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Abstract

Background: Hypoxemia is common during tracheal intubation in intensive care units. To 

prevent hypoxemia during intubation, 2 methods of delivering oxygen between induction and 

laryngoscopy have been proposed: bag-mask ventilation and supplemental oxygen delivered by 
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nasal cannula without ventilation (apneic oxygenation). Whether one of these approaches is more 

effective for preventing hypoxemia during intubation of critically ill patients is unknown.

Methods: We performed a secondary analysis of data from 138 patients enrolled in 2, 

consecutive randomized trials of airway management in an academic intensive care unit. A total 

of 61 patients were randomized to receive bag-mask ventilation in a trial comparing bag-mask 

ventilation to none, and 77 patients were randomized to receive 100% oxygen at 15 L/min by nasal 

cannula in a trial comparing apneic oxygenation to none. Using multivariable linear regression 

accounting for age, body mass index, severity of illness, and oxygen saturation at induction, we 

compared patients assigned to bag-mask ventilation with those assigned to apneic oxygenation 

regarding lowest oxygen saturations from induction to 2 min after intubation.

Results: Patients assigned to bag-mask ventilation and apneic oxygenation were similar at 

baseline. The median lowest oxygen saturation was 96% (interquartile range [IQR] 89%−100%) in 

the bag-mask ventilation group and 92% (IQR 84%−99%) in the apneic oxygenation group. After 

adjustment for prespecified confounders, bag-mask ventilation was associated with a higher lowest 

oxygen saturation compared to apneic oxygenation (mean difference, 4.2%; 95% confidence 

interval, 0.7%−7.8%; P = .02). The incidence of severe hypoxemia (oxygen saturation<80%) was 

6.6% in the bag-mask ventilation group and 15.6% in the apneic oxygenation group (adjusted odds 

ratio, 0.33; P = .09).

Conclusions: This secondary analysis of patients assigned to bag-mask ventilation and apneic 

oxygenation during 2 clinical trials suggests that bag-mask ventilation is associated with higher 

oxygen saturation during intubation compared to apneic oxygenation.
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Introduction

More than one hundred thousand critically ill patients require tracheal intubation each 

year.1 Intubation of critically ill adults in the intensive care unit is associated with frequent 

complications such as hypoxemia, peri-procedural cardiac arrest, and death.2–8

Rapid sequence induction and intubation, the most common approach to tracheal intubation 

in emergency settings, is the administration of a sedative drug immediately followed by 

a neuromuscular-blocking agent.9–13 The procedure involves an inherent delay between 

medication administration and laryngoscopy during which the patient progresses from 

hypopnea to apnea.12,14 The optimal approach to oxygenation and ventilation after 

medication administration remains uncertain. Providing positive pressure with a bag-mask 

device during this interval has been reported to reduce the risk of hypoxemia, but has also 

been hypothesized to increase the risk of aspiration.15,16

The Preventing Hypoxemia with Manual Ventilation during Endotracheal Intubation 

(PreVent) study was a recent, multicenter randomized trial which demonstrated that bag-

mask ventilation reduces hypoxemia compared to no ventilation.17 Although bag-mask 

ventilation did not appear to increase the incidence of aspiration in PreVent, the trial 
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was underpowered to evaluate this outcome. Further, apneic oxygenation was allowed but 

not mandated in the PreVent and some have suggested that the results may have been 

different had all patients in the control group received apneic oxygenation.18,19 For these 

reasons, many experts continue to recommend avoiding bag-mask ventilation in favor of 

the apneic oxygenation for emergency tracheal intubation, particularly in settings such as 

the emergency department and intensive care unit where patients may be higher risk for 

aspiration.20 Bag-mask ventilation has never been evaluated against a control arm in which 

all patients received apneic oxygenation.

To determine if bag-mask ventilation is more effective at preventing hypoxemia than apneic 

oxygenation during tracheal intubation of critically ill adults, we performed a secondary 

analysis of patients enrolled from a single ICU in the PreVent trial and another recent trial 

evaluating the use of apneic oxygenation.2,17 We hypothesized that bag-mask ventilation 

would be associated with higher oxygen saturation during intubation compared to apneic 

oxygenation.

