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Effect of Use of a Bougie vs Endotracheal Tube and Stylet
on First-Attempt Intubation Success Among Patients
With Difficult Airways Undergoing Emergency Intubation
A Randomized Clinical Trial
Brian E. Driver, MD; Matthew E. Prekker, MD; Lauren R. Klein, MD; Robert F. Reardon, MD; James R. Miner, MD; Erik T. Fagerstrom, BA;
Mitchell R. Cleghorn, BS; John W. McGill, MD; Jon B. Cole, MD

IMPORTANCE The tracheal tube introducer, known as the bougie, is typically used to aid
tracheal intubation in poor laryngoscopic views or after intubation attempts fail. The effect of
routine bougie use on first-attempt intubation success is unclear.

OBJECTIVE To compare first attempt intubation success facilitated by the bougie vs the
endotracheal tube + stylet.

DESIGN, SETTING, AND PATIENTS The Bougie Use in Emergency Airway Management (BEAM)
trial was a randomized clinical trial conducted from September 2016 through August 2017 in
the emergency department at Hennepin County Medical Center, an urban, academic
department in Minneapolis, Minnesota, where emergency physicians perform all
endotracheal intubations. Included patients were 18 years and older who were consecutively
admitted to the emergency department and underwent emergency orotracheal intubation
with a Macintosh laryngoscope blade for respiratory arrest, difficulty breathing, or airway
protection.

INTERVENTIONS Patients were randomly assigned to undergo the initial intubation attempt
facilitated by bougie (n = 381) or endotracheal tube + stylet (n = 376).

MAIN OUTCOMES AND MEASURES The primary outcome was first-attempt intubation success
in patients with at least 1 difficult airway characteristic (body fluids obscuring the laryngeal
view, airway obstruction or edema, obesity, short neck, small mandible, large tongue, facial
trauma, or the need for cervical spine immobilization). Secondary outcomes were
first-attempt success in all patients, first-attempt intubation success without hypoxemia,
first-attempt duration, esophageal intubation, and hypoxemia.

RESULTS Among 757 patients who were randomized (mean age, 46 years; women, 230
[30%]), 757 patients (100%) completed the trial. Among the 380 patients with at least 1
difficult airway characteristic, first-attempt intubation success was higher in the bougie group
(96%) than in the endotracheal tube + stylet group (82%) (absolute between-group
difference, 14% [95% CI, 8% to 20%]). Among all patients, first-attempt intubation success
in the bougie group (98%) was higher than the endotracheal tube + stylet group (87%)
(absolute difference, 11% [95% CI, 7% to 14%]). The median duration of the first intubation
attempt (38 seconds vs 36 seconds) and the incidence of hypoxemia (13% vs 14%) did not
differ significantly between the bougie and endotracheal tube + stylet groups.

CONCLUSIONS AND RELEVANCE In this emergency department, use of a bougie compared with
an endotracheal tube + stylet resulted in significantly higher first-attempt intubation success
among patients undergoing emergency endotracheal intubation. However, these findings should
be considered provisional until the generalizability is assessed in other institutions and settings.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT02902146

JAMA. doi:10.1001/jama.2018.6496
Published online May 16, 2018.

Supplemental content

Author Affiliations: Department of
Emergency Medicine, Hennepin
County Medical Center, Minneapolis,
Minnesota (Driver, Prekker, Klein,
Reardon, Miner, Fagerstrom, McGill,
Cole); Department of Medicine,
Division of Pulmonary and Critical
Care, Hennepin County Medical
Center, Minneapolis, Minnesota
(Prekker); University of Minnesota
School of Medicine, Minneapolis
(Cleghorn).

Corresponding Author: Brian E.
Driver, MD, Department of
Emergency Medicine, 701 Park Ave,
Mail Stop R2, Minneapolis, MN 55415
(briandriver@gmail.com).

Research

JAMA | Original Investigation

(Reprinted) E1

jamanetwork/2018/jama/05_16_2018/joi180054pap PAGE: right 1 SESS: 43 OUTPUT: May 11 12:13 2018
© 2018 American Medical Association. All rights reserved.

Downloaded From:  by TOKYO BAY MEDICAL CTR, jun kataoka on 05/20/2018

( ) ( ( ( )( )( (  



r A E
c J )

J aAe
e

n

435 086;7 265 % 13 .  % - %

086;7 265 %) :;. ) ( -

�

�

c p %) Jm Jd
g M A



EO O A

Figure 1. 
Incidence of one or more adverse events and incidence of specific adverse events versus 
number of attempts.
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The Importance of First Pass Success When Performing 
Orotracheal Intubation in the Emergency Department

John C. Sakles, MD, Stephen Chiu, MD, Jarrod Mosier, MD, Corrine Walker, MD, and Uwe 
Stolz, PhD, MPH
Department of Emergency Medicine, University of Arizona (JCS, JM, CW, US), Tucson, AZ; and 
the University of Arizona College of Medicine (SC), Tucson, AZ

Abstract
Objectives—The goal of this study was to determine the association of first pass success with 
the incidence of adverse events (AEs) during emergency department (ED) intubations.

Methods—This was a retrospective analysis of prospectively collected continuous quality 
improvement data based on orotracheal intubations performed in an academic ED over a 4-year 
period. Following each intubation, the operator completed a data form regarding multiple aspects 
of the intubation, including patient and operator characteristics, method of intubation, device used, 
the number of attempts required, and AEs. Numerous AEs were tracked and included events such 
as witnessed aspiration, oxygen desaturation, esophageal intubation, hypotension, dysrhythmia, 
and cardiac arrest. Multivariable logistic regression was used to assess the relationship between 
the primary predictor variable of interest, first pass success, and the outcome variable, the 
presence of one or more AEs, after controlling for various other potential risk factors and 
confounders.

Results—Over the 4-year study period, there were 1,828 orotracheal intubations. If the 
intubation was successful on the first attempt, the incidence of one or more AEs was 14.2% (95% 
confidence interval [CI] = 12.4% to 16.2%). In cases requiring two attempts, the incidence of one 
or more AEs was 47.2% (95% CI = 41.8% to 52.7%); in cases requiring three attempts, the 
incidence of one or more AEs was 63.6% (95% CI = 53.7% to 72.6%); and in cases requiring four 
or more attempts, the incidence of one or more AEs was 70.6% (95% CI = 56.2.3% to 82.5%). 
Multivariable logistic regression showed that more than one attempt at tracheal intubation was a 
significant predictor of one or more AEs (adjusted odds ratio [aOR] = 7.52, 95% CI = 5.86 to 
9.63).

Conclusions—When performing orotracheal intubation in the ED, first pass success is 
associated with a relatively small incidence of AEs. As the number of attempts increases, the 
incidence of AEs increases substantially.

The concept of first pass success is frequently promoted as the goal of emergency 
intubation. However, there is surprisingly little published evidence to support this. Data 
from the anesthesia literature have revealed that multiple attempts at tracheal intubation are 
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【図２】麻酔導入時の日本麻酔科学会(JSA)気道管理アルゴリズム(JSA-AMA)   
 

 

CTM(cricothyroid membrane)：輪状甲状膜 
 
*１：図５に列挙された方法を使ってマスク換気を改善するよう試みる。 
*２：同一施行者による操作あるいは同一器具を用いた操作を、特に直視型喉頭鏡またはビデオ喉
頭鏡で３回以上繰り返すことは避けるべきである。迅速導入においては誤嚥リスクを考慮する。 
*３：(1)意識と自発呼吸を回復させる、(2)ファイバースコープの援助あるいはなしで声門上器具を
通しての挿管、(3)声門上器具のサイズやタイプの変更、(4)外科的気道確保、(5)その他の適切な方
法 などの戦略が考えられる。 
*４：大口径の静脈留置針による穿刺や緊急ジェット換気は避けるべきである。 
*５：より小口径の気管チューブを挿入する。 
*６： (1)意識と自発呼吸を回復させる、(2)気管切開、及び(3)気管挿管を試みる などの戦略が考
えられる 
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日本麻酔科学会気道管理ガイドライン 2014（日本語訳） 
より安全な麻酔導入のために 

日本麻酔科学会 
 
本ガイドラインは、日本麻酔科学会機関誌である Journal of Anesthesia 誌に出版された内容を日本語訳し
たものである。（JSA airway management guideline 2014: to improve the safety of induction of 
anesthesia. Japanese Society of Anesthesiologists. J Anesth 2014 Aug;28(4):482-93.） 

このガイドラインの目的 
 全身麻酔を導入することで、呼吸器系の制御機構、中でも上気道開存を維持する能力は
大きく損なわれる。患者の安全を確保するため、麻酔科医は麻酔導入時に気道を確保する
必要がある。にもかかわらず、麻酔管理が原因の心停止・死亡の主要な原因の一つは、導
入時気道管理の失敗である[1-3]。この気道管理ガイドラインは、麻酔科医が日々の臨床麻
酔において、すべての患者に安全な気道管理を施行する一助となることを目的としている。 
このガイドラインでは麻酔導入中の酸素化の維持を最も重要と考える。近い将来、麻酔覚
醒時の安全を確保するために推奨される手順も、このガイドラインに加わるべきである
（Q1: 96%）*。 
 
 日本麻酔科学会（the Japanese Society of Anesthesiologists : JSA）は、麻酔がこの
ガイドラインに則って施行されることを推奨する。もちろん、この場合の麻酔施行者はJSA
会員に限定されるものではない。このガイドラインで推奨されている内容は、現場での必
要性や制約に応じて、そのまま適用されることも、修正されることも、あるいは、受け入
れられず不履行とされることがあってよい。このガイドラインは、気道管理における医療
水準や絶対的必要条件となることを意図して作成されているわけではない。この気道管理
ガイドラインを遵守すれば患者予後が改善するということを保証するわけではない。今後、
周術期気道管理の知識・技術・施行方法が進歩することにより、このガイドラインは改変
されていくことになる。 
＊脚注：（Q#:%）文に示された意見に対してのガイドライン作成委員 26名の賛成率 

このガイドラインの作成経緯とエビデンスレベル 
 理想的には、エビデンスに基づいた気道管理ガイドラインを作成するべきであるが、そ
れは容易ではない。その理由として、第一に、気道確保困難に関連した死亡、脳死、心停
止のような重篤な合併症は稀にしかおきず、また、それらはしばしば麻酔導入中に予期せ
ず発生するからである。そして、第二に、ある特定の気道管理戦略の優位性を支持する高
いレベルのエビデンスはなかなか存在しないからである。現存する多くの気道確保困難ガ
イドラインと同様、JSA気道管理ガイドラインは、主に気道管理と安全管理の専門家 26
人の意見を基に作成された[4-6]。既存の気道確保困難アルゴリズムに共通する基本骨格、
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received from active American Society of Anesthesiologists 
members (table 6).

An additional survey was sent to the expert consultants 
asking them to indicate which, if any, of the evidence link-
ages would change their clinical practices if the Guideline 
update was instituted. The rate of return was 24% (n = 25 
of 105). The percent of responding consultants expecting 
no change associated with each linkage were as follows: 
(1) airway history = 84%, (2) airway physical examina-
tion =88%, (3) preparation of patient and equipment = 
80%, and (4) difficult airway strategy = 80%, extubation 

strategy =64% and follow-up care = 72%. Eighty-eight 
percent of the respondents indicated that the Guidelines 
would have no effect on the amount of time spent on a 
typical case, and 12% indicated that there would be an 
increase of the amount of time spent on a typical case 
with the implementation of these Guidelines. Hundred 
percent indicated that new equipment, supplies, or train-
ing would not be needed to implement the Guidelines, 
and 100% indicated that implementation of the Guide-
lines would not require changes in practice that would 
affect costs.

Table 1. Components of the Preoperative Airway Physical Examination 

Airway Examination Component Nonreassuring Findings

 Length of upper incisors Relatively long
 Relationship of maxillary and mandibular incisors  
during normal jaw closure

Prominent “overbite” (maxillary incisors anterior to mandibu-
lar incisors)

 Relationship of maxillary and mandibular incisors  
during voluntary protrusion of mandible

Patient cannot bring mandibular incisors anterior to (in front 
of) maxillary incisors

 Interincisor distance Less than 3 cm
 Visibility of uvula Not visible when tongue is protruded with patient in sitting  

position (e.g., Mallampati class >2)
 Shape of palate Highly arched or very narrow
 Compliance of mandibular space Stiff, indurated, occupied by mass, or nonresilient
 Thyromental distance Less than three ordinary finger breadths
 Length of neck Short
 Thickness of neck Thick
 Range of motion of head and neck Patient cannot touch tip of chin to chest or cannot  

extend neck

This table displays some findings of the airway physical examination that may suggest the presence of a difficult intubation. The decision 
to examine some or all of the airway components shown on this table is dependent on the clinical context and judgment of the practi-
tioner. The table is not intended as a mandatory or exhaustive list of the components of an airway examination. The order of presentation 
in this table follows the “line of sight” that occurs during conventional oral laryngoscopy.

Table 3. Techniques for Difficult Airway Management 

Techniques for Difficult  
Intubation

Techniques for Difficult 
Ventilation

Awake intubation Intratracheal jet stylet
Blind intubation (oral or nasal) Invasive airway access
Fiberoptic intubation Supraglottic airway
Intubating stylet or 

tube-changer
Oral and nasopharyn-

geal airways
Supraglottic airway as an  

intubating conduit
Rigid ventilating  

bronchoscope
Laryngoscope blades of 

varying design and size
Two-person mask  

ventilation
Light wand
Videolaryngoscope

This table displays commonly cited techniques. It is not a 
comprehensive list. The order of presentation is alphabeti-
cal and does not imply preference for a given technique or 
sequence of use. Combinations of techniques may be used. 
The techniques chosen by the practitioner in a particular case 
will depend on specific needs, preferences, skills, and clinical 
constraints.

Table 2. Suggested Contents of the Portable Storage 
Unit for Difficult Airway Management 

Rigid laryngoscope blades of alternate design and  
size from those routinely used; this may include a rigid 
fiberoptic laryngoscope.

Videolaryngoscope.
Tracheal tubes of assorted sizes.
Tracheal tube guides. Examples include (but are not  

limited to) semirigid stylets, ventilating tube-changer, 
light wands, and forceps designed to manipulate the 
distal portion of the tracheal tube.

Supraglottic airways (e.g., LMA or ILMA of assorted  
sizes for noninvasive airway ventilation/intubation).

Flexible fiberoptic intubation equipment.
Equipment suitable for emergency invasive airway 

access.
An exhaled carbon dioxide detector.

The items listed in this table represent suggestions. The contents 
of the portable storage unit should be customized to meet the 
specific needs, preferences, and skills of the practitioner and 
healthcare facility.
ILMA = intubating LMA; LMA = laryngeal mask airway.

Copyright © by the American Society of Anesthesiologists. Unauthorized reproduction of this article is prohibited.
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a. Other options include (but are not limited to): surgery 
utilizing face mask or supraglottic airway (SGA) anesthesia 
(e.g., LMA, ILMA, laryngeal tube), local anesthesia infiltra-
tion or regional nerve blockade.  Pursuit of these options 
usually implies that mask ventilation will not be problem-
atic.  Therefore, these options may be of limited value if this 
step in the algorithm has been reached via the Emergency 
Pathway.
b. Invasive airway access includes surgical or percutaneous 
airway, jet ventilation, and retrograde intubation.

c. Alternative difficult intubation approaches include (but 
are not limited to): video-assisted laryngoscopy, alternative 
laryngoscope blades, SGA (e.g., LMA or ILMA) as an intuba-
tion conduit (with or without fiberoptic guidance), fiberoptic 
intubation, intubating stylet or tube changer, light wand, and 
blind oral or nasal intubation.
d. Consider re-preparation of the patient for awake intuba-
tion or canceling surgery.
e. Emergency non-invasive airway ventilation consists of a 
SGA.

