-
lation with better oxygenation and fewer episodes of 
hypoxemia [52]. In critically ill patients with obesity, 
data on effects of preoxygenation strategies are very 
scarce. However, noninvasive ventilation [24, 27, 28] or 

Table 3  Primary and secondary outcomes in obese patients with obesity according to the strategy of preoxygenation

a The Intubation Difficulty Scale denotes the Intubation Difficulty Scale score, 0 easy, 0 to 5 slight difficulty, > 5 moderate to major difficulty for intubation

SpO2 pulse oximetry, IQR interquartile range

Non-invasive ventilation 
(n = 40)

High-flow nasal cannula 
oxygen (n = 51)

P value

Outcomes

 SpO2 < 80% during intubation procedure, n (%) 15 (37) 16 (31) 0.54

 Lowest SpO2 during intubation procedure, median (IQR) 87 (77–93) 86 (78–92) 0.98

 SpO2 at the beginning of preoxygenation, %, median (IQR) 94 (92–99) 96 (93–99) 0.25

 SpO2 at the end of preoxygenation, %, median (IQR) 99 (98–100) 99 (96–100) 0.26

Procedure of tracheal intubation, n (%)

 Duration of laryngoscopy, n (%) 0.98

  < 1 min 24 (62) 31 (61)

  1 to 3 min 10 (26) 14 (27)

  > 3 min 5 (13) 6 (12)

 Number of laryngoscopy attempt 0.90

  One 30 (75) 38 (79)

  Two 8 (20) 8 (17)

  Three or more, or > 10 min 2 (5) 2 (4)

 First junior operator 10 (25) 12 (24) 0.87

 Intervention of another skilled operator 14 (35) 12 (23) 0.23

 Use of alternative management devices 7 8 0.81

  Introducer 6 (15) 8 (16)

  Other 1 (3) 0

 Intubation Difficulty Scale,a n (%) 0.35

  ≤ 5 30 (81) 45 (88)

  > 5 7 (19) 6 (12)
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positive pressure [53] applied during preoxygenation 
in unselected patients with acute hypoxemic respira-
tory failure seems to be more beneficial as compared 
to standard oxygen or high-flow nasal oxygen in terms 
of minimal pulse oximetry or occurrence of severe 
hypoxemia during intubation procedure.

Although our original trial showed benefits of non-
invasive ventilation as compared to high-flow nasal 
oxygen during preoxygenation in moderate-to-severe 
hypoxemic patients [24], the present post hoc analy-
sis did not find any difference between noninvasive 
ventilation and high-flow nasal oxygen in the subset 
of patients with obesity and acute hypoxemic respira-
tory failure. There are several potential explanations 
for these discrepancies between results in operating 
room and those in critically ill patients. First, previ-
ous studies conducted in operating rooms included 
patients with obesity without acute respiratory failure 
or hypoxemia. In patients with primary respiratory 
failure as reason for intubation, provision of oxygen by 
noninvasive ventilation or high-flow nasal oxygen was 
insufficient to avert intubation and improve hypox-
emia, which meant that continuing noninvasive venti-
lation or high-flow nasal oxygen might be expected to 
be similarly ineffective.

Second, patients may have benefited from apneic 
oxygenation with high-flow nasal oxygen but not with 
noninvasive ventilation, and patients receiving non-
invasive ventilation might have experienced longer 
apnea between onset of muscle relaxation and intuba-
tion than patients receiving high-flow nasal oxygen. 
This prolonged apnea could have hastened desatura-
tion during intubation after noninvasive ventilation. 
During this same time, apneic oxygenation in patients 
receiving high-flow oxygen could have delayed desatu-
ration and offset the benefit of noninvasive ventilation. 
At last, the PEEP level applied in our study, around 
5  cm of H2O, could be inadequate to enable alveolar 
recruitment in a population of patients with obesity 
and an underlying lung disease [44, 46]. Indeed, apply-
ing higher PEEP levels, up to 12  cm H2O, has been 
shown to be feasible and well tolerated in critically ill 

patients with acute hypoxemic respiratory failure [54, 
55]. However, this has been carried out with helmet 
NIV, which may avoid leakage and improve tolerance 
[56]. An alternative to reduce leakage with noninva-
sive ventilation through face mask by applying high 
PEEP levels, could be to set pressure support at the 
minimum level. Although a low level of PEEP has been 
shown to prevent atelectasis formation in patients 
scheduled for elective surgery [39], a physiological 
study showed that a higher PEEP level of at least of 
10 cm of H2O through NIV with face mask was neces-
sary and more efficient than 5  cm H2O as a mean of 
obtaining alveolar recruitment in obese patients [57]. 
Obviously, this way of applying noninvasive ventila-
tion with a higher level of PEEP during preoxygenation 
needs to be confirmed by clinical studies, especially in 
critically ill patients with obesity and acute hypoxemic 
respiratory failure.