Methods

Study Design

We performed a secondary analysis of individual patient data from patients enrolled in the 

PreVent trial17 and the Facilitating Endotracheal intubation by Laryngoscopy technique and 

apneic Oxygenation Within the intensive care unit (FELLOW) trial.2

Data Sources

The PreVent trial was a multicenter, parallel-group, unblinded, randomized trial comparing 

bag-mask ventilation from induction to laryngoscopy to no ventilation during tracheal 

intubation of critically ill adults.17 The FELLOW study was a single-center, randomized, 

open-label, parallel-group, 2-by-2 factorial trial comparing apneic oxygenation with no 

apneic oxygenation and video laryngoscopy with direct laryngoscopy among critically ill 

adults.2

The cohort for this secondary analysis included patients randomized to bag-mask ventilation 

in the PreVent study and patients randomized to apneic oxygenation in the FELLOW study. 

To make the patient populations as similar as possible for the primary analysis, we included 

only patients enrolled in the PreVent study from Vanderbilt University Medical Center, 

matching the population of the FELLOW study, which was conducted entirely at Vanderbilt 

University Medical Center. Both trials were conducted by the same research group in the 

same medical ICU. Both studies shared the same training procedures, data elements, and 

outcome definitions. Both enrolled all patients 18 years of age or older for whom intubation 

was required and use of an induction agent was planned unless the participant felt the study 

intervention was either mandated or contraindicated. In a sensitivity analysis, we compared 

patients randomized to apneic oxygenation in the FELLOW study to all patients randomized 

to bag-mask ventilation in the PreVent study regardless of study center. Approximately 2 

years passed between the end of enrollment for FELLOW on February 11, 2015 and the 

beginning of enrollment for PreVent on March 15, 2017.
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Eligibility Criteria

Details of the inclusion and exclusion criteria for the original trials have been published 

previously.2,17,21 Briefly, patients 18 years or older undergoing tracheal intubation in the 

medical intensive care unit at Vanderbilt University Medical Center were eligible. Patients 

were excluded if awake intubation was planned, if intubation was needed so emergently that 

randomization was not possible, or if the attending physician believed another approach to 

oxygenation or laryngoscopy was necessary for the patient’s safety. Additionally, 7.3% of 

otherwise eligible patients were excluded from the trial of bag-mask ventilation trial because 

treating clinicians felt the risk for aspiration precluded safe administration of bag-mask 

ventilation.

Interventions in Source Trials

Patients randomized to bag-mask ventilation in the PreVent trial received bag-mask 

ventilation beginning at induction with oxygen flow rates of at least 15 L/min, bag-mask 

device with an expiratory port valve to generate a positive end-expiratory pressure of 5 to 10 

cm of water, and ventilation at 10 breaths/min with the smallest volume required to generate 

a visible chest rise. The bag-mask device was removed at the initiation of laryngoscopy. 

Apneic oxygenation was allowed in either group in PreVent, but only about 5% of patients in 

the bag-mask ventilation group received a nasal cannula for apneic oxygenation in addition 

to bag-mask ventilation.

In the FELLOW study, the apneic oxygenation group received a nasal cannula delivering 15 

L/min flow of oxygen placed in the patient’s nares from induction to intubation. Bag-mask 

ventilation was allowed in either group for the prevention or treatment of hypoxemia. A 

total of 38 patients (49.3%) received bag-mask ventilation from induction to laryngoscopy 

in the apneic oxygenation group. The indication for bag-mask ventilation in the FELLOW 

trial (prevention or treatment of hypoxemia) was not collected, but the trial was conducted 

in a period when bag-mask ventilation was largely provided as treatment (not prevention) of 

hypoxemia.

The intervention in both the PreVent and FELLOW trials focused on the delivery of 

ventilation and oxygenation. All other decisions, such as preoxygenation device, induction 

agent, and neuromuscular blockade were left to the discretion of treating clinicians.