AWAKE INTUBATION

Airway approached by Invasive Airway Access(b)*

Noninvasive intubation

Succeed*

Cancel Consider feasibility Invasive
Case of other options(a) airway access(b)*

DIFFICULT AIRWAY ALGORITHM

1.  Assess the likelihood and clinical impact of basic management problems: 
=� Difficulty with patient cooperation or consent 
=� Difficult mask ventilation 
=� Difficult supraglottic airway placement 
=� Difficult laryngoscopy 
=� Difficult intubation 
=� Difficult surgical airway access 

2.  Actively pursue opportunities to deliver supplemental oxygen throughout the process of difficult airway 
management. 

3.  Consider the relative merits and feasibility of basic management choices: 

=� Awake intubation vs. intubation after induction of general anesthesia 
=� Non-invasive technique vs. invasive techniques for the initial approach to intubation 
=� Video-assisted laryngoscopy as an initial approach to intubation 
=� Preservation vs. ablation of spontaneous ventilation 

4.  Develop primary and alternative strategies: 

FACE MASK VENTILATION ADEQUATE FACE MASK VENTILATION NOT ADEQUATE 

CONSIDER/ATTEMPT SGA 

SGA ADEQUATE* SGA NOT ADEQUATE 
OR NOT FEASIBLE 

NONEMERGENCY PATHWAY EMERGENCY PATHWAY 
Ventilation not adequate, intubation unsuccessful e, intubation unsuccessfultauqedanoitalitneV

Alternative approaches
to intubation(c)

Call for help 

Emergency noninvasive airway ventilation(e)

Successful FAIL after 
noitalitnevlufsseccuSstpmettaelpitlumIntubation* * FAIL 

ycnegremE
wriaevisavninekawAytilibisaefredisnoCevisavnI ay 

   airway access(b)*   of other options(a) patient(d)   access(b)*

INTUBATION AFTER
INDUCTION OF GENERAL ANESTHESIA 

Initial intubation  Initial intubation 
attempts successful* Attempts UNSUCCESSFUL 

SDRAWNOTNIOPSIHTMORF
:REDISNOC

.plehrofgnillaC.1
otgninruteR.2

.noitalitnevsuoenatnops
.tneitapehtgninekawA.3

IF BOTH
FACE MASK

AND SGA
VENTILATIO N

BECOME
INADEQUATE

FAIL 

Fig. 1. Difficult Airway Algorithm.

*Confirm ventilation, tracheal intubation, or SGA placement with exhaled CO2.

Copyright © by the American Society of Anesthesiologists. Unauthorized reproduction of this article is prohibited.
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are not limited to): video-assisted laryngoscopy, alternative 
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Difficult Airway Society 2015 guidelines for
management of unanticipated difficult intubation
in adults†
C. Frerk1,*, V. S. Mitchell2, A. F. McNarry3, C. Mendonca4, R. Bhagrath5, A. Patel6,
E. P. O’Sullivan7, N. M. Woodall8 and I. Ahmad9, Difficult Airway Society
intubation guidelines working group
1Department of Anaesthesia, Northampton General Hospital, Billing Road, Northampton NN1 5BD, UK,
2Department of Anaesthesia and Perioperative Medicine, University College London Hospitals NHS Foundation
Trust, 235 Euston Road, London NW1 2BU, UK, 3Department of Anaesthesia, NHS Lothian, Crewe Road South,
Edinburgh EH4 2XU, UK, 4Department of Anaesthesia, University Hospitals Coventry &Warwickshire NHS Trust,
Clifford Bridge Road, Coventry CV2 2DX, UK, 5Department of Anaesthesia, Barts Health, West Smithfield, London
EC1A 7BE, UK, 6Department of Anaesthesia, The Royal National Throat Nose and Ear Hospital, 330 Grays Inn Road,
London WC1X 8DA, UK, 7Department of Anaesthesia, St James’s Hospital, PO Box 580, James’s Street, Dublin 8,
Ireland, 8Department of Anaesthesia, The Norfolk and Norwich University Hospitals NHS Foundation Trust,
Colney Lane, Norwich NR4 7UY, UK, and 9Department of Anaesthesia, Guy’s and St Thomas’NHS Foundation
Trust, Great Maze Pond, London SE1 9RT, UK

*Corresponding author. E-mail: chris.frerk@ngh.nhs.uk

Abstract
These guidelines provide a strategy tomanage unanticipated difficultywith tracheal intubation. Theyare founded on published
evidence. Where evidence is lacking, they have been directed by feedback from members of the Difficult Airway Society and
based on expert opinion. These guidelines have been informed by advances in the understanding of crisis management; they
emphasize the recognition and declaration of difficulty during airway management. A simplified, single algorithm now covers
unanticipated difficulties in both routine intubation and rapid sequence induction. Planning for failed intubation should form
part of the pre-induction briefing, particularly for urgent surgery. Emphasis is placed on assessment, preparation, positioning,
preoxygenation, maintenance of oxygenation, and minimizing trauma from airway interventions. It is recommended that the
number of airway interventions are limited, and blind techniques using a bougie or through supraglottic airway devices have
been superseded by video- or fibre-optically guided intubation. If tracheal intubation fails, supraglottic airway devices are
recommended to provide a route for oxygenation while reviewing how to proceed. Second-generation devices have advantages
and are recommended.When both tracheal intubation and supraglottic airway device insertion have failed, waking the patient
is the default option. If at this stage, face-mask oxygenation is impossible in the presence of muscle relaxation,
cricothyroidotomy should follow immediately. Scalpel cricothyroidotomy is recommended as the preferred rescue technique
and should be practised by all anaesthetists. The plans outlined are designed to be simple and easy to follow. They should be
regularly rehearsed and made familiar to the whole theatre team.

† This Article is accompanied by Editorials aev298 and aev404.
Accepted: September 28, 2015
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Effect of Use of a Bougie vs Endotracheal Tube and Stylet
on First-Attempt Intubation Success Among Patients
With Difficult Airways Undergoing Emergency Intubation
A Randomized Clinical Trial
Brian E. Driver, MD; Matthew E. Prekker, MD; Lauren R. Klein, MD; Robert F. Reardon, MD; James R. Miner, MD; Erik T. Fagerstrom, BA;
Mitchell R. Cleghorn, BS; John W. McGill, MD; Jon B. Cole, MD

IMPORTANCE The tracheal tube introducer, known as the bougie, is typically used to aid
tracheal intubation in poor laryngoscopic views or after intubation attempts fail. The effect of
routine bougie use on first-attempt intubation success is unclear.

OBJECTIVE To compare first attempt intubation success facilitated by the bougie vs the
endotracheal tube + stylet.

DESIGN, SETTING, AND PATIENTS The Bougie Use in Emergency Airway Management (BEAM)
trial was a randomized clinical trial conducted from September 2016 through August 2017 in
the emergency department at Hennepin County Medical Center, an urban, academic
department in Minneapolis, Minnesota, where emergency physicians perform all
endotracheal intubations. Included patients were 18 years and older who were consecutively
admitted to the emergency department and underwent emergency orotracheal intubation
with a Macintosh laryngoscope blade for respiratory arrest, difficulty breathing, or airway
protection.

INTERVENTIONS Patients were randomly assigned to undergo the initial intubation attempt
facilitated by bougie (n = 381) or endotracheal tube + stylet (n = 376).

MAIN OUTCOMES AND MEASURES The primary outcome was first-attempt intubation success
in patients with at least 1 difficult airway characteristic (body fluids obscuring the laryngeal
view, airway obstruction or edema, obesity, short neck, small mandible, large tongue, facial
trauma, or the need for cervical spine immobilization). Secondary outcomes were
first-attempt success in all patients, first-attempt intubation success without hypoxemia,
first-attempt duration, esophageal intubation, and hypoxemia.

RESULTS Among 757 patients who were randomized (mean age, 46 years; women, 230
[30%]), 757 patients (100%) completed the trial. Among the 380 patients with at least 1
difficult airway characteristic, first-attempt intubation success was higher in the bougie group
(96%) than in the endotracheal tube + stylet group (82%) (absolute between-group
difference, 14% [95% CI, 8% to 20%]). Among all patients, first-attempt intubation success
in the bougie group (98%) was higher than the endotracheal tube + stylet group (87%)
(absolute difference, 11% [95% CI, 7% to 14%]). The median duration of the first intubation
attempt (38 seconds vs 36 seconds) and the incidence of hypoxemia (13% vs 14%) did not
differ significantly between the bougie and endotracheal tube + stylet groups.

CONCLUSIONS AND RELEVANCE In this emergency department, use of a bougie compared with
an endotracheal tube + stylet resulted in significantly higher first-attempt intubation success
among patients undergoing emergency endotracheal intubation. However, these findings should
be considered provisional until the generalizability is assessed in other institutions and settings.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT02902146

JAMA. doi:10.1001/jama.2018.6496
Published online May 16, 2018.
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pared by calculating the difference in the proportions or me-
dian difference, as appropriate, between groups, and the as-
sociated 95% CI. Hodges-Lehmann median between-group
differences and the associated 95% CIs were calculated for con-
tinuous variables. Tests of significance were completed using
the χ2 test for binary outcomes and the Wilcoxon rank sum test
for continuous outcomes, using a 2-sided threshold of .05. Be-
cause the primary outcome analysis was performed on the sub-
group of patients with a difficult airway characteristic, we
tested for the effect modification of this variable with a test
of interaction. In addition, the duration of the first intubation
attempt was analyzed using Kaplan-Meier estimates and a log-
rank test; hazard ratios were estimated using an unadjusted
Cox proportional hazards model. Schoenfeld residuals and data
visualization were used to test for proportionality.

Unplanned subgroup analyses were performed for vari-
ables of clinical interest. These analyses were exploratory in
nature, and a test of interaction for each subgroup was per-
formed. No corrections were made for multiple comparisons.
In addition, because individual physician intubation ability can
affect first-attempt success, a post hoc analysis accounting for
clustering by physician was also completed.

Missing data were left as such, and imputation was not per-
formed. A data and safety monitoring board was established;

1 interim analysis evaluating for futility was completed at the
midpoint of the trial (Supplement 2). Because this interim
analysis assessed only for futility and not superiority, no ad-
justments were made to the significance threshold. Stata (Stata-
Corp), version 15.1, was used for data analysis.

Results
Trial Patients
A total of 380 patients with a difficult airway characteristic were
enrolled. Figure 1 shows the flow of patients into the trial. In
total, 757 patients were enrolled and randomized to be intu-
bated using either the bougie (381 patients, including 198 with
a difficult airway characteristic) or an endotracheal tube + sty-
let (376 patients, including 182 with a difficult airway charac-
teristic). There were 51 unique emergency physicians who in-
tubated at least 1 patient in the trial; 44 physicians intubated
patients randomized to the bougie group on the first intuba-
tion attempt, whereas 40 physicians intubated patients ran-
domized to the endotracheal tube + stylet group. The me-
dian number of intubations per physician was 8 (interquartile
range, 1-26; range, 1-61). Adherence to the randomized allo-
cation was 98% in the bougie group and 92% in the endotra-

Figure 1. Flow of Patients Through the Study

3768 Individuals assessed for eligibility

3011 Excluded
2938 Did not meet inclusion criteria

28 Prisoners
27 Had known distortion of the upper airway
22 Not intubated with Macintosh laryngoscope
15 Known or expected pregnancy

30 Intubated too quickly to enroll
20 No research staff available
16 Physician refused enrollmenta

6 Patient or legally authorized representative
declined enrollment

1 Unknown

2785 Not intubated

73 Met inclusion criteria but were not randomized

61 Younger than 18 y

757 Randomized and enrolled 
380 Had a difficult airway

characteristic

381 Randomized to intubation using
a bougie
372 Received intervention as

randomized
4 Had endotracheal tube and

stylet passed first
5 Had no device passedb

198 Had a difficult airway characteristic
191 Received intervention as

randomized
2 Had tracheal tube passed first
5 Had no device passedb

198 Included in primary analysis

381 Included in subgroup analysis

376 Randomized to intubation using
endotracheal tube and stylet
345 Received intervention as

randomized
25 Had bougie passed first
6 Had no device passedb

182 Had a difficult airway characteristic
161 Received intervention as

randomized
18 Had bougie passed first
3 Had no device passedb

182 Included in primary analysis

376 Included in subgroup analysis

Difficult airway characteristics were
defined as body fluids obscuring the
laryngeal view, airway obstruction or
edema, obesity, short neck, small
mandible, large tongue, facial trauma,
or the need for cervical spine
immobilization.
a Of the 16 patients who were refused

randomization by the physician,
data are available for 15. The bougie
was used in all 15 cases, with
first-attempt success in 14 of 15
patients (93%). Reasons for
protocol deviations and refusal
included anticipated difficult airway
and perceived need for more rapid
intubation. Of the 25 patients in the
endotracheal tube + stylet group
with a protocol deviation (a bougie
was passed first rather than an
endotracheal tube + stylet), 23 had
first-attempt success (92%).

b These patients, after laryngoscope
insertion, did not have passage of a
bougie or endotracheal
tube + stylet attempted. All were
considered to have first-attempt
failure and were intubated on
subsequent attempts.
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cheal tube + stylet group. The 2 groups were well balanced in
terms of patient characteristics and clinical indications for in-
tubation (Table 1) and intubation process measures (Table 2).

Primary Outcome
Among the 380 patients with at least 1 difficult airway char-
acteristic, first-attempt intubation success was higher in the

bougie group (96%) than in the endotracheal tube + stylet
group (82%); absolute between-group difference, 14% (95% CI,
8%-20%). An analysis accounting for clustering by physician
did not significantly change the study results (eTable 1 in
Supplement 2).

Secondary Trial Outcomes
Among the study population as a whole, first-attempt intuba-
tion success in the bougie group (98%) was higher than the en-
dotracheal tube + stylet group (87%); absolute difference, 11%
(95% CI, 7%-14%). For patients without any difficult airway
characteristics, first-attempt intubation success in the bou-
gie group was 99% compared with 92% in the endotracheal
tube + stylet group (absolute difference, 8% [95% CI, 4%-
12%]). There was no significant interaction between bougie use
and presence of difficult airway characteristics on the out-
come of first-attempt intubation success (P = .36). Table 3 pro-
vides secondary outcomes of this trial.

In exploratory analyses, the effect of the bougie over a en-
dotracheal tube + stylet in facilitating first-attempt intuba-
tion success was also present in several subgroups, including
patients requiring cervical in-line immobilization (100% vs
78%, respectively), obese patients (96% vs 75%), and pa-
tients with incomplete glottic views on laryngoscopy corre-
sponding to Cormack-Lehane grades 2 to 4 (97% vs 60%)
(Table 3).

Kaplan-Meier estimates of time until first-attempt intu-
bation success for patients with a difficult airway character-
istic are displayed in Figure 2. There was a significant differ-
ence in intubation times between the 2 groups (log-rank
P = .02; hazard ratio for first-attempt intubation success in the
bougie group, 1.29 [95% CI, 1.04-1.60], with endotracheal
tube + stylet group as reference). Kaplan-Meier estimates in-
cluding all patients are displayed in eFigure 1 in Supplement
2. There was no significant difference between groups (log-
rank P value, 0.12; hazard ratio for the bougie group, 1.12 [95%
CI, 0.97-1.30], with endotracheal tube + stylet group as refer-
ence). Analysis of scaled Schoenfeld residuals and data visu-
alization demonstrated that the assumption of proportional
hazards was not upheld. In an unplanned, post hoc subgroup
analysis including only patients with a successful first at-
tempt, the bougie use resulted in a longer median first-
attempt duration than the endotracheal tube (38 seconds vs
34 seconds; absolute difference, 4 seconds [95% CI, 2-7])
(Table 3).