Clinical implications and limitations
The main limitations of our study were the post hoc 
nature of the analysis and the small numbers of 
patients in each subgroup, which could lead to a lack 
of power to detect subgroup effects. However, the 
characteristics of patients were similar in both groups 
and rates of difficulty during intubation were similar to 
those previously reported [4, 10]. Second, a strategy of 
preoxygenation with valve-bag mask was not consid-
ered in the original study, given the results of previous 
studies showing superiority of high-flow nasal oxygen 
[23, 26], which has been also reported in operating 
room for patients with obesity [47, 48].

Conclusion
In summary, patients with obesity and acute hypox-
emic respiratory failure have a higher risk of severe 
hypoxemia during intubation procedure as compared 
to patients without obesity, but preoxygenation with 
noninvasive ventilation may not reduce this risk com-
pared with high-flow nasal oxygen therapy.

(See figure on next page.)
Fig. 2  A Rates of severe hypoxemia during intubation procedure in patients with obesity after preoxygenation with non-invasive ventilation 
(grey bar) and high-flow nasal cannula oxygen therapy (dark bar). B Lowest individual pulse oximetry values during intubation procedure after 
preoxygenation with noninvasive ventilation (grey points) and high-flow nasal cannula oxygen therapy (dark points) in patients with obesity
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Fig. 2  (See legend on previous page.)



Page 12 of 14Rodriguez et al. Ann. Intensive Care          (2021) 11:114 

Abbreviations
ICU: Intensive care unit; PEEP: Positive end-expiratory pressure; FiO2: 
Fraction of inspired oxygen; PaO2: Partial pressure of arterial oxygen; PS: 
Pressure support; IQR: Interquartile range.

Supplementary Information
The online version contains supplementary material available at https://​
doi.​org/​10.​1186/​s13613-​021-​00892-8.

Additional file 1: Table S1. Comparison of characteristics in patients with 
and without severe hypoxemia during intubation procedure. Table S2. 
Multivariable logistic regression analyses of factors associated with 
severe hypoxemia during intubation procedure. Table S3. Comparison 
of Characteristics in Patients with Obesity and Severe Hypoxemia during 
Intubation Procedure. Table S4. Multivariable logistic regression analyses 
of factors associated with severe hypoxemia during intubation procedure 
in patients with obesity.

Acknowledgements
We would like to thank Jeffrey Arsham for reviewing and editing the original 
English-language manuscript and all the co-investigators: Delphine Chatellier, 
Florence Boissier, Anne Veinstein, René Robert, Claire Dahyot-Fizelier (CHU de 
Poitiers); Auguste Dargent, Audrey Large, (CHU de Dijon); Emmanuelle Begot, 
Claire Mancia (CHU de Limoges); Maxence Decavele, Martin Dres (Groupe 
Hospitalier Universitaire Pitié-Salpétrière, Paris); Samuel Lehingue, Laurent 
Papazian (CHU de Marseille); Marine Paul, Nathalie Marin (Groupe Hospitalier 
Universitaire Cochin, Paris); Matthieu Le Meur, Mohammed Laissy (Assistance 
Publique des Hôpitaux de Paris, Hôpital Louis Mourier, Colombes); Anahita 
Rouzé (CHRU de Lille); Matthieu Henry-Lagarrigue, Aihem Yehia (CHD de 
La Roche sur Yon); Frédéric Martino (CHU de la Pointe à Pitre); Charles Cerf 
(Hôpital Foch, Suresnes); Pierre Bailly (CHU de Brest); Julie Helms (CHU de 
Strasbourg); Jean Baptiste Putegnat (CH Saint de Luc de Lyon); Keyvan Razazi 
(Assistance Publique des Hôpitaux de Paris, CHU Henri Mondor, Créteil); 
Thierry Boulain (CHR Orléans); Pierre Asfar (CHU d’Angers); Séverin Cabasson 
(Centre Hospitalier La Rochelle); Florent Wallet (CHU Lyon Sud); Kada Klouche 
(CHU de Montpellier); Frédéric Bellec (CH de Montauban).