Outcomes

The primary outcome for this secondary analysis was the lowest arterial oxygen saturation 

between induction and 2 min after tracheal intubation. This was the primary outcome in 

both randomized trials and was collected in each study by an independent observer not 

involved in the performance of the procedure. The secondary outcome was the proportion 

of patients with severe hypoxemia, defined as an oxygen saturation (SpO2) less than 80% 

between induction and 2 min after successful endotracheal tube placement. Additional 

procedural and clinical outcomes compared between groups included operator-reported 

aspiration during intubation, peri-procedural cardiac arrest, oxygen saturation less than 90% 

and 70%, ventilator-free days at day 28, ICU-free days at day 28, and in-hospital death 

(definitions available in Supplemental Text).
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Data Collection

Methods for data collection are described in the original publications.2,17 In brief, a trained 

observer not participating in the intubation procedure collected data for outcomes before, 

during, and after the procedure, including both oxygen saturation at the time of induction 

and lowest oxygen saturation between induction and 2 min following successful intubation, 

regardless of the number of laryngoscopy attempts. Study personnel collected data from the 

medical record regarding patients’ age, gender, race, body mass index (BMI), number of 

ventilator-free days, number of ICU-free days, and in-hospital mortality.

Statistical Analysis

Baseline characteristics of patients in the bag-mask ventilation and apneic oxygenation 

groups were reported using number and proportion for categorical variables or median 

and inter-quartile range for continuous variables. Categorical variables were compared with 

Chi-square tests and continuous variables were compared with Wilcoxon rank-sum tests.

To compare outcomes between groups, we performed multivariable regression analysis to 

estimate mean differences for continuous outcomes or odds ratios for categorical outcomes, 

with accompanying 95% confidence intervals. Regression analyses adjusted for potential 

confounders that were selected for inclusion a priori based on previously published analyses 

of risk factors for peri-procedural hypoxemia22 and the authors’ clinical perception of 

variables likely to be associated with both bag mask ventilation or apneic oxygenation and 

lowest oxygen saturation.

For continuous outcomes, a linear regression model was fit for the dependent variable 

(eg, lowest oxygen saturation between induction and 2 min following intubation) with 

independent variables of group assignment (bag-mask ventilation vs apneic oxygenation), 

the covariates of age, BMI, Acute Physiology and Chronic Health Evaluation (APACHE) II 

score (using worst values from the 24 h prior to intubation with missing values assumed to 

be normal),23,24 and oxygen saturation at induction. For the categorical outcomes, a logistic 

regression model was fit for the dependent variable (eg, severe hypoxemia) and the same 

independent variables used in the linear model. Complete case analysis was performed. 

A P-value less than .05 was considered to indicate statistical significance for the primary 

analysis of the primary outcome. All other analyses were considered exploratory and no 

adjustments were made for multiple comparisons. Statistical analysis was performed using 

Stata version 15.1 (StataCorp LLC).

To evaluate whether temporal trends in the primary outcome (longitudinal changes in lowest 

oxygenation saturation over time) could confound the association between the interventions 

and the primary outcome, we fit a linear regression model for each trial with lowest 

oxygen saturation as the dependent variable and order of enrollment in the trial as an 

independent variable. To further explore whether any potential differences in outcomes 

between groups could be explained by differences in the patient populations enrolled in the 

2 trials, we compared patients in the control groups of each study (the no ventilation group 

in the study of bag-mask ventilation and the no apneic oxygenation group in the study of 
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apneic oxygenation) with regard to baseline characteristics, receipt of cointerventions (eg, 

preoxygenation methods), and procedural outcomes.

The clinical trials that generated the data being analyzed were approved by the Institutional 

Review Board at Vanderbilt University Medical Center and registered at ClinicalTrials.gov. 

This secondary analysis of deidentified data was determined to qualify as nonhuman 

subjects research by the Vanderbilt Institutional Review Board (#160158).