Other Outcomes
In total, the bougie was used in 444 patients; tracheal clicks
(tactile vibrations felt by the operator as the bougie tip scrapes
along the tracheal rings) were reported in 404 intubations
(91%). Although it was not mandated that the operator verify
a hold-up sign upon bougie advancement (caused by the dis-
tal bougie wedging in a bronchus at a bougie depth of about
30 cm, thus confirming correct placement; if no hold-up oc-
curs by 35 cm, this indicates esophageal placement), the
hold-up sign was reported in 283 intubations (64%). During in-
tubation over a bougie, the endotracheal tube tip met resis-
tance on the arytenoid cartilages in 31 patients (7%); in all but

Table 1. Baseline Characteristics of Patients Admitted to the Emergency
Department Undergoing Orotracheal Intubation Using a Bougie vs an
Endotracheal Tube + Stylet

Characteristic

Bougie Group,
No. (%)
(n = 381)

Endotracheal
Tube + Stylet
Group, No. (%)
(n = 376)

Age, mean (SD), y 46 (18) 46 (18)

Men 272 (71) 255 (68)

BMI, mean (SD)a 28 (7) 28 (7)

Heart rate, mean (SD), beats/minb 108 (25 107 (25)

Systolic blood pressure, mean (SD),
mm Hgb

135 (30) 134 (32)

Oxygen saturation, median (IQR), %b 99 (95-100) 99 (96-100)

<90%b 44/352 (13) 40/344 (12)

<80%b 21/352 (6) 11/344 (3)

Indication for intubation

Medical 318 (83) 315 (84)

Altered mental status 185 (49) 173 (46)

Cardiac arrest 32 (8) 23 (6)

Septic shock 21 (6) 27 (7)

Seizure 20 (5) 28 (7)

Asthma, COPD, heart failure,
pneumonia

16 (5) 23 (7)

Other 44 (14) 41 (13)

Trauma 63 (17) 61 (16)

Traumatic brain injury 29 (8) 23 (6)

Other 34 (9) 38 (10)

Difficult airway characteristic present 198 (52) 182 (48)

Blood or vomit in airway 83 (22) 67 (18)

Obesityc 57 (15) 68 (18)

Cervical immobilization 49 (13) 36 (10)

Large tongue 31 (8) 34 (9)

Short neck 28 (7) 28 (7)

Facial trauma 20 (5) 12 (3)

Small mandible 14 (4) 18 (5)

Airway obstruction or edema 8 (2) 4 (1)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); COPD, chronic obstructive pulmonary disease;
IQR, interquartile range.
a BMI was calculated by chart review using a measured weight and height.
b Initial vital signs were the first vital signs after enrollment but before

intubation. Not all had initial vital signs available due to not being connected to
the monitor or unreliability of the oximetry waveform: 61 (29 in bougie group;
32 in endotracheal tube + stylet group), 185 (94 in bougie group; 91 in
endotracheal tube + stylet group), and 43 (19 in bougie group; 24 in
endotracheal tube + stylet group) patients had no heart rate, systolic blood
pressure, and oxygen saturation, respectively, available before intubation.

c Sixty-four patients in the bougie group and 68 patients in the endotracheal
tube + stylet group had a BMI of !30 but were not classified as obese by the
intubating physician; these 132 patients had a mean BMI of 34. Those
considered obese by the intubating physician had a mean BMI of 37.
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cheal tube + stylet group. The 2 groups were well balanced in
terms of patient characteristics and clinical indications for in-
tubation (Table 1) and intubation process measures (Table 2).

Primary Outcome
Among the 380 patients with at least 1 difficult airway char-
acteristic, first-attempt intubation success was higher in the

bougie group (96%) than in the endotracheal tube + stylet
group (82%); absolute between-group difference, 14% (95% CI,
8%-20%). An analysis accounting for clustering by physician
did not significantly change the study results (eTable 1 in
Supplement 2).

Secondary Trial Outcomes
Among the study population as a whole, first-attempt intuba-
tion success in the bougie group (98%) was higher than the en-
dotracheal tube + stylet group (87%); absolute difference, 11%
(95% CI, 7%-14%). For patients without any difficult airway
characteristics, first-attempt intubation success in the bou-
gie group was 99% compared with 92% in the endotracheal
tube + stylet group (absolute difference, 8% [95% CI, 4%-
12%]). There was no significant interaction between bougie use
and presence of difficult airway characteristics on the out-
come of first-attempt intubation success (P = .36). Table 3 pro-
vides secondary outcomes of this trial.

In exploratory analyses, the effect of the bougie over a en-
dotracheal tube + stylet in facilitating first-attempt intuba-
tion success was also present in several subgroups, including
patients requiring cervical in-line immobilization (100% vs
78%, respectively), obese patients (96% vs 75%), and pa-
tients with incomplete glottic views on laryngoscopy corre-
sponding to Cormack-Lehane grades 2 to 4 (97% vs 60%)
(Table 3).

Kaplan-Meier estimates of time until first-attempt intu-
bation success for patients with a difficult airway character-
istic are displayed in Figure 2. There was a significant differ-
ence in intubation times between the 2 groups (log-rank
P = .02; hazard ratio for first-attempt intubation success in the
bougie group, 1.29 [95% CI, 1.04-1.60], with endotracheal
tube + stylet group as reference). Kaplan-Meier estimates in-
cluding all patients are displayed in eFigure 1 in Supplement
2. There was no significant difference between groups (log-
rank P value, 0.12; hazard ratio for the bougie group, 1.12 [95%
CI, 0.97-1.30], with endotracheal tube + stylet group as refer-
ence). Analysis of scaled Schoenfeld residuals and data visu-
alization demonstrated that the assumption of proportional
hazards was not upheld. In an unplanned, post hoc subgroup
analysis including only patients with a successful first at-
tempt, the bougie use resulted in a longer median first-
attempt duration than the endotracheal tube (38 seconds vs
34 seconds; absolute difference, 4 seconds [95% CI, 2-7])
(Table 3).

Other Outcomes
In total, the bougie was used in 444 patients; tracheal clicks
(tactile vibrations felt by the operator as the bougie tip scrapes
along the tracheal rings) were reported in 404 intubations
(91%). Although it was not mandated that the operator verify
a hold-up sign upon bougie advancement (caused by the dis-
tal bougie wedging in a bronchus at a bougie depth of about
30 cm, thus confirming correct placement; if no hold-up oc-
curs by 35 cm, this indicates esophageal placement), the
hold-up sign was reported in 283 intubations (64%). During in-
tubation over a bougie, the endotracheal tube tip met resis-
tance on the arytenoid cartilages in 31 patients (7%); in all but

Table 1. Baseline Characteristics of Patients Admitted to the Emergency
Department Undergoing Orotracheal Intubation Using a Bougie vs an
Endotracheal Tube + Stylet

Characteristic

Bougie Group,
No. (%)
(n = 381)

Endotracheal
Tube + Stylet
Group, No. (%)
(n = 376)

Age, mean (SD), y 46 (18) 46 (18)

Men 272 (71) 255 (68)

BMI, mean (SD)a 28 (7) 28 (7)

Heart rate, mean (SD), beats/minb 108 (25 107 (25)

Systolic blood pressure, mean (SD),
mm Hgb

135 (30) 134 (32)

Oxygen saturation, median (IQR), %b 99 (95-100) 99 (96-100)

<90%b 44/352 (13) 40/344 (12)

<80%b 21/352 (6) 11/344 (3)

Indication for intubation

Medical 318 (83) 315 (84)

Altered mental status 185 (49) 173 (46)

Cardiac arrest 32 (8) 23 (6)

Septic shock 21 (6) 27 (7)

Seizure 20 (5) 28 (7)

Asthma, COPD, heart failure,
pneumonia

16 (5) 23 (7)

Other 44 (14) 41 (13)

Trauma 63 (17) 61 (16)

Traumatic brain injury 29 (8) 23 (6)

Other 34 (9) 38 (10)

Difficult airway characteristic present 198 (52) 182 (48)

Blood or vomit in airway 83 (22) 67 (18)

Obesityc 57 (15) 68 (18)

Cervical immobilization 49 (13) 36 (10)

Large tongue 31 (8) 34 (9)

Short neck 28 (7) 28 (7)

Facial trauma 20 (5) 12 (3)

Small mandible 14 (4) 18 (5)

Airway obstruction or edema 8 (2) 4 (1)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); COPD, chronic obstructive pulmonary disease;
IQR, interquartile range.
a BMI was calculated by chart review using a measured weight and height.
b Initial vital signs were the first vital signs after enrollment but before

intubation. Not all had initial vital signs available due to not being connected to
the monitor or unreliability of the oximetry waveform: 61 (29 in bougie group;
32 in endotracheal tube + stylet group), 185 (94 in bougie group; 91 in
endotracheal tube + stylet group), and 43 (19 in bougie group; 24 in
endotracheal tube + stylet group) patients had no heart rate, systolic blood
pressure, and oxygen saturation, respectively, available before intubation.

c Sixty-four patients in the bougie group and 68 patients in the endotracheal
tube + stylet group had a BMI of !30 but were not classified as obese by the
intubating physician; these 132 patients had a mean BMI of 34. Those
considered obese by the intubating physician had a mean BMI of 37.
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cheal tube + stylet group. The 2 groups were well balanced in
terms of patient characteristics and clinical indications for in-
tubation (Table 1) and intubation process measures (Table 2).

Primary Outcome
Among the 380 patients with at least 1 difficult airway char-
acteristic, first-attempt intubation success was higher in the

bougie group (96%) than in the endotracheal tube + stylet
group (82%); absolute between-group difference, 14% (95% CI,
8%-20%). An analysis accounting for clustering by physician
did not significantly change the study results (eTable 1 in
Supplement 2).

Secondary Trial Outcomes
Among the study population as a whole, first-attempt intuba-
tion success in the bougie group (98%) was higher than the en-
dotracheal tube + stylet group (87%); absolute difference, 11%
(95% CI, 7%-14%). For patients without any difficult airway
characteristics, first-attempt intubation success in the bou-
gie group was 99% compared with 92% in the endotracheal
tube + stylet group (absolute difference, 8% [95% CI, 4%-
12%]). There was no significant interaction between bougie use
and presence of difficult airway characteristics on the out-
come of first-attempt intubation success (P = .36). Table 3 pro-
vides secondary outcomes of this trial.

In exploratory analyses, the effect of the bougie over a en-
dotracheal tube + stylet in facilitating first-attempt intuba-
tion success was also present in several subgroups, including
patients requiring cervical in-line immobilization (100% vs
78%, respectively), obese patients (96% vs 75%), and pa-
tients with incomplete glottic views on laryngoscopy corre-
sponding to Cormack-Lehane grades 2 to 4 (97% vs 60%)
(Table 3).

Kaplan-Meier estimates of time until first-attempt intu-
bation success for patients with a difficult airway character-
istic are displayed in Figure 2. There was a significant differ-
ence in intubation times between the 2 groups (log-rank
P = .02; hazard ratio for first-attempt intubation success in the
bougie group, 1.29 [95% CI, 1.04-1.60], with endotracheal
tube + stylet group as reference). Kaplan-Meier estimates in-
cluding all patients are displayed in eFigure 1 in Supplement
2. There was no significant difference between groups (log-
rank P value, 0.12; hazard ratio for the bougie group, 1.12 [95%
CI, 0.97-1.30], with endotracheal tube + stylet group as refer-
ence). Analysis of scaled Schoenfeld residuals and data visu-
alization demonstrated that the assumption of proportional
hazards was not upheld. In an unplanned, post hoc subgroup
analysis including only patients with a successful first at-
tempt, the bougie use resulted in a longer median first-
attempt duration than the endotracheal tube (38 seconds vs
34 seconds; absolute difference, 4 seconds [95% CI, 2-7])
(Table 3).

Other Outcomes
In total, the bougie was used in 444 patients; tracheal clicks
(tactile vibrations felt by the operator as the bougie tip scrapes
along the tracheal rings) were reported in 404 intubations
(91%). Although it was not mandated that the operator verify
a hold-up sign upon bougie advancement (caused by the dis-
tal bougie wedging in a bronchus at a bougie depth of about
30 cm, thus confirming correct placement; if no hold-up oc-
curs by 35 cm, this indicates esophageal placement), the
hold-up sign was reported in 283 intubations (64%). During in-
tubation over a bougie, the endotracheal tube tip met resis-
tance on the arytenoid cartilages in 31 patients (7%); in all but

Table 1. Baseline Characteristics of Patients Admitted to the Emergency
Department Undergoing Orotracheal Intubation Using a Bougie vs an
Endotracheal Tube + Stylet

Characteristic

Bougie Group,
No. (%)
(n = 381)

Endotracheal
Tube + Stylet
Group, No. (%)
(n = 376)

Age, mean (SD), y 46 (18) 46 (18)

Men 272 (71) 255 (68)

BMI, mean (SD)a 28 (7) 28 (7)

Heart rate, mean (SD), beats/minb 108 (25 107 (25)

Systolic blood pressure, mean (SD),
mm Hgb

135 (30) 134 (32)

Oxygen saturation, median (IQR), %b 99 (95-100) 99 (96-100)

<90%b 44/352 (13) 40/344 (12)

<80%b 21/352 (6) 11/344 (3)

Indication for intubation

Medical 318 (83) 315 (84)

Altered mental status 185 (49) 173 (46)

Cardiac arrest 32 (8) 23 (6)

Septic shock 21 (6) 27 (7)

Seizure 20 (5) 28 (7)

Asthma, COPD, heart failure,
pneumonia

16 (5) 23 (7)

Other 44 (14) 41 (13)

Trauma 63 (17) 61 (16)

Traumatic brain injury 29 (8) 23 (6)

Other 34 (9) 38 (10)

Difficult airway characteristic present 198 (52) 182 (48)

Blood or vomit in airway 83 (22) 67 (18)

Obesityc 57 (15) 68 (18)

Cervical immobilization 49 (13) 36 (10)

Large tongue 31 (8) 34 (9)

Short neck 28 (7) 28 (7)

Facial trauma 20 (5) 12 (3)

Small mandible 14 (4) 18 (5)

Airway obstruction or edema 8 (2) 4 (1)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); COPD, chronic obstructive pulmonary disease;
IQR, interquartile range.
a BMI was calculated by chart review using a measured weight and height.
b Initial vital signs were the first vital signs after enrollment but before

intubation. Not all had initial vital signs available due to not being connected to
the monitor or unreliability of the oximetry waveform: 61 (29 in bougie group;
32 in endotracheal tube + stylet group), 185 (94 in bougie group; 91 in
endotracheal tube + stylet group), and 43 (19 in bougie group; 24 in
endotracheal tube + stylet group) patients had no heart rate, systolic blood
pressure, and oxygen saturation, respectively, available before intubation.

c Sixty-four patients in the bougie group and 68 patients in the endotracheal
tube + stylet group had a BMI of !30 but were not classified as obese by the
intubating physician; these 132 patients had a mean BMI of 34. Those
considered obese by the intubating physician had a mean BMI of 37.
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Table 2. Intubation Process Measures Among Patients Admitted to the Emergency Department Undergoing Orotracheal Intubation Using a Bougie
vs an Endotracheal Tube + Stylet

Measure

Bougie Group,
No. (%)
(n = 381)

Endotracheal
Tube + Stylet
Group, No. (%)
(n = 376)

Difference, %
(95% CI) P Value

Preoxygenation
Non-rebreather mask 267 (70) 276 (73) −3 (−10 to 3) .31
Non-rebreather mask at flush rate oxygen, No. of patients/total patients with
non-rebreather masks (%)

204/267 (76) 210/276 (76) 0 (−7 to 7) .93

Bag and mask ventilation 47 (12) 37 (10) 2 (−2 to 7) .27
Noninvasive positive pressure ventilation 18 (5) 24 (6) −2 (−5 to 2) .32
Extraglottic device 27 (7) 17 (5) 3 (−1 to 6) .13

Preintubation sedative, anya 338 (89) 341 (91) −2 (−6 to 2) .37
Etomidate 332 (87) 333 (89) −1 (−6 to 3) .54
Ketamine 4 (1) 4 (1) 0 (−1 to 1) .99

Preintubation neuromuscular blockade, anyb 366 (96) 367 (98) −2 (−4 to 1) .23
Succinylcholine 214 (56) 229 (61) −5 (−12 to 2) .19
Rocuronium 147 (39) 137 (36) 2 (−5 to 9) .54

Patient position for intubation
Sniffing positionc 222 (58) 244 (65) −7 (−14 to 0) .06
Neutral cervical spine 117 (31) 96 (26) 5 (−1 to 12) .11
Cervical spine extension without sniffing position 39 (10) 32 (9) 2 (−2 to 6) .42

Oxygen saturation at start of intubation attempt, median (IQR), %d 100 (98-100) 100 (98-100) 0 (0 to 0) .60
<90%, No. of patients/total patients with data (%)d 22/360 (6) 27/343 (8) −2 (−6 to 2) .36
<80%, No. of patients/total patients with data (%)d 13/360 (4) 8/343 (2) 1 (−1 to 4) .32

Apneic oxygenation with nasal cannulae 221 (58) 227 (60) −2 (−9 to 5) .51
Operatorf

Emergency medicine senior resident or fellow (postgraduate year 3 or higher) 318 (83) 334 (89) −5 (−10 to 0) .03
Emergency medicine junior resident (postgraduate year 2 or below) 57 (15) 37 (10) 5 (0 to 10) .03
Emergency medicine faculty 8 (2) 5 (1) 1 (−1 to 3) .42