Authors’ contributions
MR, JPF, AWT, JDR have made substantial contributions to the conception, 
design of the work, the acquisition, interpretation of data; have drafted the 
work and approved the submitted version; have agreed both to be personally 
accountable for the author’s own contributions and to ensure that questions 
related to the accuracy or integrity of any part of the work, even ones in 
which the author was not personally involved, are appropriately investigated, 
resolved, and the resolution documented in the literature. SR has made 
substantial contributions to the conception of the work, the analysis, inter‑
pretation of data and has approved the submitted version. RC, JPQ, PV, JMF, 
AD, JPM, SN, GC,BP, PED, JD, GP, HM, FP, EV, AMD, MAN, PA, JD, LA, SE, MF, CG, 
RR have substantively revised the draft and approved the submitted version; 
agreed both to be personally accountable for the author’s own contributions 
and to ensure that questions related to the accuracy or integrity of any part 
of the work, even ones in which the author was not personally involved, are 
appropriately investigated, resolved, and the resolution documented in the 
literature. All authors read and approved the final manuscript.

Funding
Financial support was provided by the “Programme Hospitalier de 
Recherche Clinique National” 2015 of the French Ministry of Health (ID-RCB 
2015-A00530-49).
The firm “Fisher & Paykel Healthcare” provided the equipment for some of the 
participating centers.

Availability of data and materials
The datasets analyzed during the current study are available from the cor‑
responding author on reasonable request and after submission to the scientist 
committee of the study.

Declarations

Ethics approval and consent to participate
The study original trial was approved by the independent ethics committee of 
Poitiers (CPP Ouest III, number number2015-A00530) and registered at http://​
www.​clini​caltr​ials.​gov (NCT02668458).According to French law, this secondary 
analysis of the original study did not need ethics approval.

Competing interests
JPF reports grants, personal fees and non-financial support from the “Fisher & 
Paykel HealthCare” firm, during the conduct of the original study; personal fees 
and non-financial support from SOS oxygène, outside the submitted work.AD 
reports personal fees from Medtronic, grants, personal fees and non-financial 
support from Philips, personal fees from Baxter, personal fees from Hamilton, 
personal fees and non-financial support from Fisher & Paykel, grants from 
French Ministry of Health, personal fees from Getinge, grants and personal 
fees from Respinor, grants and non-financial support from Lungpacer, outside 
the submitted work.CG reports non-financial support and other from Fisher & 
Paykel Healthcare, during the conduct of the study; personal fees from Fisher 
& Paykel Healthcare, outside the submitted work.JDR reports coverage by 
Fisher & Paykel Healthcare of expenses to attend scientific meetings.RC reports 
non-financial support from MSD, outside the submitted work.RR reports non-
financial support from Fresenius Medical Care, from Baxter Gambro, outside 
the submitted work.AWT reports personal fees and non-financial support from 
Fisher & Paykel.SE reports personal consulting fees, speaker fees and research 
support from Aerogen Ltd and speaker fees and research support from Fisher 
& Paykel.The other authors declared no conflicts of interest.