Results

Baseline Characteristics

Among the 150 patients randomized in FELLOW, all patients were enrolled in the 

Vanderbilt University Medical Center medical ICU. Of these, 77 were assigned to apneic 

oxygenation and included in this analysis. In the PreVent trial 401 patients were randomized, 

of whom, 124 were enrolled in the Vanderbilt medical ICU. A total of 61 patients 

randomized in the Vanderbilt medical ICU were assigned to bag-mask ventilation and 

included in this study. The 2 groups were similar at baseline (Table 1). The median age was 

59 (interquartile range [IQR] 44–65) in the bag-mask ventilation group and 60 (IQR 51–68) 

in the apneic oxygenation group (P = .18). The median BMI for the bag-mask ventilation 

group was 27.8 (IQR 23.5–33.2), compared to 28.6 (IQR 23.3–32.8) for patients randomized 

to apneic oxygenation (P = .55). The median APACHE II score was 21 (IQR 15–27) in the 

bag-mask ventilation group and 22 (IQR 16–27) in the apneic oxygenation group (P = .67). 

Respiratory failure was the most common indication recorded for intubation in both groups, 

accounting for 54.1% of intubations in the bag-mask ventilation group compared to 66.2% 

of the apneic oxygenation group (P = .15). In the previous 6 h, the lowest oxygen saturation, 

highest FiO2, and use of BiPAP were similar between groups.

All intubations in the apneic oxygenation were performed by pulmonary critical care 

fellows. A total of 60 intubations in the bag-mask ventilation group were performed 

by pulmonary critical care fellows and one was performed by a pulmonary critical care 

attending. All fellow intubations included direct attending supervision. Preoxygenation 

modality differed significantly between the groups. Preoxygenation with a nonrebreather 

mask (54% vs 32%, P = .01) and preoxygenation with high flow nasal cannula (7% vs 0%, 

P = .02) were more common in the bag-mask ventilation group. Conversely, preoxygenation 

with noninvasive ventilation (21% vs 30%, P = .26), preoxygenation with bag-mask 

ventilation (34% vs 43%, P = .31), and preoxygenation with simple nasal cannula (0% vs 

8%, P = .03) were less common in the bag-mask ventilation group as compared to the apneic 

oxygenation group. Every patient in both groups received some form of preoxygenation. At 

the time of induction, the median oxygen saturations were similar between groups (99%, 

IQR 95%−100% vs 99%, IQR 96%−100%, P = .99).

Primary Outcome

The unadjusted median lowest oxygen saturation was 96% (IQR 89%−100%) in the bag-

mask ventilation group and 92% (IQR 84%−99%) in the apneic oxygenation group. In 

multivariable analysis accounting for prespecified confounders of age, BMI, APACHE II 
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score, and oxygen saturation at induction, the mean difference in lowest oxygen saturation 

between the bag-mask ventilation group and the apneic oxygenation group was 4.2% (95% 

CI, 0.7%−7.8%; P = .02) (Figure 1) (Table 2).

In a post hoc sensitivity analysis adjusting for preoxygenation modality, in addition to 

prespecified confounders, the mean difference in lowest oxygen saturation between groups 

was 3.8% (95% CI, 0.07%−7.5%, P = .046) (Supplemental Appendix Table S1).

Oxygen saturation at induction did not significantly modify the association between bag-

mask ventilation versus apneic oxygenation and lowest oxygen saturation (P-value for 

interaction = .16). The adjusted mean lowest oxygen saturation was higher for bag-mask 

ventilation than for apneic oxygenation across the full range of observed oxygen saturations 

at induction (Figure 2).

In a prespecified sensitivity analysis comparing all patients randomized to bag-mask 

ventilation in the PreVent study, regardless of center, to all patients randomized to apneic 

oxygenation in the FELLOW study, the adjusted mean difference in lowest oxygen 

saturation between groups was 2.9% (95% CI, 0.2–5.6, P = .04) (Supplemental Tables 

S2–S4).

Secondary Outcome

A total of 4 patients (6.6%) in the bag-mask ventilation group experienced a lowest 

oxygen saturation <80% (severe hypoxemia), compared to 12 patients (15.6%) in the 

apneic oxygenation group. In multivariable analysis adjusting for prespecified potential 

confounders, the adjusted odds ratio for severe hypoxemia with bag-mask ventilation 

compared to apneic oxygenation was 0.33 (95% CI, 0.09–1.18; P = .09) (Table 3).