Laryngoscope used
C-MAC Macintosh blade 362 (95) 366 (97) −2 (−5 to 0) .10
GlideScope Titanium MAC blade 12 (3) 8 (2) 1 (−1 to 3) .38
Macintosh direct laryngoscope 7 (2) 2 (1) 1 (0 to 3) .10

Video screen use for video laryngoscopy, No. of patients/total patients with data (%)g

Screen never used 218/377 (58) 182/372 (49) 9 (2 to 16) .02
Screen viewed for entire attempt 78/377 (21) 90/372 (24) −4 (−9 to 2) .25
Screen viewed during passage of tube or bougie into glottis 75/377 (20) 98/372 (26) −6 (−12 to 0) .04

Best Cormack-Lehane view, No. of patients/total patients with data (%)h

Grade 1 (best view) 269/373 (72) 269/359 (75) −3 (−9 to 4) .39
Grade 2 74/373 (20) 62/359 (17) 3 (−3 to 8) .39
Grade 3 27/373 (7) 23/359 (6) 1 (−3 to 4) .66
Grade 4 (worst view) 3/373 (1) 5/359 (1) −1 (−2 to 1) .44

First device entered into mouth after laryngoscope
Bougie 372 (98) 25 (7) 91 (88 to 94) <.001
Endotracheal tube + stylet 4 (1) 345 (92) −91 (−94 to −88) <.001
Laryngoscope withdrawn before attempted passage of bougie or endotracheal
tube + stylet

5 (1) 6 (2) 0 (−2 to 1) .75

Abbreviation: IQR, interquartile range.
a Of the 78 patients without sedative administration, 53 (68%; 31 and 22 in the

bougie and endotracheal tube + stylet groups, respectively) had received
sedation prehospital or were in cardiac arrest. Sedatives other than ketamine
or etomidate are not listed.

b Drugs other than succinylcholine and rocuronium are not listed.
c The sniffing position was defined as flexion of the neck and extension of the

atlanto-occipital joint to align the external auditory meatus with the sternal
notch.

d Twenty-one patients in the bougie group and 33 patients in endotracheal
tube + stylet group did not have an oxygen saturation at the start of the
attempt due to an unreliable oximetry waveform.

e Nasal cannula left in place during intubation.
f This lists the final intubating physician. During the course of intubation, a

change of intubating physician occurred 8 times total, 4 times per group.
g Video screen use was determined by the intubating physician, and

documented on the postintubation data form. There were 4 missing values in
each group.

h Grade 1: all or most of the glottic opening seen; grade 2: only the posterior
portion of the glottis or only arytenoid cartilages are visible; grade 3: only the
epiglottis but no portion of the glottis is visible; grade 4: neither the glottis nor
the epiglottis can be seen. There are missing data for 8 patients in the bougie
group and 17 patients in the endotracheal tube + stylet group.
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Table 2. Intubation Process Measures Among Patients Admitted to the Emergency Department Undergoing Orotracheal Intubation Using a Bougie
vs an Endotracheal Tube + Stylet

Measure

Bougie Group,
No. (%)
(n = 381)

Endotracheal
Tube + Stylet
Group, No. (%)
(n = 376)

Difference, %
(95% CI) P Value

Preoxygenation
Non-rebreather mask 267 (70) 276 (73) −3 (−10 to 3) .31
Non-rebreather mask at flush rate oxygen, No. of patients/total patients with
non-rebreather masks (%)

204/267 (76) 210/276 (76) 0 (−7 to 7) .93

Bag and mask ventilation 47 (12) 37 (10) 2 (−2 to 7) .27
Noninvasive positive pressure ventilation 18 (5) 24 (6) −2 (−5 to 2) .32
Extraglottic device 27 (7) 17 (5) 3 (−1 to 6) .13

Preintubation sedative, anya 338 (89) 341 (91) −2 (−6 to 2) .37
Etomidate 332 (87) 333 (89) −1 (−6 to 3) .54
Ketamine 4 (1) 4 (1) 0 (−1 to 1) .99

Preintubation neuromuscular blockade, anyb 366 (96) 367 (98) −2 (−4 to 1) .23
Succinylcholine 214 (56) 229 (61) −5 (−12 to 2) .19
Rocuronium 147 (39) 137 (36) 2 (−5 to 9) .54

Patient position for intubation
Sniffing positionc 222 (58) 244 (65) −7 (−14 to 0) .06
Neutral cervical spine 117 (31) 96 (26) 5 (−1 to 12) .11
Cervical spine extension without sniffing position 39 (10) 32 (9) 2 (−2 to 6) .42

Oxygen saturation at start of intubation attempt, median (IQR), %d 100 (98-100) 100 (98-100) 0 (0 to 0) .60
<90%, No. of patients/total patients with data (%)d 22/360 (6) 27/343 (8) −2 (−6 to 2) .36
<80%, No. of patients/total patients with data (%)d 13/360 (4) 8/343 (2) 1 (−1 to 4) .32

Apneic oxygenation with nasal cannulae 221 (58) 227 (60) −2 (−9 to 5) .51
Operatorf

Emergency medicine senior resident or fellow (postgraduate year 3 or higher) 318 (83) 334 (89) −5 (−10 to 0) .03
Emergency medicine junior resident (postgraduate year 2 or below) 57 (15) 37 (10) 5 (0 to 10) .03
Emergency medicine faculty 8 (2) 5 (1) 1 (−1 to 3) .42

Laryngoscope used
C-MAC Macintosh blade 362 (95) 366 (97) −2 (−5 to 0) .10
GlideScope Titanium MAC blade 12 (3) 8 (2) 1 (−1 to 3) .38
Macintosh direct laryngoscope 7 (2) 2 (1) 1 (0 to 3) .10

Video screen use for video laryngoscopy, No. of patients/total patients with data (%)g

Screen never used 218/377 (58) 182/372 (49) 9 (2 to 16) .02
Screen viewed for entire attempt 78/377 (21) 90/372 (24) −4 (−9 to 2) .25
Screen viewed during passage of tube or bougie into glottis 75/377 (20) 98/372 (26) −6 (−12 to 0) .04

Best Cormack-Lehane view, No. of patients/total patients with data (%)h

Grade 1 (best view) 269/373 (72) 269/359 (75) −3 (−9 to 4) .39
Grade 2 74/373 (20) 62/359 (17) 3 (−3 to 8) .39
Grade 3 27/373 (7) 23/359 (6) 1 (−3 to 4) .66
Grade 4 (worst view) 3/373 (1) 5/359 (1) −1 (−2 to 1) .44

First device entered into mouth after laryngoscope
Bougie 372 (98) 25 (7) 91 (88 to 94) <.001
Endotracheal tube + stylet 4 (1) 345 (92) −91 (−94 to −88) <.001
Laryngoscope withdrawn before attempted passage of bougie or endotracheal
tube + stylet

5 (1) 6 (2) 0 (−2 to 1) .75

Abbreviation: IQR, interquartile range.
a Of the 78 patients without sedative administration, 53 (68%; 31 and 22 in the

bougie and endotracheal tube + stylet groups, respectively) had received
sedation prehospital or were in cardiac arrest. Sedatives other than ketamine
or etomidate are not listed.

b Drugs other than succinylcholine and rocuronium are not listed.
c The sniffing position was defined as flexion of the neck and extension of the

atlanto-occipital joint to align the external auditory meatus with the sternal
notch.

d Twenty-one patients in the bougie group and 33 patients in endotracheal
tube + stylet group did not have an oxygen saturation at the start of the
attempt due to an unreliable oximetry waveform.

e Nasal cannula left in place during intubation.
f This lists the final intubating physician. During the course of intubation, a

change of intubating physician occurred 8 times total, 4 times per group.
g Video screen use was determined by the intubating physician, and

documented on the postintubation data form. There were 4 missing values in
each group.

h Grade 1: all or most of the glottic opening seen; grade 2: only the posterior
portion of the glottis or only arytenoid cartilages are visible; grade 3: only the
epiglottis but no portion of the glottis is visible; grade 4: neither the glottis nor
the epiglottis can be seen. There are missing data for 8 patients in the bougie
group and 17 patients in the endotracheal tube + stylet group.
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Table 2. Intubation Process Measures Among Patients Admitted to the Emergency Department Undergoing Orotracheal Intubation Using a Bougie
vs an Endotracheal Tube + Stylet

Measure

Bougie Group,
No. (%)
(n = 381)

Endotracheal
Tube + Stylet
Group, No. (%)
(n = 376)

Difference, %
(95% CI) P Value

Preoxygenation
Non-rebreather mask 267 (70) 276 (73) −3 (−10 to 3) .31
Non-rebreather mask at flush rate oxygen, No. of patients/total patients with
non-rebreather masks (%)

204/267 (76) 210/276 (76) 0 (−7 to 7) .93

Bag and mask ventilation 47 (12) 37 (10) 2 (−2 to 7) .27
Noninvasive positive pressure ventilation 18 (5) 24 (6) −2 (−5 to 2) .32
Extraglottic device 27 (7) 17 (5) 3 (−1 to 6) .13

Preintubation sedative, anya 338 (89) 341 (91) −2 (−6 to 2) .37
Etomidate 332 (87) 333 (89) −1 (−6 to 3) .54
Ketamine 4 (1) 4 (1) 0 (−1 to 1) .99

Preintubation neuromuscular blockade, anyb 366 (96) 367 (98) −2 (−4 to 1) .23
Succinylcholine 214 (56) 229 (61) −5 (−12 to 2) .19
Rocuronium 147 (39) 137 (36) 2 (−5 to 9) .54

Patient position for intubation
Sniffing positionc 222 (58) 244 (65) −7 (−14 to 0) .06
Neutral cervical spine 117 (31) 96 (26) 5 (−1 to 12) .11
Cervical spine extension without sniffing position 39 (10) 32 (9) 2 (−2 to 6) .42

Oxygen saturation at start of intubation attempt, median (IQR), %d 100 (98-100) 100 (98-100) 0 (0 to 0) .60
<90%, No. of patients/total patients with data (%)d 22/360 (6) 27/343 (8) −2 (−6 to 2) .36
<80%, No. of patients/total patients with data (%)d 13/360 (4) 8/343 (2) 1 (−1 to 4) .32

Apneic oxygenation with nasal cannulae 221 (58) 227 (60) −2 (−9 to 5) .51
Operatorf

Emergency medicine senior resident or fellow (postgraduate year 3 or higher) 318 (83) 334 (89) −5 (−10 to 0) .03
Emergency medicine junior resident (postgraduate year 2 or below) 57 (15) 37 (10) 5 (0 to 10) .03
Emergency medicine faculty 8 (2) 5 (1) 1 (−1 to 3) .42

Laryngoscope used
C-MAC Macintosh blade 362 (95) 366 (97) −2 (−5 to 0) .10
GlideScope Titanium MAC blade 12 (3) 8 (2) 1 (−1 to 3) .38
Macintosh direct laryngoscope 7 (2) 2 (1) 1 (0 to 3) .10

Video screen use for video laryngoscopy, No. of patients/total patients with data (%)g

Screen never used 218/377 (58) 182/372 (49) 9 (2 to 16) .02
Screen viewed for entire attempt 78/377 (21) 90/372 (24) −4 (−9 to 2) .25
Screen viewed during passage of tube or bougie into glottis 75/377 (20) 98/372 (26) −6 (−12 to 0) .04

Best Cormack-Lehane view, No. of patients/total patients with data (%)h

Grade 1 (best view) 269/373 (72) 269/359 (75) −3 (−9 to 4) .39
Grade 2 74/373 (20) 62/359 (17) 3 (−3 to 8) .39
Grade 3 27/373 (7) 23/359 (6) 1 (−3 to 4) .66
Grade 4 (worst view) 3/373 (1) 5/359 (1) −1 (−2 to 1) .44

First device entered into mouth after laryngoscope
Bougie 372 (98) 25 (7) 91 (88 to 94) <.001
Endotracheal tube + stylet 4 (1) 345 (92) −91 (−94 to −88) <.001
Laryngoscope withdrawn before attempted passage of bougie or endotracheal
tube + stylet

5 (1) 6 (2) 0 (−2 to 1) .75

Abbreviation: IQR, interquartile range.
a Of the 78 patients without sedative administration, 53 (68%; 31 and 22 in the

bougie and endotracheal tube + stylet groups, respectively) had received
sedation prehospital or were in cardiac arrest. Sedatives other than ketamine
or etomidate are not listed.

b Drugs other than succinylcholine and rocuronium are not listed.
c The sniffing position was defined as flexion of the neck and extension of the

atlanto-occipital joint to align the external auditory meatus with the sternal
notch.

d Twenty-one patients in the bougie group and 33 patients in endotracheal
tube + stylet group did not have an oxygen saturation at the start of the
attempt due to an unreliable oximetry waveform.

e Nasal cannula left in place during intubation.
f This lists the final intubating physician. During the course of intubation, a

change of intubating physician occurred 8 times total, 4 times per group.
g Video screen use was determined by the intubating physician, and

documented on the postintubation data form. There were 4 missing values in
each group.

h Grade 1: all or most of the glottic opening seen; grade 2: only the posterior
portion of the glottis or only arytenoid cartilages are visible; grade 3: only the
epiglottis but no portion of the glottis is visible; grade 4: neither the glottis nor
the epiglottis can be seen. There are missing data for 8 patients in the bougie
group and 17 patients in the endotracheal tube + stylet group.
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Table 2. Intubation Process Measures Among Patients Admitted to the Emergency Department Undergoing Orotracheal Intubation Using a Bougie
vs an Endotracheal Tube + Stylet

Measure

Bougie Group,
No. (%)
(n = 381)

Endotracheal
Tube + Stylet
Group, No. (%)
(n = 376)

Difference, %
(95% CI) P Value

Preoxygenation
Non-rebreather mask 267 (70) 276 (73) −3 (−10 to 3) .31
Non-rebreather mask at flush rate oxygen, No. of patients/total patients with
non-rebreather masks (%)

204/267 (76) 210/276 (76) 0 (−7 to 7) .93

Bag and mask ventilation 47 (12) 37 (10) 2 (−2 to 7) .27
Noninvasive positive pressure ventilation 18 (5) 24 (6) −2 (−5 to 2) .32
Extraglottic device 27 (7) 17 (5) 3 (−1 to 6) .13

Preintubation sedative, anya 338 (89) 341 (91) −2 (−6 to 2) .37
Etomidate 332 (87) 333 (89) −1 (−6 to 3) .54
Ketamine 4 (1) 4 (1) 0 (−1 to 1) .99

Preintubation neuromuscular blockade, anyb 366 (96) 367 (98) −2 (−4 to 1) .23
Succinylcholine 214 (56) 229 (61) −5 (−12 to 2) .19
Rocuronium 147 (39) 137 (36) 2 (−5 to 9) .54

Patient position for intubation
Sniffing positionc 222 (58) 244 (65) −7 (−14 to 0) .06
Neutral cervical spine 117 (31) 96 (26) 5 (−1 to 12) .11
Cervical spine extension without sniffing position 39 (10) 32 (9) 2 (−2 to 6) .42

Oxygen saturation at start of intubation attempt, median (IQR), %d 100 (98-100) 100 (98-100) 0 (0 to 0) .60
<90%, No. of patients/total patients with data (%)d 22/360 (6) 27/343 (8) −2 (−6 to 2) .36
<80%, No. of patients/total patients with data (%)d 13/360 (4) 8/343 (2) 1 (−1 to 4) .32

Apneic oxygenation with nasal cannulae 221 (58) 227 (60) −2 (−9 to 5) .51
Operatorf

Emergency medicine senior resident or fellow (postgraduate year 3 or higher) 318 (83) 334 (89) −5 (−10 to 0) .03
Emergency medicine junior resident (postgraduate year 2 or below) 57 (15) 37 (10) 5 (0 to 10) .03
Emergency medicine faculty 8 (2) 5 (1) 1 (−1 to 3) .42

Laryngoscope used
C-MAC Macintosh blade 362 (95) 366 (97) −2 (−5 to 0) .10
GlideScope Titanium MAC blade 12 (3) 8 (2) 1 (−1 to 3) .38
Macintosh direct laryngoscope 7 (2) 2 (1) 1 (0 to 3) .10