Author details
1 Médecine Intensive Réanimation, CHU de Poitiers, Poitiers, France. 2 INSERM, 
CIC‑1402 ALIVE, University of Poitiers, Poitiers, France. 3 INSERM, CIC‑1402, 
Biostatistics, Université de Poitiers, Faculté de Médecine Et de Pharmacie de 
Poitiers, Poitiers, France. 4 Service de Médecine Intensive Réanimation, CHU 
Dijon Bourgogne, Dijon, France. 5 Université Bourgogne Franche-Comté 
Lipness Team UMR 1231 Et INSERM CIC 1432 Epidémiologie Clinique, Dijon, 
France. 6 Réanimation Polyvalente, CHU Dupuytren, 87042 Limoges, France. 
7 Clinical Investigation Centre INSERM 1435, 87042 Limoges, France. 8 Médecine 
Intensive Réanimation Détresses Respiratoires Et Infection Sévères, AP‑HM, 
CHU Nord and CEReSS ‑ Center for Studies and Research On Health Services 
and Quality of Life EA3279, Aix-Marseille University, Marseille, France. 9 AP-HP 
6, Groupe Hospitalier Pitié-Salpêtrière Charles Foix, Service de Pneumolo‑
gie Et Réanimation Médicale du Département R3S, Paris, France. 10 INSERM, 
UMRS1158 Neurophysiologie Respiratoire Expérimentale Et Clinique, Sor‑
bonne Université, Paris, France. 11 Assistance Publique des Hôpitaux de Paris, 
Groupe Hospitalier Universitaire de Paris Centre, Hôpital Cochin, Réanimation 
médicale, Paris, France. 12 Faculté de Médecine, Université Paris Descartes, Paris, 
France. 13 AP‑HP, Hôpital Louis Mourier, Service de Réanimation Médico-Chi‑
rurgicale, 92700 Colombes, France. 14 UMR IAME 1137, Université Paris Diderot, 
Sorbonne Paris Cité, 75018 Paris, France. 15 INSERM, IAME 1137, 75018 Paris, 
France. 16 Médecine Intensive‑Réanimation, CHU de Lille, Inserm U1285, Univ. 
Lille, CNRS, UMR 8576 - UGSF - Unité de Glycobiologie Structurale Et Fonction‑
nelle, 59000 Lille, France. 17 Centre Hospitalier Départemental de La Roche Sur 
Yon, Service de Réanimation Polyvalente, La Roche sur Yon, France. 18 Service 
de Réanimation, CHU Point-À-Pitre, Pointe‑à‑Pitre, Guadeloupe, France. 
19 Réanimation Chirurgicale, CHU de Nice, Nice, France. 20 INSERM U1065, 
team 8, C3M, Nice, France. 21 Réanimation polyvalente, Hôpital Foch, Suresnes, 
France. 22 Service de Réanimation Médicale, CHU de La Cavale Blanche, Brest, 
France. 23 Faculté de Médecine, Hôpitaux universitaires de Strasbourg, Service 
de Médecine Intensive‑Réanimation, Nouvel Hôpital Civil, Université de 
Strasbourg (UNISTRA), Strasbourg, France. 24 INSERM (French National Institute 
of Health and Medical Research), UMR 1260, Regenerative Nanomedicine 
(RNM), FMTS, Strasbourg, France. 25 Réanimation Chirurgicale, CHU de Poitiers, 
Poitiers, France. 26 Service de Réanimation Polyvalente, Centre Hospitalier Saint 
Joseph-Saint Luc, Lyon, France. 27 Assistance Publique des Hôpitaux de Paris, 
CHU Henri Mondor, DHU A-TVB, Service Médecine Intensive Réanimation 
Médicale, 94010 Créteil, France. 28 Faculté de Médecine de Créteil, Groupe de 
Recherche Clinique CARMAS, Université Paris Est Créteil, 94010 Créteil, France. 
29 INSERM, Unité UMR 955, IMRB, 94010 Créteil, France. 30 Service de Médecine 
Intensive Réanimation, Centre Hospitalier Régional D’Orléans, Orléans, 

https://doi.org/10.1186/s13613-021-00892-8
https://doi.org/10.1186/s13613-021-00892-8
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov


Page 13 of 14Rodriguez et al. Ann. Intensive Care          (2021) 11:114 	

France. 31 Département de Médecine Intensive‑Réanimation, CHU D’Angers, 
Angers, France. 32 Médecine Intensive Réanimation, CHU de Nice, Nice, 
France. 33 UR2CA, Université Cote D’Azur, Nice, France. 34 Service de Réanima‑
tion Médicale, Hospices Civils de Lyon, Groupement Hospitalier Universitaire 
Edouard Herriot, 69003 Lyon, France. 35 CHRU de Tours, Médecine Intensive 
Réanimation, CIC1415,, CRICS-TriggerSEP Research Network, Tours, France. 
36 Centre D’Etudes Des Pathologies Respiratoires, INSERM U1100, Université 
de Tours, Tours, France. 37 Assistance Publique – Hôpitaux de Paris, Hôpital 
Tenon, Service de Médecine Intensive Réanimation, Sorbonne Université, 
75020 Paris, France. 38 CHU de Rouen, Normandie Univ, UNIROUEN, Depart‑
ment of Medical Intensive Care, Charles Nicolle University, Hospital, Rouen, 
France. 39 EA3830‑GRHV, Institute for Research and Innovation in Biomedicine 
(IRIB), Rouen University, 76000 Rouen, France. 

Received: 3 May 2021   Accepted: 21 June 2021

References
	1.	 WHO. WHO: Global obesity epidemiology. https://​www.​who.​int/​gho/​

ncd/​risk_​facto​rs/​overw​eight/​en/. Accessed 29 Apr 2020.
	2.	 Schetz M, De Jong A, Deane AM, Druml W, Hemelaar P, Pelosi P, Pickkers P, 

Reintam-Blaser A, Roberts J, Sakr Y, et al. Obesity in the critically ill: a narra‑
tive review. Intensive Care Med. 2019;45(6):757–69.