Additional Outcomes

In multivariable analysis adjusting for prespecified confounders, a lowest oxygen saturation 

<90% was significantly less common in the bag-mask ventilation group compared to the 

apneic oxygenation group (adjusted odds ratio 0.34; 95% CI, 0.13–0.88) (Table 3). Two 

patients (3.3%) in the bag-mask ventilation group experienced a lowest oxygen saturation 

of less than 70%, compared to 6 patients in the apneic oxygenation group (7.8%) (adjusted 

odds ratio, 0.38; 95% CI, 0.06–2.31). One patient in the bag-mask ventilation group and 

no patients in the apneic oxygenation group experienced operator-reported aspiration. Two 

patients in the bag mask ventilation group (3.3%) and 3 patients in the apneic oxygenation 

group (3.9%) experienced peri-procedural cardiac arrest (adjusted odds ratio, 0.55; 95% CI, 

0.05–5.84).

Patients in the bag-mask ventilation group experienced a median of 19 ventilator-free days 

(IQR 0–26) compared to a median of 17 in the apneic oxygenation group (IQR 0–26) 

(adjusted mean difference, −1.15; 95% CI, −5.10 to 2.81). Twenty-three patients in the 

bag-mask ventilation group (37.7%) died before discharge from the hospital, compared to 27 

patients in the apneic oxygenation group (35.1%) (adjusted odds ratio, 1.20; 95% CI, 0.53 to 

2.72).
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Trial Similarity Assessment

There was no relationship between the order of enrollment and the lowest oxygen saturation 

in either study (Supplemental Figures S1 and S2). Comparison of the control groups in the 

2 studies (the no bag-mask ventilation group and no apneic oxygenation group) revealed 

similar patient populations and similar differences in preoxygenation devices as seen in the 

intervention groups (Supplemental Table S5).

Discussion

In this secondary analysis of data from 2 randomized trials, bag-mask ventilation between 

induction and laryngoscopy was independently associated with higher oxygen saturation 

during tracheal intubation of critically ill adults than apneic oxygenation.

Hypoxemia occurs commonly during tracheal intubation of critically ill adults and is 

associated with cardiac arrest and death.2–7,25,26 Bag-mask ventilation between induction 

and laryngoscopy has been shown to prevent hypoxemia, but many experts continue to 

recommended against routine bag-mask ventilation, recommending it only as a rescue 

technique to treat hypoxemia. A common rationale to avoid bag-mask ventilation during 

rapid sequence induction and intubation is a hypothesized increase in the risk of 

aspiration.10,12,27,28 Delivering supplemental oxygen to the nasopharynx without ventilation 

(apneic oxygenation) has been proposed as an alternative method to prevent hypoxemia 

without increasing the risk of aspiration. During apnea, oxygen-rich gas may be drawn 

down from the nasopharynx to the alveolar space by diffusion and a pressure gradient 

from the atmosphere to the alveolar space.29 Trials in the operating room have suggested 

that apneic oxygenation via a nasopharyngeal catheter prolongs the period of time a 

patient can be apneic without experiencing hypoxemia.30–33 Unlike in the operating room, 

trials examining apneic oxygenation during the intubation of critically ill adults in the 

intensive care unit2,34,35 or emergency departments36 have not demonstrated a clear effect 

on hypoxemia.37,38

Until recently, there has been little evidence on the safety of bag-mask ventilation during 

the tracheal intubation of critically ill adults. The PreVent study17 was the first trial 

evaluating bag-mask ventilation during the intubation of critically ill adults and found 

that bag-mask ventilation increased lowest oxygen saturation and reduced the incidence of 

severe hypoxemia during tracheal intubation, without an apparent effect on the incidence of 

aspiration. However, most patients in the control group of PreVent did not receive apneic 

oxygenation following initiation of laryngoscopy, and it has remained unclear if providing 

apneic oxygenation to all patients would have been as effective as bag-mask ventilation.