Video screen use for video laryngoscopy, No. of patients/total patients with data (%)g

Screen never used 218/377 (58) 182/372 (49) 9 (2 to 16) .02
Screen viewed for entire attempt 78/377 (21) 90/372 (24) −4 (−9 to 2) .25
Screen viewed during passage of tube or bougie into glottis 75/377 (20) 98/372 (26) −6 (−12 to 0) .04

Best Cormack-Lehane view, No. of patients/total patients with data (%)h

Grade 1 (best view) 269/373 (72) 269/359 (75) −3 (−9 to 4) .39
Grade 2 74/373 (20) 62/359 (17) 3 (−3 to 8) .39
Grade 3 27/373 (7) 23/359 (6) 1 (−3 to 4) .66
Grade 4 (worst view) 3/373 (1) 5/359 (1) −1 (−2 to 1) .44

First device entered into mouth after laryngoscope
Bougie 372 (98) 25 (7) 91 (88 to 94) <.001
Endotracheal tube + stylet 4 (1) 345 (92) −91 (−94 to −88) <.001
Laryngoscope withdrawn before attempted passage of bougie or endotracheal
tube + stylet

5 (1) 6 (2) 0 (−2 to 1) .75

Abbreviation: IQR, interquartile range.
a Of the 78 patients without sedative administration, 53 (68%; 31 and 22 in the

bougie and endotracheal tube + stylet groups, respectively) had received
sedation prehospital or were in cardiac arrest. Sedatives other than ketamine
or etomidate are not listed.

b Drugs other than succinylcholine and rocuronium are not listed.
c The sniffing position was defined as flexion of the neck and extension of the

atlanto-occipital joint to align the external auditory meatus with the sternal
notch.

d Twenty-one patients in the bougie group and 33 patients in endotracheal
tube + stylet group did not have an oxygen saturation at the start of the
attempt due to an unreliable oximetry waveform.

e Nasal cannula left in place during intubation.
f This lists the final intubating physician. During the course of intubation, a

change of intubating physician occurred 8 times total, 4 times per group.
g Video screen use was determined by the intubating physician, and

documented on the postintubation data form. There were 4 missing values in
each group.

h Grade 1: all or most of the glottic opening seen; grade 2: only the posterior
portion of the glottis or only arytenoid cartilages are visible; grade 3: only the
epiglottis but no portion of the glottis is visible; grade 4: neither the glottis nor
the epiglottis can be seen. There are missing data for 8 patients in the bougie
group and 17 patients in the endotracheal tube + stylet group.
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Table 2. Intubation Process Measures Among Patients Admitted to the Emergency Department Undergoing Orotracheal Intubation Using a Bougie
vs an Endotracheal Tube + Stylet

Measure

Bougie Group,
No. (%)
(n = 381)

Endotracheal
Tube + Stylet
Group, No. (%)
(n = 376)

Difference, %
(95% CI) P Value

Preoxygenation
Non-rebreather mask 267 (70) 276 (73) −3 (−10 to 3) .31
Non-rebreather mask at flush rate oxygen, No. of patients/total patients with
non-rebreather masks (%)

204/267 (76) 210/276 (76) 0 (−7 to 7) .93

Bag and mask ventilation 47 (12) 37 (10) 2 (−2 to 7) .27
Noninvasive positive pressure ventilation 18 (5) 24 (6) −2 (−5 to 2) .32
Extraglottic device 27 (7) 17 (5) 3 (−1 to 6) .13

Preintubation sedative, anya 338 (89) 341 (91) −2 (−6 to 2) .37
Etomidate 332 (87) 333 (89) −1 (−6 to 3) .54
Ketamine 4 (1) 4 (1) 0 (−1 to 1) .99

Preintubation neuromuscular blockade, anyb 366 (96) 367 (98) −2 (−4 to 1) .23
Succinylcholine 214 (56) 229 (61) −5 (−12 to 2) .19
Rocuronium 147 (39) 137 (36) 2 (−5 to 9) .54

Patient position for intubation
Sniffing positionc 222 (58) 244 (65) −7 (−14 to 0) .06
Neutral cervical spine 117 (31) 96 (26) 5 (−1 to 12) .11
Cervical spine extension without sniffing position 39 (10) 32 (9) 2 (−2 to 6) .42

Oxygen saturation at start of intubation attempt, median (IQR), %d 100 (98-100) 100 (98-100) 0 (0 to 0) .60
<90%, No. of patients/total patients with data (%)d 22/360 (6) 27/343 (8) −2 (−6 to 2) .36
<80%, No. of patients/total patients with data (%)d 13/360 (4) 8/343 (2) 1 (−1 to 4) .32

Apneic oxygenation with nasal cannulae 221 (58) 227 (60) −2 (−9 to 5) .51
Operatorf

Emergency medicine senior resident or fellow (postgraduate year 3 or higher) 318 (83) 334 (89) −5 (−10 to 0) .03
Emergency medicine junior resident (postgraduate year 2 or below) 57 (15) 37 (10) 5 (0 to 10) .03
Emergency medicine faculty 8 (2) 5 (1) 1 (−1 to 3) .42

Laryngoscope used
C-MAC Macintosh blade 362 (95) 366 (97) −2 (−5 to 0) .10
GlideScope Titanium MAC blade 12 (3) 8 (2) 1 (−1 to 3) .38
Macintosh direct laryngoscope 7 (2) 2 (1) 1 (0 to 3) .10

Video screen use for video laryngoscopy, No. of patients/total patients with data (%)g

Screen never used 218/377 (58) 182/372 (49) 9 (2 to 16) .02
Screen viewed for entire attempt 78/377 (21) 90/372 (24) −4 (−9 to 2) .25
Screen viewed during passage of tube or bougie into glottis 75/377 (20) 98/372 (26) −6 (−12 to 0) .04

Best Cormack-Lehane view, No. of patients/total patients with data (%)h

Grade 1 (best view) 269/373 (72) 269/359 (75) −3 (−9 to 4) .39
Grade 2 74/373 (20) 62/359 (17) 3 (−3 to 8) .39
Grade 3 27/373 (7) 23/359 (6) 1 (−3 to 4) .66
Grade 4 (worst view) 3/373 (1) 5/359 (1) −1 (−2 to 1) .44

First device entered into mouth after laryngoscope
Bougie 372 (98) 25 (7) 91 (88 to 94) <.001
Endotracheal tube + stylet 4 (1) 345 (92) −91 (−94 to −88) <.001
Laryngoscope withdrawn before attempted passage of bougie or endotracheal
tube + stylet

5 (1) 6 (2) 0 (−2 to 1) .75

Abbreviation: IQR, interquartile range.
a Of the 78 patients without sedative administration, 53 (68%; 31 and 22 in the

bougie and endotracheal tube + stylet groups, respectively) had received
sedation prehospital or were in cardiac arrest. Sedatives other than ketamine
or etomidate are not listed.

b Drugs other than succinylcholine and rocuronium are not listed.
c The sniffing position was defined as flexion of the neck and extension of the

atlanto-occipital joint to align the external auditory meatus with the sternal
notch.

d Twenty-one patients in the bougie group and 33 patients in endotracheal
tube + stylet group did not have an oxygen saturation at the start of the
attempt due to an unreliable oximetry waveform.

e Nasal cannula left in place during intubation.
f This lists the final intubating physician. During the course of intubation, a

change of intubating physician occurred 8 times total, 4 times per group.
g Video screen use was determined by the intubating physician, and

documented on the postintubation data form. There were 4 missing values in
each group.

h Grade 1: all or most of the glottic opening seen; grade 2: only the posterior
portion of the glottis or only arytenoid cartilages are visible; grade 3: only the
epiglottis but no portion of the glottis is visible; grade 4: neither the glottis nor
the epiglottis can be seen. There are missing data for 8 patients in the bougie
group and 17 patients in the endotracheal tube + stylet group.
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Table 2. Intubation Process Measures Among Patients Admitted to the Emergency Department Undergoing Orotracheal Intubation Using a Bougie
vs an Endotracheal Tube + Stylet

Measure

Bougie Group,
No. (%)
(n = 381)

Endotracheal
Tube + Stylet
Group, No. (%)
(n = 376)

Difference, %
(95% CI) P Value

Preoxygenation
Non-rebreather mask 267 (70) 276 (73) −3 (−10 to 3) .31
Non-rebreather mask at flush rate oxygen, No. of patients/total patients with
non-rebreather masks (%)

204/267 (76) 210/276 (76) 0 (−7 to 7) .93

Bag and mask ventilation 47 (12) 37 (10) 2 (−2 to 7) .27
Noninvasive positive pressure ventilation 18 (5) 24 (6) −2 (−5 to 2) .32
Extraglottic device 27 (7) 17 (5) 3 (−1 to 6) .13

Preintubation sedative, anya 338 (89) 341 (91) −2 (−6 to 2) .37
Etomidate 332 (87) 333 (89) −1 (−6 to 3) .54
Ketamine 4 (1) 4 (1) 0 (−1 to 1) .99

Preintubation neuromuscular blockade, anyb 366 (96) 367 (98) −2 (−4 to 1) .23
Succinylcholine 214 (56) 229 (61) −5 (−12 to 2) .19
Rocuronium 147 (39) 137 (36) 2 (−5 to 9) .54

Patient position for intubation
Sniffing positionc 222 (58) 244 (65) −7 (−14 to 0) .06
Neutral cervical spine 117 (31) 96 (26) 5 (−1 to 12) .11
Cervical spine extension without sniffing position 39 (10) 32 (9) 2 (−2 to 6) .42

Oxygen saturation at start of intubation attempt, median (IQR), %d 100 (98-100) 100 (98-100) 0 (0 to 0) .60
<90%, No. of patients/total patients with data (%)d 22/360 (6) 27/343 (8) −2 (−6 to 2) .36
<80%, No. of patients/total patients with data (%)d 13/360 (4) 8/343 (2) 1 (−1 to 4) .32

Apneic oxygenation with nasal cannulae 221 (58) 227 (60) −2 (−9 to 5) .51
Operatorf

Emergency medicine senior resident or fellow (postgraduate year 3 or higher) 318 (83) 334 (89) −5 (−10 to 0) .03
Emergency medicine junior resident (postgraduate year 2 or below) 57 (15) 37 (10) 5 (0 to 10) .03
Emergency medicine faculty 8 (2) 5 (1) 1 (−1 to 3) .42

Laryngoscope used
C-MAC Macintosh blade 362 (95) 366 (97) −2 (−5 to 0) .10
GlideScope Titanium MAC blade 12 (3) 8 (2) 1 (−1 to 3) .38
Macintosh direct laryngoscope 7 (2) 2 (1) 1 (0 to 3) .10

Video screen use for video laryngoscopy, No. of patients/total patients with data (%)g

Screen never used 218/377 (58) 182/372 (49) 9 (2 to 16) .02
Screen viewed for entire attempt 78/377 (21) 90/372 (24) −4 (−9 to 2) .25
Screen viewed during passage of tube or bougie into glottis 75/377 (20) 98/372 (26) −6 (−12 to 0) .04

Best Cormack-Lehane view, No. of patients/total patients with data (%)h

Grade 1 (best view) 269/373 (72) 269/359 (75) −3 (−9 to 4) .39
Grade 2 74/373 (20) 62/359 (17) 3 (−3 to 8) .39
Grade 3 27/373 (7) 23/359 (6) 1 (−3 to 4) .66
Grade 4 (worst view) 3/373 (1) 5/359 (1) −1 (−2 to 1) .44

First device entered into mouth after laryngoscope
Bougie 372 (98) 25 (7) 91 (88 to 94) <.001
Endotracheal tube + stylet 4 (1) 345 (92) −91 (−94 to −88) <.001
Laryngoscope withdrawn before attempted passage of bougie or endotracheal
tube + stylet

5 (1) 6 (2) 0 (−2 to 1) .75

Abbreviation: IQR, interquartile range.
a Of the 78 patients without sedative administration, 53 (68%; 31 and 22 in the

bougie and endotracheal tube + stylet groups, respectively) had received
sedation prehospital or were in cardiac arrest. Sedatives other than ketamine
or etomidate are not listed.

b Drugs other than succinylcholine and rocuronium are not listed.
c The sniffing position was defined as flexion of the neck and extension of the

atlanto-occipital joint to align the external auditory meatus with the sternal
notch.

d Twenty-one patients in the bougie group and 33 patients in endotracheal
tube + stylet group did not have an oxygen saturation at the start of the
attempt due to an unreliable oximetry waveform.

e Nasal cannula left in place during intubation.
f This lists the final intubating physician. During the course of intubation, a

change of intubating physician occurred 8 times total, 4 times per group.
g Video screen use was determined by the intubating physician, and

documented on the postintubation data form. There were 4 missing values in
each group.

h Grade 1: all or most of the glottic opening seen; grade 2: only the posterior
portion of the glottis or only arytenoid cartilages are visible; grade 3: only the
epiglottis but no portion of the glottis is visible; grade 4: neither the glottis nor
the epiglottis can be seen. There are missing data for 8 patients in the bougie
group and 17 patients in the endotracheal tube + stylet group.
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Table 2. Intubation Process Measures Among Patients Admitted to the Emergency Department Undergoing Orotracheal Intubation Using a Bougie
vs an Endotracheal Tube + Stylet

Measure

Bougie Group,
No. (%)
(n = 381)

Endotracheal
Tube + Stylet
Group, No. (%)
(n = 376)

Difference, %
(95% CI) P Value

Preoxygenation
Non-rebreather mask 267 (70) 276 (73) −3 (−10 to 3) .31
Non-rebreather mask at flush rate oxygen, No. of patients/total patients with
non-rebreather masks (%)

204/267 (76) 210/276 (76) 0 (−7 to 7) .93

Bag and mask ventilation 47 (12) 37 (10) 2 (−2 to 7) .27
Noninvasive positive pressure ventilation 18 (5) 24 (6) −2 (−5 to 2) .32
Extraglottic device 27 (7) 17 (5) 3 (−1 to 6) .13

Preintubation sedative, anya 338 (89) 341 (91) −2 (−6 to 2) .37
Etomidate 332 (87) 333 (89) −1 (−6 to 3) .54
Ketamine 4 (1) 4 (1) 0 (−1 to 1) .99

Preintubation neuromuscular blockade, anyb 366 (96) 367 (98) −2 (−4 to 1) .23
Succinylcholine 214 (56) 229 (61) −5 (−12 to 2) .19
Rocuronium 147 (39) 137 (36) 2 (−5 to 9) .54

Patient position for intubation
Sniffing positionc 222 (58) 244 (65) −7 (−14 to 0) .06
Neutral cervical spine 117 (31) 96 (26) 5 (−1 to 12) .11
Cervical spine extension without sniffing position 39 (10) 32 (9) 2 (−2 to 6) .42

Oxygen saturation at start of intubation attempt, median (IQR), %d 100 (98-100) 100 (98-100) 0 (0 to 0) .60
<90%, No. of patients/total patients with data (%)d 22/360 (6) 27/343 (8) −2 (−6 to 2) .36
<80%, No. of patients/total patients with data (%)d 13/360 (4) 8/343 (2) 1 (−1 to 4) .32

Apneic oxygenation with nasal cannulae 221 (58) 227 (60) −2 (−9 to 5) .51
Operatorf

Emergency medicine senior resident or fellow (postgraduate year 3 or higher) 318 (83) 334 (89) −5 (−10 to 0) .03
Emergency medicine junior resident (postgraduate year 2 or below) 57 (15) 37 (10) 5 (0 to 10) .03
Emergency medicine faculty 8 (2) 5 (1) 1 (−1 to 3) .42

Laryngoscope used
C-MAC Macintosh blade 362 (95) 366 (97) −2 (−5 to 0) .10
GlideScope Titanium MAC blade 12 (3) 8 (2) 1 (−1 to 3) .38
Macintosh direct laryngoscope 7 (2) 2 (1) 1 (0 to 3) .10

Video screen use for video laryngoscopy, No. of patients/total patients with data (%)g

Screen never used 218/377 (58) 182/372 (49) 9 (2 to 16) .02
Screen viewed for entire attempt 78/377 (21) 90/372 (24) −4 (−9 to 2) .25
Screen viewed during passage of tube or bougie into glottis 75/377 (20) 98/372 (26) −6 (−12 to 0) .04