	3.	 Frat JP, Gissot V, Ragot S, Desachy A, Runge I, Lebert C, Robert R. Impact of 
obesity in mechanically ventilated patients: a prospective study. Intensive 
Care Med. 2008;34(11):1991–8.

	4.	 De Jong A, Molinari N, Pouzeratte Y, Verzilli D, Chanques G, Jung B, Futier 
E, Perrigault PF, Colson P, Capdevila X, et al. Difficult intubation in obese 
patients: incidence, risk factors, and complications in the operating 
theatre and in intensive care units. Br J Anaesth. 2015;114(2):297–306.

	5.	 Selim BJ, Ramar K, Surani S. Obesity in the intensive care unit: risks and 
complications. Hosp Pract (1995). 2016;44(3):146–56.

	6.	 Mort TC. Emergency tracheal intubation: complications associated with 
repeated laryngoscopic attempts. Anesth Analg. 2004;99(2):607–13 
(table of contents).

	7.	 De Jong A, Rolle A, Molinari N, Paugam-Burtz C, Constantin JM, Lefrant 
JY, Asehnoune K, Jung B, Futier E, Chanques G, et al. Cardiac arrest and 
mortality related to intubation procedure in critically ill adult patients: a 
multicenter cohort study. Crit Care Med. 2017;46:532–9.

	8.	 Mort TC. The incidence and risk factors for cardiac arrest during emer‑
gency tracheal intubation: a justification for incorporating the ASA 
Guidelines in the remote location. J Clin Anesth. 2004;16(7):508–16.

	9.	 Ray CS, Sue DY, Bray G, Hansen JE, Wasserman K. Effects of obesity on 
respiratory function. Am Rev Respir Dis. 1983;128(3):501–6.

	10.	 Juvin P, Lavaut E, Dupont H, Lefevre P, Demetriou M, Dumoulin JL, Des‑
monts JM. Difficult tracheal intubation is more common in obese than in 
lean patients. Anesth Analg. 2003;97(2):595–600 (table of contents).

	11.	 Jense HG, Dubin SA, Silverstein PI, O’Leary-Escolas U. Effect of obesity 
on safe duration of apnea in anesthetized humans. Anesth Analg. 
1991;72(1):89–93.

	12.	 Hedenstierna G, Tokics L, Reinius H, Rothen HU, Östberg E, Öhrvik J. 
Higher age and obesity limit atelectasis formation during anaesthesia: 
an analysis of computed tomography data in 243 subjects. Br J Anaesth. 
2020;124(3):336–44.

	13.	 Eichenberger A, Proietti S, Wicky S, Frascarolo P, Suter M, Spahn DR, 
Magnusson L. Morbid obesity and postoperative pulmonary atelectasis: 
an underestimated problem. Anesth Analg. 2002;95(6):1788–92 (table of 
contents).

	14.	 Frat JP, Thille AW, Mercat A, Girault C, Ragot S, Perbet S, Prat G, Bou‑
lain T, Morawiec E, Cottereau A, et al. High-flow oxygen through 
nasal cannula in acute hypoxemic respiratory failure. N Engl J Med. 
2015;372(23):2185–96.

	15.	 Frat JP, Marie D, Thille AW. Acute respiratory failure: nonintubation assist 
methods for the acutely deteriorating patient. Curr Opin Crit Care. 
2019;25(6):591–6.

	16.	 Thille AW, Muller G, Gacouin A, Coudroy R, Decavele M, Sonneville R, 
Beloncle F, Girault C, Dangers L, Lautrette A, et al. Effect of postextubation 
high-flow nasal oxygen with noninvasive ventilation vs high-flow nasal 

oxygen alone on reintubation among patients at high risk of extubation 
failure: a randomized clinical trial. JAMA. 2019;322(15):1465–75.

	17.	 Hernandez G, Vaquero C, Gonzalez P, Subira C, Frutos-Vivar F, Rialp 
G, Laborda C, Colinas L, Cuena R, Fernandez R. Effect of postextuba‑
tion high-flow nasal cannula vs conventional oxygen therapy on 
reintubation in low-risk patients: a randomized clinical trial. JAMA. 
2016;315(13):1354–61.

	18.	 Hernandez G, Vaquero C, Colinas L, Cuena R, Gonzalez P, Canabal A, 
Sanchez S, Rodriguez ML, Villasclaras A, Fernandez R. Effect of postextu‑
bation high-flow nasal cannula vs noninvasive ventilation on reintu‑
bation and postextubation respiratory failure in high-risk patients: a 
randomized clinical trial. JAMA. 2016;316(15):1565–74.