No prior trials have directly compared bag-mask ventilation to apneic oxygenation during 

tracheal intubation of critically ill adults.37,38 Our analysis in this study used patient-

level data from the PreVent trial of bag-mask ventilation and the FELLOW trial of 

apneic oxygenation2 to directly compare the effects of bag-mask ventilation and apneic 

oxygenation on oxygen saturation. After adjusting for potential confounders, we found 

a difference in lowest oxygen saturation between groups of 4.2% in favor of bag-mask 

ventilation over apneic oxygenation. This difference is similar to the difference between 
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bag-mask ventilation and no ventilation in the PreVent trial, where apneic oxygenation 

was provided to a minority of patients. Results were similar in several sensitivity analyses, 

including an analysis adjusting for preoxygenation device.

In the absence of a direct comparison as part of a clinical trial, this analysis represents 

unique and innovative method to compare 2 interventions from similar clinical trials. 

Statistical methods for indirect adjusted estimates are used in network meta-analyses to 

estimate the relative effect of 2 interventions that have both been studied against a common 

comparator. Because these indirect comparison methods lack individual patient data, they 

leverage other methods to account for differences between trials in patient characteristics 

and trial design.39 Indeed, these methods have previously been used to compare methods 

of preoxygenation during emergency tracheal intubation.38 However, because the PreVent 

and FELLOW trials enrolled large number of patients from the same study unit, close 

together in time, using the same group of operators, they provide a unique opportunity 

for indirect comparison of the interventions in these 2 trials. Further, while the baseline 

characteristics of the 2 groups, and the characteristics and outcomes of the 2 control arms 

from trials suggested that the trial populations were similar, access to patient level data 

in this analysis allowed for the application of robust methods to account for potential 

differences in confounders between groups.

The current analysis has several strengths. It employed prospectively collected data from 

2 prior randomized trials of airway management outside of the operating room in which 

allocation of the interventions of interest were controlled by study group assignment. Both 

trials occurred in the same ICU, were designed by the same investigators, used largely the 

same methods, and enrolled patient populations that were similar between the 2 studies 

overall. No temporal relationship was detected between order of enrollment and lowest 

oxygen saturation in either study, and the outcomes of the control arms in both studies were 

similar, arguing against temporal changes in lowest oxygen saturation during intubation over 

time. In both studies, data on the primary outcome of lowest oxygen saturation was captured 

by an independent observer rather than self-report.

The current analysis also has several important limitations. Although patients were assigned 

to bag-mask ventilation or apneic oxygenation by the trial protocol, the data derived from 2 

separate trials conducted sequentially. Despite adjustment, differences in patient or operator 

characteristics over time might confound the observed effects of bag-mask ventilation and 

apneic oxygenation on lowest oxygen saturation. Patients assigned to bag-mask ventilation 

were less likely to receive preoxygenation with positive pressure ventilation—although 

accounting for preoxygenation modality did not appear to affect the findings. This study 

can only examine bag-mask ventilation and apneic oxygenation as they were delivered in 

the original trials. Results may have been different if ventilation had been provided via 

noninvasive ventilation or if apneic oxygenation had been provided at higher flow rates 

via by high flow nasal cannula rather than 15 L/min. Because the studies included in this 

analysis enrolled patients solely from an intensive care unit in an academic medical center, 

it is unclear whether these results generalize to patients undergoing tracheal intubation in 

other settings where characteristics of the patients and the experience of the proceduralists 

and supporting teams may be different. Further, the small size of the study limits the ability 
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to evaluate subgroup differences or interactions, and observed differences in lowest oxygen 

saturation may be explained, at least in part, by other differences in the intubation procedure 

such as the observed difference in first pass success. Finally, a significant proportion of 

patients in apneic oxygenation group received bag-mask ventilation, but this is thought to 

represent treatment of hypoxemia (“rescue”), not prevention of hypoxemia (the intervention 

in PreVent), and if anything, this type of contamination would be expected to bias towards 

the null and reduce any observed differences between groups.