Best Cormack-Lehane view, No. of patients/total patients with data (%)h

Grade 1 (best view) 269/373 (72) 269/359 (75) −3 (−9 to 4) .39
Grade 2 74/373 (20) 62/359 (17) 3 (−3 to 8) .39
Grade 3 27/373 (7) 23/359 (6) 1 (−3 to 4) .66
Grade 4 (worst view) 3/373 (1) 5/359 (1) −1 (−2 to 1) .44

First device entered into mouth after laryngoscope
Bougie 372 (98) 25 (7) 91 (88 to 94) <.001
Endotracheal tube + stylet 4 (1) 345 (92) −91 (−94 to −88) <.001
Laryngoscope withdrawn before attempted passage of bougie or endotracheal
tube + stylet

5 (1) 6 (2) 0 (−2 to 1) .75

Abbreviation: IQR, interquartile range.
a Of the 78 patients without sedative administration, 53 (68%; 31 and 22 in the

bougie and endotracheal tube + stylet groups, respectively) had received
sedation prehospital or were in cardiac arrest. Sedatives other than ketamine
or etomidate are not listed.

b Drugs other than succinylcholine and rocuronium are not listed.
c The sniffing position was defined as flexion of the neck and extension of the

atlanto-occipital joint to align the external auditory meatus with the sternal
notch.

d Twenty-one patients in the bougie group and 33 patients in endotracheal
tube + stylet group did not have an oxygen saturation at the start of the
attempt due to an unreliable oximetry waveform.

e Nasal cannula left in place during intubation.
f This lists the final intubating physician. During the course of intubation, a

change of intubating physician occurred 8 times total, 4 times per group.
g Video screen use was determined by the intubating physician, and

documented on the postintubation data form. There were 4 missing values in
each group.

h Grade 1: all or most of the glottic opening seen; grade 2: only the posterior
portion of the glottis or only arytenoid cartilages are visible; grade 3: only the
epiglottis but no portion of the glottis is visible; grade 4: neither the glottis nor
the epiglottis can be seen. There are missing data for 8 patients in the bougie
group and 17 patients in the endotracheal tube + stylet group.
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Table 2. Intubation Process Measures Among Patients Admitted to the Emergency Department Undergoing Orotracheal Intubation Using a Bougie
vs an Endotracheal Tube + Stylet

Measure

Bougie Group,
No. (%)
(n = 381)

Endotracheal
Tube + Stylet
Group, No. (%)
(n = 376)

Difference, %
(95% CI) P Value

Preoxygenation
Non-rebreather mask 267 (70) 276 (73) −3 (−10 to 3) .31
Non-rebreather mask at flush rate oxygen, No. of patients/total patients with
non-rebreather masks (%)

204/267 (76) 210/276 (76) 0 (−7 to 7) .93

Bag and mask ventilation 47 (12) 37 (10) 2 (−2 to 7) .27
Noninvasive positive pressure ventilation 18 (5) 24 (6) −2 (−5 to 2) .32
Extraglottic device 27 (7) 17 (5) 3 (−1 to 6) .13

Preintubation sedative, anya 338 (89) 341 (91) −2 (−6 to 2) .37
Etomidate 332 (87) 333 (89) −1 (−6 to 3) .54
Ketamine 4 (1) 4 (1) 0 (−1 to 1) .99

Preintubation neuromuscular blockade, anyb 366 (96) 367 (98) −2 (−4 to 1) .23
Succinylcholine 214 (56) 229 (61) −5 (−12 to 2) .19
Rocuronium 147 (39) 137 (36) 2 (−5 to 9) .54

Patient position for intubation
Sniffing positionc 222 (58) 244 (65) −7 (−14 to 0) .06
Neutral cervical spine 117 (31) 96 (26) 5 (−1 to 12) .11
Cervical spine extension without sniffing position 39 (10) 32 (9) 2 (−2 to 6) .42

Oxygen saturation at start of intubation attempt, median (IQR), %d 100 (98-100) 100 (98-100) 0 (0 to 0) .60
<90%, No. of patients/total patients with data (%)d 22/360 (6) 27/343 (8) −2 (−6 to 2) .36
<80%, No. of patients/total patients with data (%)d 13/360 (4) 8/343 (2) 1 (−1 to 4) .32

Apneic oxygenation with nasal cannulae 221 (58) 227 (60) −2 (−9 to 5) .51
Operatorf

Emergency medicine senior resident or fellow (postgraduate year 3 or higher) 318 (83) 334 (89) −5 (−10 to 0) .03
Emergency medicine junior resident (postgraduate year 2 or below) 57 (15) 37 (10) 5 (0 to 10) .03
Emergency medicine faculty 8 (2) 5 (1) 1 (−1 to 3) .42

Laryngoscope used
C-MAC Macintosh blade 362 (95) 366 (97) −2 (−5 to 0) .10
GlideScope Titanium MAC blade 12 (3) 8 (2) 1 (−1 to 3) .38
Macintosh direct laryngoscope 7 (2) 2 (1) 1 (0 to 3) .10

Video screen use for video laryngoscopy, No. of patients/total patients with data (%)g

Screen never used 218/377 (58) 182/372 (49) 9 (2 to 16) .02
Screen viewed for entire attempt 78/377 (21) 90/372 (24) −4 (−9 to 2) .25
Screen viewed during passage of tube or bougie into glottis 75/377 (20) 98/372 (26) −6 (−12 to 0) .04

Best Cormack-Lehane view, No. of patients/total patients with data (%)h

Grade 1 (best view) 269/373 (72) 269/359 (75) −3 (−9 to 4) .39
Grade 2 74/373 (20) 62/359 (17) 3 (−3 to 8) .39
Grade 3 27/373 (7) 23/359 (6) 1 (−3 to 4) .66
Grade 4 (worst view) 3/373 (1) 5/359 (1) −1 (−2 to 1) .44

First device entered into mouth after laryngoscope
Bougie 372 (98) 25 (7) 91 (88 to 94) <.001
Endotracheal tube + stylet 4 (1) 345 (92) −91 (−94 to −88) <.001
Laryngoscope withdrawn before attempted passage of bougie or endotracheal
tube + stylet

5 (1) 6 (2) 0 (−2 to 1) .75

Abbreviation: IQR, interquartile range.
a Of the 78 patients without sedative administration, 53 (68%; 31 and 22 in the

bougie and endotracheal tube + stylet groups, respectively) had received
sedation prehospital or were in cardiac arrest. Sedatives other than ketamine
or etomidate are not listed.

b Drugs other than succinylcholine and rocuronium are not listed.
c The sniffing position was defined as flexion of the neck and extension of the

atlanto-occipital joint to align the external auditory meatus with the sternal
notch.

d Twenty-one patients in the bougie group and 33 patients in endotracheal
tube + stylet group did not have an oxygen saturation at the start of the
attempt due to an unreliable oximetry waveform.

e Nasal cannula left in place during intubation.
f This lists the final intubating physician. During the course of intubation, a

change of intubating physician occurred 8 times total, 4 times per group.
g Video screen use was determined by the intubating physician, and

documented on the postintubation data form. There were 4 missing values in
each group.

h Grade 1: all or most of the glottic opening seen; grade 2: only the posterior
portion of the glottis or only arytenoid cartilages are visible; grade 3: only the
epiglottis but no portion of the glottis is visible; grade 4: neither the glottis nor
the epiglottis can be seen. There are missing data for 8 patients in the bougie
group and 17 patients in the endotracheal tube + stylet group.
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1 of these patients, the tube was rotated 90° counterclock-
wise and advanced without resistance into the trachea. In 1 pa-
tient, the tube could not be advanced, both tube and bougie
were removed, and intubation was ultimately successful with
a bougie on a subsequent attempt.

Among the 56 patients (7%) in both groups who were not
intubated on the first attempt, subsequent attempt(s) were suc-

cessful with the help of several rescue techniques including
the bougie in 49 patients, the intubating laryngeal mask air-
way in 1 patient, and cricothyrotomy in 1 patient (Table 4).

Complications
Complications were infrequent and occurred with a similar fre-
quency in both groups (Table 5). The incidence of hypoxemia

Table 3. Trial Outcomes Among Patients Admitted to the Emergency Department Undergoing Orotracheal Intubation Using a Bougie vs
an Endotracheal Tube + Stylet

Outcome

Bougie Group
Endotracheal Tube + Stylet
Group

Difference
(95% CI) P Value

Interaction
P Valuea

No. With
Event/ Total
No. of Patients % (95% CI)

No. With
Event/ Total
No. of Patients % (95% CI)

Primary Outcome

First-attempt intubation success, patients
with any difficult airway characteristic
(n = 380)

191/198 96 (93 to 99) 150/182 82 (76 to 88) 14 (8 to 20) <.001 .36

Planned Secondary Outcomes

Patients with any difficult airway
characteristic
(n = 380)

First-attempt intubation success
without hypoxemiab

156/191 82 (76 to 87) 123/177 69 (63 to 76) 12 (3 to 21) .006 .61

First-attempt duration,
median (IQR), sc

39 (29 to 52) 40 (27 to 63) −1 (−6 to 3) .50 .17

All patients (N = 757)

First-attempt intubation success, overall 373/381 98 (96 to 99) 328/376 87 (83 to 90) 11 (7 to 14) <.001 NA

First-attempt intubation success
without hypoxemiab

317/371 85 (81 to 89) 282/366 77 (72 to 81) 8 (3 to 14) .003 NA

First-attempt duration, median (IQR), sc 38 (29 to 51) 36 (25 to 54) 1 (4 to −1) .24 NA

Unplanned Subgroup Analyses

First-attempt intubation success by
individual difficult airway characteristicd

Blood or vomit in airway (n = 150) 79/83 95 (88 to 99) 55/67 82 (71 to 90) 13 (3 to 23) .01 .31

Cervical immobilization (n = 85) 49/49 100 (93 to 100) 28/36 78 (61 to 90) 22 (9 to 36) .001 .25

Obesity (n = 125) 55/57 96 (88 to 100) 51/68 75 (63 to 85) 21 (10 to 33) .001 .63

First-attempt intubation success,
no difficult airway characteristic (n = 377)

182/183 99 (97 to 100) 178/194 92 (87 to 95) 8 (4 to 12) <.001 .36

First-attempt intubation success when
C-MAC used, all patients

356/362 98 (96 to 99) 321/366 88 (84 to 91) 11 (7 to 14) <.001 .46

First-attempt intubation success by
Cormack-Lehane view, all patients

Grade 1 265/269 99 (96 to 100) 258/269 96 (93 to 98) 3 (0 to 5) .07 .04

Grade 2 72/74 97 (91 to 100) 41/62 66 (53 to 78) 31 (19 to 44) <.001 .13

Grade 3 26/27 96 (81 to 100) 11/23 48 (27 to 69) 48 (27 to 71) <.001 .17

Grade 4 3/3 100 (29 to 100) 2/5 40 (5 to 85) 60 (17 to 100) .09 .78

First-attempt intubation success by actual
first device entered into mouth after
laryngoscope, all patientse

392/402 98 (95 to 99) 309/355 87 (83 to 90) 10 (7 to 14) <.001 NA

First-attempt duration if first attempt
successful, median (IQR), sc

38 (29 to 51) 34 (23 to 47) 4 (2 to 7) <.001 .03

Abbreviations: IQR, interquartile range; NA, not applicable.
a The interaction P value column displays NA for analyses that included all

patients.
b Oxyhemoglobin saturations were recorded in real time by research associates.

Hypoxemia was defined as an oxyhemoglobin saturation <90% (or, if the
attempt began with a saturation <90%, an absolute decrease in saturation of
>10%) during or within 1 min after completion of the intubation attempt. Valid
pulse oximetry waveform during intubation was not available for all patients.

c Intubation duration was defined as the time elapsed from when the

laryngoscope blade entered the mouth to when the blade was removed from
the mouth.

d Short neck, small mandible, airway obstruction or edema, facial trauma and
large tongue subgroups are not displayed because there were too few patients
with these characteristics to make a valid comparison between groups.

e Those that had the laryngoscope withdrawn before attempted passage of the
bougie or endotracheal tube + stylet were considered to have the randomized
device passed first for this analysis.
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1 of these patients, the tube was rotated 90° counterclock-
wise and advanced without resistance into the trachea. In 1 pa-
tient, the tube could not be advanced, both tube and bougie
were removed, and intubation was ultimately successful with
a bougie on a subsequent attempt.

Among the 56 patients (7%) in both groups who were not
intubated on the first attempt, subsequent attempt(s) were suc-

cessful with the help of several rescue techniques including
the bougie in 49 patients, the intubating laryngeal mask air-
way in 1 patient, and cricothyrotomy in 1 patient (Table 4).

Complications
Complications were infrequent and occurred with a similar fre-
quency in both groups (Table 5). The incidence of hypoxemia

Table 3. Trial Outcomes Among Patients Admitted to the Emergency Department Undergoing Orotracheal Intubation Using a Bougie vs
an Endotracheal Tube + Stylet

Outcome

Bougie Group
Endotracheal Tube + Stylet
Group

Difference
(95% CI) P Value

Interaction
P Valuea

No. With
Event/ Total
No. of Patients % (95% CI)

No. With
Event/ Total
No. of Patients % (95% CI)

Primary Outcome

First-attempt intubation success, patients
with any difficult airway characteristic
(n = 380)

191/198 96 (93 to 99) 150/182 82 (76 to 88) 14 (8 to 20) <.001 .36

Planned Secondary Outcomes

Patients with any difficult airway
characteristic
(n = 380)

First-attempt intubation success
without hypoxemiab

156/191 82 (76 to 87) 123/177 69 (63 to 76) 12 (3 to 21) .006 .61

First-attempt duration,
median (IQR), sc

39 (29 to 52) 40 (27 to 63) −1 (−6 to 3) .50 .17

All patients (N = 757)

First-attempt intubation success, overall 373/381 98 (96 to 99) 328/376 87 (83 to 90) 11 (7 to 14) <.001 NA

First-attempt intubation success
without hypoxemiab

317/371 85 (81 to 89) 282/366 77 (72 to 81) 8 (3 to 14) .003 NA

First-attempt duration, median (IQR), sc 38 (29 to 51) 36 (25 to 54) 1 (4 to −1) .24 NA

Unplanned Subgroup Analyses

First-attempt intubation success by
individual difficult airway characteristicd

Blood or vomit in airway (n = 150) 79/83 95 (88 to 99) 55/67 82 (71 to 90) 13 (3 to 23) .01 .31

Cervical immobilization (n = 85) 49/49 100 (93 to 100) 28/36 78 (61 to 90) 22 (9 to 36) .001 .25

Obesity (n = 125) 55/57 96 (88 to 100) 51/68 75 (63 to 85) 21 (10 to 33) .001 .63

First-attempt intubation success,
no difficult airway characteristic (n = 377)

182/183 99 (97 to 100) 178/194 92 (87 to 95) 8 (4 to 12) <.001 .36

First-attempt intubation success when
C-MAC used, all patients

356/362 98 (96 to 99) 321/366 88 (84 to 91) 11 (7 to 14) <.001 .46

First-attempt intubation success by
Cormack-Lehane view, all patients

Grade 1 265/269 99 (96 to 100) 258/269 96 (93 to 98) 3 (0 to 5) .07 .04

Grade 2 72/74 97 (91 to 100) 41/62 66 (53 to 78) 31 (19 to 44) <.001 .13

Grade 3 26/27 96 (81 to 100) 11/23 48 (27 to 69) 48 (27 to 71) <.001 .17

Grade 4 3/3 100 (29 to 100) 2/5 40 (5 to 85) 60 (17 to 100) .09 .78

First-attempt intubation success by actual
first device entered into mouth after
laryngoscope, all patientse

392/402 98 (95 to 99) 309/355 87 (83 to 90) 10 (7 to 14) <.001 NA

First-attempt duration if first attempt
successful, median (IQR), sc

38 (29 to 51) 34 (23 to 47) 4 (2 to 7) <.001 .03

Abbreviations: IQR, interquartile range; NA, not applicable.
a The interaction P value column displays NA for analyses that included all

patients.
b Oxyhemoglobin saturations were recorded in real time by research associates.