	19.	 Rochwerg B, Brochard L, Elliott MW, Hess D, Hill NS, Nava S, Navalesi 
PMOTSC, Antonelli M, Brozek J, Conti G, et al. Official ERS/ATS clinical 
practice guidelines: noninvasive ventilation for acute respiratory failure. 
Eur Respir J. 2017;50(2):1602426.

	20.	 Vourc’h M, Asfar P, Volteau C, Bachoumas K, Clavieras N, Egreteau PY, 
Asehnoune K, Mercat A, Reignier J, Jaber S, et al. High-flow nasal cannula 
oxygen during endotracheal intubation in hypoxemic patients: a rand‑
omized controlled clinical trial. Intensive Care Med. 2015;41(9):1538–48.

	21.	 Simon M, Wachs C, Braune S, de Heer G, Frings D, Kluge S. High-flow 
nasal cannula versus bag-valve-mask for preoxygenation before 
intubation in subjects with hypoxemic respiratory failure. Respir Care. 
2016;61(9):1160–7.

	22.	 Semler MW, Janz DR, Lentz RJ, Matthews DT, Norman BC, Assad TR, 
Keriwala RD, Ferrell BA, Noto MJ, McKown AC, et al. Randomized trial of 
apneic oxygenation during endotracheal intubation of the critically ill. 
Am J Respir Crit Care Med. 2016;193(3):273–80.

	23.	 Guitton C, Ehrmann S, Volteau C, Colin G, Maamar A, Jean-Michel V, Mahe 
PJ, Landais M, Brule N, Bretonniere C, et al. Nasal high-flow preoxygena‑
tion for endotracheal intubation in the critically ill patient: a randomized 
clinical trial. Intensive Care Med. 2019;45(4):447–58.

	24.	 Frat JP, Ricard JD, Quenot JP, Pichon N, Demoule A, Forel JM, Mira JP, 
Coudroy R, Berquier G, Voisin B, et al. Non-invasive ventilation versus 
high-flow nasal cannula oxygen therapy with apnoeic oxygenation for 
preoxygenation before intubation of patients with acute hypoxaemic 
respiratory failure: a randomised, multicentre, open-label trial. Lancet 
Respir Med. 2019;7(4):303–12.

	25.	 Jaber S, Jung B, Corne P, Sebbane M, Muller L, Chanques G, Verzilli D, Jon‑
quet O, Eledjam JJ, Lefrant JY. An intervention to decrease complications 
related to endotracheal intubation in the intensive care unit: a prospec‑
tive, multiple-center study. Intensive Care Med. 2010;36(2):248–55.

	26.	 Miguel-Montanes R, Hajage D, Messika J, Bertrand F, Gaudry S, Rafat C, 
Labbe V, Dufour N, Jean-Baptiste S, Bedet A, et al. Use of high-flow nasal 
cannula oxygen therapy to prevent desaturation during tracheal intuba‑
tion of intensive care patients with mild-to-moderate hypoxemia*. Crit 
Care Med. 2015;43(3):574–83.

	27.	 Baillard C, Fosse JP, Sebbane M, Chanques G, Vincent F, Courouble P, 
Cohen Y, Eledjam JJ, Adnet F, Jaber S. Noninvasive ventilation improves 
preoxygenation before intubation of hypoxic patients. Am J Respir Crit 
Care Med. 2006;174(2):171–7.

	28.	 Baillard C, Prat G, Jung B, Futier E, Lefrant JY, Vincent F, Hamdi A, Vicaut E, 
Jaber S. Effect of preoxygenation using non-invasive ventilation before 
intubation on subsequent organ failures in hypoxaemic patients: a 
randomised clinical trial. Br J Anaesth. 2018;120(2):361–7.

	29.	 Sim MA, Dean P, Kinsella J, Black R, Carter R, Hughes M. Performance of 
oxygen delivery devices when the breathing pattern of respiratory failure 
is simulated. Anaesthesia. 2008;63(9):938–40.

	30.	 L’Her E, Deye N, Lellouche F, Taille S, Demoule A, Fraticelli A, Mancebo J, 
Brochard L. Physiologic effects of noninvasive ventilation during acute 
lung injury. Am J Respir Crit Care Med. 2005;172(9):1112–8.