In conclusion, this secondary analysis of patient-level data from 2 randomized trials 

found that oxygen saturation during tracheal intubation was significantly higher for 

patients assigned to bag-mask ventilation compared with patients assigned to apneic 

oxygenation. Future randomized trials should directly compare bag-mask ventilation to 

apneic oxygenation during tracheal intubation to definitively assess the effects on oxygen 

saturation and aspiration.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Lowest oxygen saturation for bag-mask ventilation versus apneic oxygenation. Left panel: 

A scatterplot of the unadjusted lowest oxygen saturations for all patients included in the 

bag-mask ventilation and apneic oxygenation groups in the primary analysis. Right panel: 

the adjusted mean lowest arterial oxygen saturation and 95% confidence interval for patients 

in the bag-mask ventilation and apneic oxygenation. The adjusted mean lowest oxygen 

saturation is adjusted to the median of the remaining model covariates: age of 60 years, BMI 

of 28.4 kg/m2, and APACHE II score of 21.

Abbreviations: BMV, bag-mask ventilation; AO, apneic oxygenation; APACHE II, Acute 

Physiology and Chronic Health Evaluation; BMI, body mass index.
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Figure 2. 
Heterogeneity of treatment effect by oxygen saturation at induction. The adjusted mean 

and 95% confidence interval for lowest arterial oxygen saturation is displayed for patients 

who received bag-mask ventilation (blue) and apneic oxygenation (red) across a range of 

oxygen saturations at induction. This partial effect plot represents how oxygen saturation 

at induction potentially modifies the effect of bag-mask ventilation on lowest oxygen 

saturation. Predictions are adjusted to the median of the remaining model covariates: age 

of 60 years, BMI of 28.4 kg/m2, and APACHE II score of 21.

Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation; BMI, body 

mass index.
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Table 1.

Patient Characteristics at Baseline.

Patient characteristic Bag-mask ventilation (n = 61) Apneic oxygenation (n = 77) P value

Age, median [IQR], years 59 (44, 65) 60 (51, 68) .18

Male sex, No. (%) 36 (59.0) 45 (58.4) .95

White race
a
, No. (%)

49 (83.1) 63 (81.8) .28

Body mass index
b
, median [IQR], kg/m2 27.8 (23.5, 33.1) 28.6 (23.3, 32.8) .55

APACHE II score
c
, median [IQR]

21 (15, 27) 22 (16, 27) .67

Receipt of vasopressors, No. (%) 9 (14.8) 11 (14.3) .94

Active sepsis, No. (%) 30 (49.2) 50 (64.9) .06

Indications for intubation
d
, No. (%)

 Respiratory failure 33 (54.1) 51 (66.2) .15

 Airway protection for decreased level of consciousness 22 (36.1) 21 (27.3) .27

BiPAP in prior 6 h, No. (%) 16 (26.2) 26 (33.8) .34

Highest FiO2 in prior 6 h, median [IQR] 0.40 (0.21, 0.65) 0.40 (0.27, 0.6) .79

Lowest oxygen saturation in prior 6 h, median [IQR], % 92 (86, 94) 92 (88, 95) .64

Neuromuscular blockade, No. (%)

Any neuromuscular blockade 59 (97%) 73 (95%) .58

 Rocuronium 30 47

 Succinylcholine 29 26

Methods of preoxygenation
d
, No. (%)

 Bag-mask ventilation 21 (34.4) 33 (42.9) .31

 Noninvasive ventilation 13 (21.3) 23 (29.9) .26

 High flow nasal cannula 4 (6.6) 0 (0) .02

 Nonrebreather 33 (54.1) 25 (32.5) .01

 Simple nasal cannula 0 (0) 6 (7.8) .03

Oxygen saturation at induction
e
, median [IQR], %

99 (95, 100) 99 (96, 100) .99

Oxygen saturation <92% at end of preoxygenation, No. (%) 35 (17.6) 13 (16.9) .89

a
Race was reported by patients or their surrogates and recorded in the electronic health record as a part of routine clinical care. Race was missing 

for 2 patients (3.3%) in the bag-mask ventilation group.

b
Information on body mass index at enrollment was missing for 5 patients (3.6%); 3 from the bag-mask ventilation group and 2 from the apneic 

oxygenation group.

c
Acute Physiology and Chronic Health Evaluation (APACHE) II score ranges from 0 to 71 with higher scores indicating higher severity of illness.

d
Facilitating Endotracheal intubation by Laryngoscopy technique and apneic Oxygenation Within the intensive care unit (FELLOW) collected only 

the highest level of respiratory support provided for preoxygenation. In PreVent, multiple methods of preoxygenation could be provided for each 
patient.

e
Oxygen saturation at induction was missing for 3 patients (2.2%); 2 in the bag-mask ventilation group and one patient in the apneic oxygenation 

group.
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Table 2.