Hypoxemia was defined as an oxyhemoglobin saturation <90% (or, if the
attempt began with a saturation <90%, an absolute decrease in saturation of
>10%) during or within 1 min after completion of the intubation attempt. Valid
pulse oximetry waveform during intubation was not available for all patients.

c Intubation duration was defined as the time elapsed from when the

laryngoscope blade entered the mouth to when the blade was removed from
the mouth.

d Short neck, small mandible, airway obstruction or edema, facial trauma and
large tongue subgroups are not displayed because there were too few patients
with these characteristics to make a valid comparison between groups.

e Those that had the laryngoscope withdrawn before attempted passage of the
bougie or endotracheal tube + stylet were considered to have the randomized
device passed first for this analysis.
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1 of these patients, the tube was rotated 90° counterclock-
wise and advanced without resistance into the trachea. In 1 pa-
tient, the tube could not be advanced, both tube and bougie
were removed, and intubation was ultimately successful with
a bougie on a subsequent attempt.

Among the 56 patients (7%) in both groups who were not
intubated on the first attempt, subsequent attempt(s) were suc-

cessful with the help of several rescue techniques including
the bougie in 49 patients, the intubating laryngeal mask air-
way in 1 patient, and cricothyrotomy in 1 patient (Table 4).

Complications
Complications were infrequent and occurred with a similar fre-
quency in both groups (Table 5). The incidence of hypoxemia

Table 3. Trial Outcomes Among Patients Admitted to the Emergency Department Undergoing Orotracheal Intubation Using a Bougie vs
an Endotracheal Tube + Stylet

Outcome

Bougie Group
Endotracheal Tube + Stylet
Group

Difference
(95% CI) P Value

Interaction
P Valuea

No. With
Event/ Total
No. of Patients % (95% CI)

No. With
Event/ Total
No. of Patients % (95% CI)

Primary Outcome

First-attempt intubation success, patients
with any difficult airway characteristic
(n = 380)

191/198 96 (93 to 99) 150/182 82 (76 to 88) 14 (8 to 20) <.001 .36

Planned Secondary Outcomes

Patients with any difficult airway
characteristic
(n = 380)

First-attempt intubation success
without hypoxemiab

156/191 82 (76 to 87) 123/177 69 (63 to 76) 12 (3 to 21) .006 .61

First-attempt duration,
median (IQR), sc

39 (29 to 52) 40 (27 to 63) −1 (−6 to 3) .50 .17

All patients (N = 757)

First-attempt intubation success, overall 373/381 98 (96 to 99) 328/376 87 (83 to 90) 11 (7 to 14) <.001 NA

First-attempt intubation success
without hypoxemiab

317/371 85 (81 to 89) 282/366 77 (72 to 81) 8 (3 to 14) .003 NA

First-attempt duration, median (IQR), sc 38 (29 to 51) 36 (25 to 54) 1 (4 to −1) .24 NA

Unplanned Subgroup Analyses

First-attempt intubation success by
individual difficult airway characteristicd

Blood or vomit in airway (n = 150) 79/83 95 (88 to 99) 55/67 82 (71 to 90) 13 (3 to 23) .01 .31

Cervical immobilization (n = 85) 49/49 100 (93 to 100) 28/36 78 (61 to 90) 22 (9 to 36) .001 .25

Obesity (n = 125) 55/57 96 (88 to 100) 51/68 75 (63 to 85) 21 (10 to 33) .001 .63

First-attempt intubation success,
no difficult airway characteristic (n = 377)

182/183 99 (97 to 100) 178/194 92 (87 to 95) 8 (4 to 12) <.001 .36

First-attempt intubation success when
C-MAC used, all patients

356/362 98 (96 to 99) 321/366 88 (84 to 91) 11 (7 to 14) <.001 .46

First-attempt intubation success by
Cormack-Lehane view, all patients

Grade 1 265/269 99 (96 to 100) 258/269 96 (93 to 98) 3 (0 to 5) .07 .04

Grade 2 72/74 97 (91 to 100) 41/62 66 (53 to 78) 31 (19 to 44) <.001 .13

Grade 3 26/27 96 (81 to 100) 11/23 48 (27 to 69) 48 (27 to 71) <.001 .17

Grade 4 3/3 100 (29 to 100) 2/5 40 (5 to 85) 60 (17 to 100) .09 .78

First-attempt intubation success by actual
first device entered into mouth after
laryngoscope, all patientse

392/402 98 (95 to 99) 309/355 87 (83 to 90) 10 (7 to 14) <.001 NA

First-attempt duration if first attempt
successful, median (IQR), sc

38 (29 to 51) 34 (23 to 47) 4 (2 to 7) <.001 .03

Abbreviations: IQR, interquartile range; NA, not applicable.
a The interaction P value column displays NA for analyses that included all

patients.
b Oxyhemoglobin saturations were recorded in real time by research associates.

Hypoxemia was defined as an oxyhemoglobin saturation <90% (or, if the
attempt began with a saturation <90%, an absolute decrease in saturation of
>10%) during or within 1 min after completion of the intubation attempt. Valid
pulse oximetry waveform during intubation was not available for all patients.

c Intubation duration was defined as the time elapsed from when the

laryngoscope blade entered the mouth to when the blade was removed from
the mouth.

d Short neck, small mandible, airway obstruction or edema, facial trauma and
large tongue subgroups are not displayed because there were too few patients
with these characteristics to make a valid comparison between groups.

e Those that had the laryngoscope withdrawn before attempted passage of the
bougie or endotracheal tube + stylet were considered to have the randomized
device passed first for this analysis.
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1 of these patients, the tube was rotated 90° counterclock-
wise and advanced without resistance into the trachea. In 1 pa-
tient, the tube could not be advanced, both tube and bougie
were removed, and intubation was ultimately successful with
a bougie on a subsequent attempt.

Among the 56 patients (7%) in both groups who were not
intubated on the first attempt, subsequent attempt(s) were suc-

cessful with the help of several rescue techniques including
the bougie in 49 patients, the intubating laryngeal mask air-
way in 1 patient, and cricothyrotomy in 1 patient (Table 4).

Complications
Complications were infrequent and occurred with a similar fre-
quency in both groups (Table 5). The incidence of hypoxemia

Table 3. Trial Outcomes Among Patients Admitted to the Emergency Department Undergoing Orotracheal Intubation Using a Bougie vs
an Endotracheal Tube + Stylet

Outcome

Bougie Group
Endotracheal Tube + Stylet
Group

Difference
(95% CI) P Value

Interaction
P Valuea

No. With
Event/ Total
No. of Patients % (95% CI)

No. With
Event/ Total
No. of Patients % (95% CI)

Primary Outcome

First-attempt intubation success, patients
with any difficult airway characteristic
(n = 380)

191/198 96 (93 to 99) 150/182 82 (76 to 88) 14 (8 to 20) <.001 .36

Planned Secondary Outcomes

Patients with any difficult airway
characteristic
(n = 380)

First-attempt intubation success
without hypoxemiab

156/191 82 (76 to 87) 123/177 69 (63 to 76) 12 (3 to 21) .006 .61

First-attempt duration,
median (IQR), sc

39 (29 to 52) 40 (27 to 63) −1 (−6 to 3) .50 .17

All patients (N = 757)

First-attempt intubation success, overall 373/381 98 (96 to 99) 328/376 87 (83 to 90) 11 (7 to 14) <.001 NA

First-attempt intubation success
without hypoxemiab

317/371 85 (81 to 89) 282/366 77 (72 to 81) 8 (3 to 14) .003 NA

First-attempt duration, median (IQR), sc 38 (29 to 51) 36 (25 to 54) 1 (4 to −1) .24 NA

Unplanned Subgroup Analyses

First-attempt intubation success by
individual difficult airway characteristicd

Blood or vomit in airway (n = 150) 79/83 95 (88 to 99) 55/67 82 (71 to 90) 13 (3 to 23) .01 .31

Cervical immobilization (n = 85) 49/49 100 (93 to 100) 28/36 78 (61 to 90) 22 (9 to 36) .001 .25

Obesity (n = 125) 55/57 96 (88 to 100) 51/68 75 (63 to 85) 21 (10 to 33) .001 .63

First-attempt intubation success,
no difficult airway characteristic (n = 377)

182/183 99 (97 to 100) 178/194 92 (87 to 95) 8 (4 to 12) <.001 .36

First-attempt intubation success when
C-MAC used, all patients

356/362 98 (96 to 99) 321/366 88 (84 to 91) 11 (7 to 14) <.001 .46

First-attempt intubation success by
Cormack-Lehane view, all patients

Grade 1 265/269 99 (96 to 100) 258/269 96 (93 to 98) 3 (0 to 5) .07 .04

Grade 2 72/74 97 (91 to 100) 41/62 66 (53 to 78) 31 (19 to 44) <.001 .13

Grade 3 26/27 96 (81 to 100) 11/23 48 (27 to 69) 48 (27 to 71) <.001 .17

Grade 4 3/3 100 (29 to 100) 2/5 40 (5 to 85) 60 (17 to 100) .09 .78

First-attempt intubation success by actual
first device entered into mouth after
laryngoscope, all patientse

392/402 98 (95 to 99) 309/355 87 (83 to 90) 10 (7 to 14) <.001 NA

First-attempt duration if first attempt
successful, median (IQR), sc

38 (29 to 51) 34 (23 to 47) 4 (2 to 7) <.001 .03

Abbreviations: IQR, interquartile range; NA, not applicable.
a The interaction P value column displays NA for analyses that included all

patients.
b Oxyhemoglobin saturations were recorded in real time by research associates.

Hypoxemia was defined as an oxyhemoglobin saturation <90% (or, if the
attempt began with a saturation <90%, an absolute decrease in saturation of
>10%) during or within 1 min after completion of the intubation attempt. Valid
pulse oximetry waveform during intubation was not available for all patients.

c Intubation duration was defined as the time elapsed from when the

laryngoscope blade entered the mouth to when the blade was removed from
the mouth.

d Short neck, small mandible, airway obstruction or edema, facial trauma and
large tongue subgroups are not displayed because there were too few patients
with these characteristics to make a valid comparison between groups.

e Those that had the laryngoscope withdrawn before attempted passage of the
bougie or endotracheal tube + stylet were considered to have the randomized
device passed first for this analysis.
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1 of these patients, the tube was rotated 90° counterclock-
wise and advanced without resistance into the trachea. In 1 pa-
tient, the tube could not be advanced, both tube and bougie
were removed, and intubation was ultimately successful with
a bougie on a subsequent attempt.

Among the 56 patients (7%) in both groups who were not
intubated on the first attempt, subsequent attempt(s) were suc-

cessful with the help of several rescue techniques including
the bougie in 49 patients, the intubating laryngeal mask air-
way in 1 patient, and cricothyrotomy in 1 patient (Table 4).

Complications
Complications were infrequent and occurred with a similar fre-
quency in both groups (Table 5). The incidence of hypoxemia

Table 3. Trial Outcomes Among Patients Admitted to the Emergency Department Undergoing Orotracheal Intubation Using a Bougie vs
an Endotracheal Tube + Stylet

Outcome

Bougie Group
Endotracheal Tube + Stylet
Group

Difference
(95% CI) P Value

Interaction
P Valuea

No. With
Event/ Total
No. of Patients % (95% CI)

No. With
Event/ Total
No. of Patients % (95% CI)

Primary Outcome

First-attempt intubation success, patients
with any difficult airway characteristic
(n = 380)

191/198 96 (93 to 99) 150/182 82 (76 to 88) 14 (8 to 20) <.001 .36

Planned Secondary Outcomes

Patients with any difficult airway
characteristic
(n = 380)

First-attempt intubation success
without hypoxemiab

156/191 82 (76 to 87) 123/177 69 (63 to 76) 12 (3 to 21) .006 .61

First-attempt duration,
median (IQR), sc

39 (29 to 52) 40 (27 to 63) −1 (−6 to 3) .50 .17

All patients (N = 757)

First-attempt intubation success, overall 373/381 98 (96 to 99) 328/376 87 (83 to 90) 11 (7 to 14) <.001 NA

First-attempt intubation success
without hypoxemiab

317/371 85 (81 to 89) 282/366 77 (72 to 81) 8 (3 to 14) .003 NA

First-attempt duration, median (IQR), sc 38 (29 to 51) 36 (25 to 54) 1 (4 to −1) .24 NA

Unplanned Subgroup Analyses

First-attempt intubation success by
individual difficult airway characteristicd

Blood or vomit in airway (n = 150) 79/83 95 (88 to 99) 55/67 82 (71 to 90) 13 (3 to 23) .01 .31

Cervical immobilization (n = 85) 49/49 100 (93 to 100) 28/36 78 (61 to 90) 22 (9 to 36) .001 .25

Obesity (n = 125) 55/57 96 (88 to 100) 51/68 75 (63 to 85) 21 (10 to 33) .001 .63

First-attempt intubation success,
no difficult airway characteristic (n = 377)

182/183 99 (97 to 100) 178/194 92 (87 to 95) 8 (4 to 12) <.001 .36

First-attempt intubation success when
C-MAC used, all patients

356/362 98 (96 to 99) 321/366 88 (84 to 91) 11 (7 to 14) <.001 .46

First-attempt intubation success by
Cormack-Lehane view, all patients

Grade 1 265/269 99 (96 to 100) 258/269 96 (93 to 98) 3 (0 to 5) .07 .04

Grade 2 72/74 97 (91 to 100) 41/62 66 (53 to 78) 31 (19 to 44) <.001 .13

Grade 3 26/27 96 (81 to 100) 11/23 48 (27 to 69) 48 (27 to 71) <.001 .17

Grade 4 3/3 100 (29 to 100) 2/5 40 (5 to 85) 60 (17 to 100) .09 .78

First-attempt intubation success by actual
first device entered into mouth after
laryngoscope, all patientse

392/402 98 (95 to 99) 309/355 87 (83 to 90) 10 (7 to 14) <.001 NA

First-attempt duration if first attempt
successful, median (IQR), sc

38 (29 to 51) 34 (23 to 47) 4 (2 to 7) <.001 .03

Abbreviations: IQR, interquartile range; NA, not applicable.
a The interaction P value column displays NA for analyses that included all

patients.
b Oxyhemoglobin saturations were recorded in real time by research associates.

Hypoxemia was defined as an oxyhemoglobin saturation <90% (or, if the
attempt began with a saturation <90%, an absolute decrease in saturation of
>10%) during or within 1 min after completion of the intubation attempt. Valid
pulse oximetry waveform during intubation was not available for all patients.

c Intubation duration was defined as the time elapsed from when the

laryngoscope blade entered the mouth to when the blade was removed from
the mouth.

d Short neck, small mandible, airway obstruction or edema, facial trauma and
large tongue subgroups are not displayed because there were too few patients
with these characteristics to make a valid comparison between groups.

e Those that had the laryngoscope withdrawn before attempted passage of the
bougie or endotracheal tube + stylet were considered to have the randomized
device passed first for this analysis.
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1 of these patients, the tube was rotated 90° counterclock-
wise and advanced without resistance into the trachea. In 1 pa-
tient, the tube could not be advanced, both tube and bougie
were removed, and intubation was ultimately successful with
a bougie on a subsequent attempt.

Among the 56 patients (7%) in both groups who were not
intubated on the first attempt, subsequent attempt(s) were suc-

cessful with the help of several rescue techniques including
the bougie in 49 patients, the intubating laryngeal mask air-
way in 1 patient, and cricothyrotomy in 1 patient (Table 4).