	31.	 Frat JP, Brugiere B, Ragot S, Chatellier D, Veinstein A, Goudet V, Coudroy 
R, Petitpas F, Robert R, Thille AW, et al. Sequential application of oxygen 
therapy via high-flow nasal cannula and noninvasive ventilation in 
acute respiratory failure: an observational pilot study. Respir Care. 
2015;60(2):170–8.

	32.	 Mauri T, Turrini C, Eronia N, Grasselli G, Volta CA, Bellani G, Pesenti A. Physi‑
ologic effects of high-flow nasal cannula in acute hypoxemic respiratory 
failure. Am J Respir Crit Care Med. 2017;195(9):1207–15.

	33.	 Grieco DL, Menga LS, Raggi V, Bongiovanni F, Anzellotti GM, Tanzarella 
ES, Bocci MG, Mercurio G, Dell’Anna AM, Eleuteri D, et al. Physiological 

https://www.who.int/gho/ncd/risk_factors/overweight/en/
https://www.who.int/gho/ncd/risk_factors/overweight/en/


Page 14 of 14Rodriguez et al. Ann. Intensive Care          (2021) 11:114 

comparison of high-flow nasal cannula and helmet noninvasive ventila‑
tion in acute hypoxemic respiratory failure. Am J Respir Crit Care Med. 
2020;201(3):303–12.

	34.	 Frumin MJ, Epstein RM, Cohen G. Apneic oxygenation in man. Anesthesi‑
ology. 1959;20:789–98.

	35.	 Cormack RS, Lehane J. Difficult tracheal intubation in obstetrics. Anaes‑
thesia. 1984;39(11):1105–11.

	36.	 De Jong A, Molinari N, Terzi N, Mongardon N, Arnal JM, Guitton C, 
Allaouchiche B, Paugam-Burtz C, Constantin JM, Lefrant JY, et al. Early 
identification of patients at risk for difficult intubation in the intensive 
care unit: development and validation of the MACOCHA score in a multi‑
center cohort study. Am J Respir Crit Care Med. 2013;187(8):832–9.

	37.	 Practice guidelines for management of the difficult airway. A report by 
the American Society of Anesthesiologists Task Force on Management of 
the Difficult Airway. Anesthesiology. 1993;78(3):597–602.

	38.	 Adnet F, Borron SW, Racine SX, Clemessy JL, Fournier JL, Plaisance P, 
Lapandry C. The intubation difficulty scale (IDS): proposal and evaluation 
of a new score characterizing the complexity of endotracheal intubation. 
Anesthesiology. 1997;87(6):1290–7.

	39.	 Rusca M, Proietti S, Schnyder P, Frascarolo P, Hedenstierna G, Spahn DR, 
Magnusson L. Prevention of atelectasis formation during induction of 
general anesthesia. Anesth Analg. 2003;97(6):1835–9.

	40.	 Coussa M, Proietti S, Schnyder P, Frascarolo P, Suter M, Spahn DR, Magnus‑
son L. Prevention of atelectasis formation during the induction of general 
anesthesia in morbidly obese patients. Anesth Analg. 2004;98(5):1491–5.

	41.	 Nimmagadda U, Salem MR, Crystal GJ. Preoxygenation: physiologic basis, 
benefits, and potential risks. Anesth Analg. 2017;124(2):507–17.

	42.	 Said SI. Abnormalities of pulmonary gas exchange in obesity. Ann Intern 
Med. 1960;53:1121–9.

	43.	 Rothen HU, Sporre B, Engberg G, Wegenius G, Reber A, Hedenstierna G. 
Prevention of atelectasis during general anaesthesia. Lancet (London, 
England). 1995;345(8962):1387–91.

	44.	 Futier E, Constantin JM, Pelosi P, Chanques G, Massone A, Petit A, Kwiat‑
kowski F, Bazin JE, Jaber S. Noninvasive ventilation and alveolar recruit‑
ment maneuver improve respiratory function during and after intubation 
of morbidly obese patients: a randomized controlled study. Anesthesiol‑
ogy. 2011;114(6):1354–63.

	45.	 Delay JM, Sebbane M, Jung B, Nocca D, Verzilli D, Pouzeratte Y, Kamel 
ME, Fabre JM, Eledjam JJ, Jaber S. The effectiveness of noninvasive 
positive pressure ventilation to enhance preoxygenation in mor‑
bidly obese patients: a randomized controlled study. Anesth Analg. 
2008;107(5):1707–13.