Multivariable Regression Models for the Primary and Secondary Outcomes.

Lowest oxygen saturation Adjusted mean difference 95% Confidence intervals P value

Bag-mask ventilation, versus apneic oxygenation 4.23 0.67 to 7.79 .02

Age, years 0.02 −0.10 to 0.14 .75

BMI −0.20 −0.40 to 0.00 .05

APACHE II score 0.02 −0.21 to 0.26 .86

Oxygen saturation at induction, (%) 1.13 0.77 to 1.49 <.001

Severe hypoxemia Adjusted odds ratio 95% Confidence intervals P value

Bag-mask ventilation, versus apneic oxygenation 0.33 0.09 to 1.18 .09

Age, years 0.98 0.94 to 1.02 .35

BMI 1.03 0.98 to 1.09 .28

APACHE II score 0.95 0.88 to 1.03 .20

Oxygen saturation at induction, (%) 0.88 0.80 to 0.98 .02

Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation; BMI, body mass index.

The coefficient describes the increase in lowest oxygen saturation (%) or change in odds ratio associated with bag-mask ventilation compared to 

apneic oxygenation, an increase in age of 1 year, an increase in BMI of 1 kg/m2, an increase in APACHE II score of 1 point, and an increase in 
oxygen saturation at induction of 1%.
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Table 3.

Outcomes of Tracheal Intubation.

Outcomes
Bag-mask ventilation 

(n = 61)
Apneic oxygenation (n = 

77)

Adjusted mean difference or 

odds ratio
b
 (95% confidence 

intervals)

Primary outcome

 Lowest oxygen saturation
a
, median [IQR], % 96 (89, 100) 92 (84, 99) 4.23 (0.67 to 7.79)

Secondary outcome

 Lowest oxygen saturation <80%, No. (%) 4 (6.6) 12 (15.6) 0.33 (0.09 to 1.18)

Exploratory procedural outcome

 Lowest oxygen saturation <90%, No. (%) 17 (27.9) 34 (44.2) 0.34 (0.13 to 0.88)

 Lowest oxygen saturation <70%, No. (%) 2 (3.3) 6 (7.8) 0.38 (0.06 to 2.31)

 Successful intubation on first laryngoscopy 
attempt, No. (%) 53 (85.9) 52 (67.5) 3.50 (1.34 to 9.17)

 Time from induction to successful intubation, 
median [IQR], seconds 107 (85, 130) 132 (88, 205) −58 (−120.1 to 3.0)

 Operator-reported aspiration, No. (%) 1 (1.6) 0 (0.0) c 

 Peri-procedural cardiac arrest, No. (%) 2 (3.3) 3 (3.9) 0.55 (0.05 to 5.84)

Exploratory clinical outcomes

 Ventilator-free days, median [IQR] 19 (0, 26) 17 (0, 26) −1.15 (−5.10 to 2.81)

 ICU-free days, median [IQR] 17 (0, 24) 18 (0, 25) −0.71 (−4.30 to 2.89)

 Died before hospital discharge, No. (%) 23 (37.7) 27 (35.1) 1.20 (0.53 to 2.72)

a
Lowest oxygen saturation was missing for 3 patients (2.2%); 2 in the bag-mask ventilation group and one patient in the apneic oxygenation group.

b
Multivariable regression model includes age (years), body mass index (kg/m2), Acute Physiology and Chronic Health Evaluation II score, and 

oxygen saturation (%) at induction as covariates.

c
Unable to calculate given low numbers of patients with values in one or both groups.
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