	46.	 Gander S, Frascarolo P, Suter M, Spahn DR, Magnusson L. Positive end-
expiratory pressure during induction of general anesthesia increases 
duration of nonhypoxic apnea in morbidly obese patients. Anesth Analg. 
2005;100(2):580–4.

	47.	 Lodenius Å, Piehl J, Östlund A, Ullman J, Jonsson Fagerlund M. Trans‑
nasal humidified rapid-insufflation ventilatory exchange (THRIVE) vs. 
facemask breathing pre-oxygenation for rapid sequence induction in 
adults: a prospective randomised non-blinded clinical trial. Anaesthesia. 
2018;73(5):564–71.

	48.	 Wong DT, Dallaire A, Singh KP, Madhusudan P, Jackson T, Singh M, Wong 
J, Chung F. High-flow nasal oxygen improves safe apnea time in morbidly 
obese patients undergoing general anesthesia: a randomized controlled 
trial. Anesth Analg. 2019;129(4):1130–6.

	49.	 Frat JP, Joly F, Thille AW. Noninvasive ventilation versus oxygen therapy 
in patients with acute respiratory failure. Curr Opin Anaesthesiol. 
2019;32(2):150–5.

	50.	 Fraioli RL, Sheffer LA, Steffenson JL. Pulmonary and cardiovascular effects 
of apneic oxygenation in man. Anesthesiology. 1973;39(6):588–96.

	51.	 Ramachandran SK, Cosnowski A, Shanks A, Turner CR. Apneic oxygena‑
tion during prolonged laryngoscopy in obese patients: a randomized, 
controlled trial of nasal oxygen administration. J Clin Anesth. 
2010;22(3):164–8.

	52.	 Vourc’h M, Baud G, Feuillet F, Blanchard C, Mirallie E, Guitton C, Jaber S, 
Asehnoune K. High-flow nasal cannulae versus non-invasive ventilation 
for preoxygenation of obese patients: the PREOPTIPOP randomized trial. 
EClinicalMedicine. 2019;13:112–9.

	53.	 Casey JD, Janz DR, Russell DW, Vonderhaar DJ, Joffe AM, Dischert KM, 
Brown RM, Zouk AN, Gulati S, Heideman BE, et al. Bag-mask ventila‑
tion during tracheal intubation of critically ill adults. N Engl J Med. 
2019;380(9):811–21.

	54.	 Grieco DL, Menga LS, Cesarano M, Rosà T, Spadaro S, Bitondo MM, 
Montomoli J, Falò G, Tonetti T, Cutuli SL, et al. Effect of helmet nonin‑
vasive ventilation vs high-flow nasal oxygen on days free of respiratory 
support in patients with COVID-19 and moderate to severe hypox‑
emic respiratory failure: the HENIVOT randomized clinical trial. JAMA. 
2021;325(17):1731–43.

	55.	 Patel BK, Wolfe KS, Pohlman AS, Hall JB, Kress JP. Effect of noninvasive 
ventilation delivered by helmet vs face mask on the rate of endotracheal 
intubation in patients with acute respiratory distress syndrome: a rand‑
omized clinical trial. JAMA. 2016;315(22):2435–41.

	56.	 Antonelli M, Conti G, Pelosi P, Gregoretti C, Pennisi MA, Costa R, Sev‑
ergnini P, Chiaranda M, Proietti R. New treatment of acute hypoxemic 
respiratory failure: noninvasive pressure support ventilation delivered by 
helmet–a pilot controlled trial. Crit Care Med. 2002;30(3):602–8.

	57.	 Futier E, Constantin JM, Petit A, Jung B, Kwiatkowski F, Duclos M, Jaber 
S, Bazin JE. Positive end-expiratory pressure improves end-expiratory 
lung volume but not oxygenation after induction of anaesthesia. Eur J 
Anaesthesiol. 2010;27(6):508–13.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Noninvasive ventilation vs. high-flow nasal cannula oxygen for preoxygenation before intubation in patients with obesity: a post hoc analysis of a randomized controlled trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Method
	Design of the study
	Study population and preoxygenation strategies
	Study outcomes
	Statistical analysis

	Results
	Comparison between patients with and without obesity
	Comparison between preoxygenation with noninvasive ventilation or high-flow nasal oxygen in patients with obesity
	Primary outcome: episodes of severe hypoxemia
	Secondary outcomes
	Factors associated with severe hypoxemia in patients with obesity

	Discussion
	Risk of severe hypoxemia in patients with obesity
	Efficacy of preoxygenation strategies
	Clinical implications and limitations

	Conclusion
	Acknowledgements
	References