Complications
Complications were infrequent and occurred with a similar fre-
quency in both groups (Table 5). The incidence of hypoxemia

Table 3. Trial Outcomes Among Patients Admitted to the Emergency Department Undergoing Orotracheal Intubation Using a Bougie vs
an Endotracheal Tube + Stylet

Outcome

Bougie Group
Endotracheal Tube + Stylet
Group

Difference
(95% CI) P Value

Interaction
P Valuea

No. With
Event/ Total
No. of Patients % (95% CI)

No. With
Event/ Total
No. of Patients % (95% CI)

Primary Outcome

First-attempt intubation success, patients
with any difficult airway characteristic
(n = 380)

191/198 96 (93 to 99) 150/182 82 (76 to 88) 14 (8 to 20) <.001 .36

Planned Secondary Outcomes

Patients with any difficult airway
characteristic
(n = 380)

First-attempt intubation success
without hypoxemiab

156/191 82 (76 to 87) 123/177 69 (63 to 76) 12 (3 to 21) .006 .61

First-attempt duration,
median (IQR), sc

39 (29 to 52) 40 (27 to 63) −1 (−6 to 3) .50 .17

All patients (N = 757)

First-attempt intubation success, overall 373/381 98 (96 to 99) 328/376 87 (83 to 90) 11 (7 to 14) <.001 NA

First-attempt intubation success
without hypoxemiab

317/371 85 (81 to 89) 282/366 77 (72 to 81) 8 (3 to 14) .003 NA

First-attempt duration, median (IQR), sc 38 (29 to 51) 36 (25 to 54) 1 (4 to −1) .24 NA

Unplanned Subgroup Analyses

First-attempt intubation success by
individual difficult airway characteristicd

Blood or vomit in airway (n = 150) 79/83 95 (88 to 99) 55/67 82 (71 to 90) 13 (3 to 23) .01 .31

Cervical immobilization (n = 85) 49/49 100 (93 to 100) 28/36 78 (61 to 90) 22 (9 to 36) .001 .25

Obesity (n = 125) 55/57 96 (88 to 100) 51/68 75 (63 to 85) 21 (10 to 33) .001 .63

First-attempt intubation success,
no difficult airway characteristic (n = 377)

182/183 99 (97 to 100) 178/194 92 (87 to 95) 8 (4 to 12) <.001 .36

First-attempt intubation success when
C-MAC used, all patients

356/362 98 (96 to 99) 321/366 88 (84 to 91) 11 (7 to 14) <.001 .46

First-attempt intubation success by
Cormack-Lehane view, all patients

Grade 1 265/269 99 (96 to 100) 258/269 96 (93 to 98) 3 (0 to 5) .07 .04

Grade 2 72/74 97 (91 to 100) 41/62 66 (53 to 78) 31 (19 to 44) <.001 .13

Grade 3 26/27 96 (81 to 100) 11/23 48 (27 to 69) 48 (27 to 71) <.001 .17

Grade 4 3/3 100 (29 to 100) 2/5 40 (5 to 85) 60 (17 to 100) .09 .78

First-attempt intubation success by actual
first device entered into mouth after
laryngoscope, all patientse

392/402 98 (95 to 99) 309/355 87 (83 to 90) 10 (7 to 14) <.001 NA

First-attempt duration if first attempt
successful, median (IQR), sc

38 (29 to 51) 34 (23 to 47) 4 (2 to 7) <.001 .03

Abbreviations: IQR, interquartile range; NA, not applicable.
a The interaction P value column displays NA for analyses that included all

patients.
b Oxyhemoglobin saturations were recorded in real time by research associates.

Hypoxemia was defined as an oxyhemoglobin saturation <90% (or, if the
attempt began with a saturation <90%, an absolute decrease in saturation of
>10%) during or within 1 min after completion of the intubation attempt. Valid
pulse oximetry waveform during intubation was not available for all patients.

c Intubation duration was defined as the time elapsed from when the

laryngoscope blade entered the mouth to when the blade was removed from
the mouth.

d Short neck, small mandible, airway obstruction or edema, facial trauma and
large tongue subgroups are not displayed because there were too few patients
with these characteristics to make a valid comparison between groups.

e Those that had the laryngoscope withdrawn before attempted passage of the
bougie or endotracheal tube + stylet were considered to have the randomized
device passed first for this analysis.
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1 of these patients, the tube was rotated 90° counterclock-
wise and advanced without resistance into the trachea. In 1 pa-
tient, the tube could not be advanced, both tube and bougie
were removed, and intubation was ultimately successful with
a bougie on a subsequent attempt.

Among the 56 patients (7%) in both groups who were not
intubated on the first attempt, subsequent attempt(s) were suc-

cessful with the help of several rescue techniques including
the bougie in 49 patients, the intubating laryngeal mask air-
way in 1 patient, and cricothyrotomy in 1 patient (Table 4).

Complications
Complications were infrequent and occurred with a similar fre-
quency in both groups (Table 5). The incidence of hypoxemia

Table 3. Trial Outcomes Among Patients Admitted to the Emergency Department Undergoing Orotracheal Intubation Using a Bougie vs
an Endotracheal Tube + Stylet

Outcome

Bougie Group
Endotracheal Tube + Stylet
Group

Difference
(95% CI) P Value

Interaction
P Valuea

No. With
Event/ Total
No. of Patients % (95% CI)

No. With
Event/ Total
No. of Patients % (95% CI)

Primary Outcome

First-attempt intubation success, patients
with any difficult airway characteristic
(n = 380)

191/198 96 (93 to 99) 150/182 82 (76 to 88) 14 (8 to 20) <.001 .36

Planned Secondary Outcomes

Patients with any difficult airway
characteristic
(n = 380)

First-attempt intubation success
without hypoxemiab

156/191 82 (76 to 87) 123/177 69 (63 to 76) 12 (3 to 21) .006 .61

First-attempt duration,
median (IQR), sc

39 (29 to 52) 40 (27 to 63) −1 (−6 to 3) .50 .17

All patients (N = 757)

First-attempt intubation success, overall 373/381 98 (96 to 99) 328/376 87 (83 to 90) 11 (7 to 14) <.001 NA

First-attempt intubation success
without hypoxemiab

317/371 85 (81 to 89) 282/366 77 (72 to 81) 8 (3 to 14) .003 NA

First-attempt duration, median (IQR), sc 38 (29 to 51) 36 (25 to 54) 1 (4 to −1) .24 NA

Unplanned Subgroup Analyses

First-attempt intubation success by
individual difficult airway characteristicd

Blood or vomit in airway (n = 150) 79/83 95 (88 to 99) 55/67 82 (71 to 90) 13 (3 to 23) .01 .31

Cervical immobilization (n = 85) 49/49 100 (93 to 100) 28/36 78 (61 to 90) 22 (9 to 36) .001 .25

Obesity (n = 125) 55/57 96 (88 to 100) 51/68 75 (63 to 85) 21 (10 to 33) .001 .63

First-attempt intubation success,
no difficult airway characteristic (n = 377)

182/183 99 (97 to 100) 178/194 92 (87 to 95) 8 (4 to 12) <.001 .36

First-attempt intubation success when
C-MAC used, all patients

356/362 98 (96 to 99) 321/366 88 (84 to 91) 11 (7 to 14) <.001 .46

First-attempt intubation success by
Cormack-Lehane view, all patients

Grade 1 265/269 99 (96 to 100) 258/269 96 (93 to 98) 3 (0 to 5) .07 .04

Grade 2 72/74 97 (91 to 100) 41/62 66 (53 to 78) 31 (19 to 44) <.001 .13

Grade 3 26/27 96 (81 to 100) 11/23 48 (27 to 69) 48 (27 to 71) <.001 .17

Grade 4 3/3 100 (29 to 100) 2/5 40 (5 to 85) 60 (17 to 100) .09 .78

First-attempt intubation success by actual
first device entered into mouth after
laryngoscope, all patientse

392/402 98 (95 to 99) 309/355 87 (83 to 90) 10 (7 to 14) <.001 NA

First-attempt duration if first attempt
successful, median (IQR), sc

38 (29 to 51) 34 (23 to 47) 4 (2 to 7) <.001 .03

Abbreviations: IQR, interquartile range; NA, not applicable.
a The interaction P value column displays NA for analyses that included all

patients.
b Oxyhemoglobin saturations were recorded in real time by research associates.

Hypoxemia was defined as an oxyhemoglobin saturation <90% (or, if the
attempt began with a saturation <90%, an absolute decrease in saturation of
>10%) during or within 1 min after completion of the intubation attempt. Valid
pulse oximetry waveform during intubation was not available for all patients.

c Intubation duration was defined as the time elapsed from when the

laryngoscope blade entered the mouth to when the blade was removed from
the mouth.

d Short neck, small mandible, airway obstruction or edema, facial trauma and
large tongue subgroups are not displayed because there were too few patients
with these characteristics to make a valid comparison between groups.

e Those that had the laryngoscope withdrawn before attempted passage of the
bougie or endotracheal tube + stylet were considered to have the randomized
device passed first for this analysis.
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1 of these patients, the tube was rotated 90° counterclock-
wise and advanced without resistance into the trachea. In 1 pa-
tient, the tube could not be advanced, both tube and bougie
were removed, and intubation was ultimately successful with
a bougie on a subsequent attempt.

Among the 56 patients (7%) in both groups who were not
intubated on the first attempt, subsequent attempt(s) were suc-

cessful with the help of several rescue techniques including
the bougie in 49 patients, the intubating laryngeal mask air-
way in 1 patient, and cricothyrotomy in 1 patient (Table 4).

Complications
Complications were infrequent and occurred with a similar fre-
quency in both groups (Table 5). The incidence of hypoxemia

Table 3. Trial Outcomes Among Patients Admitted to the Emergency Department Undergoing Orotracheal Intubation Using a Bougie vs
an Endotracheal Tube + Stylet

Outcome

Bougie Group
Endotracheal Tube + Stylet
Group

Difference
(95% CI) P Value

Interaction
P Valuea

No. With
Event/ Total
No. of Patients % (95% CI)

No. With
Event/ Total
No. of Patients % (95% CI)

Primary Outcome

First-attempt intubation success, patients
with any difficult airway characteristic
(n = 380)

191/198 96 (93 to 99) 150/182 82 (76 to 88) 14 (8 to 20) <.001 .36

Planned Secondary Outcomes

Patients with any difficult airway
characteristic
(n = 380)

First-attempt intubation success
without hypoxemiab

156/191 82 (76 to 87) 123/177 69 (63 to 76) 12 (3 to 21) .006 .61

First-attempt duration,
median (IQR), sc

39 (29 to 52) 40 (27 to 63) −1 (−6 to 3) .50 .17

All patients (N = 757)

First-attempt intubation success, overall 373/381 98 (96 to 99) 328/376 87 (83 to 90) 11 (7 to 14) <.001 NA

First-attempt intubation success
without hypoxemiab

317/371 85 (81 to 89) 282/366 77 (72 to 81) 8 (3 to 14) .003 NA

First-attempt duration, median (IQR), sc 38 (29 to 51) 36 (25 to 54) 1 (4 to −1) .24 NA

Unplanned Subgroup Analyses

First-attempt intubation success by
individual difficult airway characteristicd

Blood or vomit in airway (n = 150) 79/83 95 (88 to 99) 55/67 82 (71 to 90) 13 (3 to 23) .01 .31

Cervical immobilization (n = 85) 49/49 100 (93 to 100) 28/36 78 (61 to 90) 22 (9 to 36) .001 .25

Obesity (n = 125) 55/57 96 (88 to 100) 51/68 75 (63 to 85) 21 (10 to 33) .001 .63

First-attempt intubation success,
no difficult airway characteristic (n = 377)

182/183 99 (97 to 100) 178/194 92 (87 to 95) 8 (4 to 12) <.001 .36

First-attempt intubation success when
C-MAC used, all patients

356/362 98 (96 to 99) 321/366 88 (84 to 91) 11 (7 to 14) <.001 .46

First-attempt intubation success by
Cormack-Lehane view, all patients

Grade 1 265/269 99 (96 to 100) 258/269 96 (93 to 98) 3 (0 to 5) .07 .04

Grade 2 72/74 97 (91 to 100) 41/62 66 (53 to 78) 31 (19 to 44) <.001 .13

Grade 3 26/27 96 (81 to 100) 11/23 48 (27 to 69) 48 (27 to 71) <.001 .17

Grade 4 3/3 100 (29 to 100) 2/5 40 (5 to 85) 60 (17 to 100) .09 .78

First-attempt intubation success by actual
first device entered into mouth after
laryngoscope, all patientse

392/402 98 (95 to 99) 309/355 87 (83 to 90) 10 (7 to 14) <.001 NA

First-attempt duration if first attempt
successful, median (IQR), sc

38 (29 to 51) 34 (23 to 47) 4 (2 to 7) <.001 .03

Abbreviations: IQR, interquartile range; NA, not applicable.
a The interaction P value column displays NA for analyses that included all

patients.
b Oxyhemoglobin saturations were recorded in real time by research associates.

Hypoxemia was defined as an oxyhemoglobin saturation <90% (or, if the
attempt began with a saturation <90%, an absolute decrease in saturation of
>10%) during or within 1 min after completion of the intubation attempt. Valid
pulse oximetry waveform during intubation was not available for all patients.

c Intubation duration was defined as the time elapsed from when the

laryngoscope blade entered the mouth to when the blade was removed from
the mouth.

d Short neck, small mandible, airway obstruction or edema, facial trauma and
large tongue subgroups are not displayed because there were too few patients
with these characteristics to make a valid comparison between groups.

e Those that had the laryngoscope withdrawn before attempted passage of the
bougie or endotracheal tube + stylet were considered to have the randomized
device passed first for this analysis.
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1 of these patients, the tube was rotated 90° counterclock-
wise and advanced without resistance into the trachea. In 1 pa-
tient, the tube could not be advanced, both tube and bougie
were removed, and intubation was ultimately successful with
a bougie on a subsequent attempt.

Among the 56 patients (7%) in both groups who were not
intubated on the first attempt, subsequent attempt(s) were suc-

cessful with the help of several rescue techniques including
the bougie in 49 patients, the intubating laryngeal mask air-
way in 1 patient, and cricothyrotomy in 1 patient (Table 4).

Complications
Complications were infrequent and occurred with a similar fre-
quency in both groups (Table 5). The incidence of hypoxemia

Table 3. Trial Outcomes Among Patients Admitted to the Emergency Department Undergoing Orotracheal Intubation Using a Bougie vs
an Endotracheal Tube + Stylet

Outcome

Bougie Group
Endotracheal Tube + Stylet
Group

Difference
(95% CI) P Value

Interaction
P Valuea

No. With
Event/ Total
No. of Patients % (95% CI)

No. With
Event/ Total
No. of Patients % (95% CI)

Primary Outcome

First-attempt intubation success, patients
with any difficult airway characteristic
(n = 380)

191/198 96 (93 to 99) 150/182 82 (76 to 88) 14 (8 to 20) <.001 .36

Planned Secondary Outcomes

Patients with any difficult airway
characteristic
(n = 380)

First-attempt intubation success
without hypoxemiab

156/191 82 (76 to 87) 123/177 69 (63 to 76) 12 (3 to 21) .006 .61

First-attempt duration,
median (IQR), sc

39 (29 to 52) 40 (27 to 63) −1 (−6 to 3) .50 .17

All patients (N = 757)

First-attempt intubation success, overall 373/381 98 (96 to 99) 328/376 87 (83 to 90) 11 (7 to 14) <.001 NA

First-attempt intubation success
without hypoxemiab

317/371 85 (81 to 89) 282/366 77 (72 to 81) 8 (3 to 14) .003 NA

First-attempt duration, median (IQR), sc 38 (29 to 51) 36 (25 to 54) 1 (4 to −1) .24 NA

Unplanned Subgroup Analyses

First-attempt intubation success by
individual difficult airway characteristicd

Blood or vomit in airway (n = 150) 79/83 95 (88 to 99) 55/67 82 (71 to 90) 13 (3 to 23) .01 .31

Cervical immobilization (n = 85) 49/49 100 (93 to 100) 28/36 78 (61 to 90) 22 (9 to 36) .001 .25

Obesity (n = 125) 55/57 96 (88 to 100) 51/68 75 (63 to 85) 21 (10 to 33) .001 .63

First-attempt intubation success,
no difficult airway characteristic (n = 377)

182/183 99 (97 to 100) 178/194 92 (87 to 95) 8 (4 to 12) <.001 .36

First-attempt intubation success when
C-MAC used, all patients

356/362 98 (96 to 99) 321/366 88 (84 to 91) 11 (7 to 14) <.001 .46

First-attempt intubation success by
Cormack-Lehane view, all patients

Grade 1 265/269 99 (96 to 100) 258/269 96 (93 to 98) 3 (0 to 5) .07 .04

Grade 2 72/74 97 (91 to 100) 41/62 66 (53 to 78) 31 (19 to 44) <.001 .13

Grade 3 26/27 96 (81 to 100) 11/23 48 (27 to 69) 48 (27 to 71) <.001 .17

Grade 4 3/3 100 (29 to 100) 2/5 40 (5 to 85) 60 (17 to 100) .09 .78

First-attempt intubation success by actual
first device entered into mouth after
laryngoscope, all patientse

392/402 98 (95 to 99) 309/355 87 (83 to 90) 10 (7 to 14) <.001 NA

First-attempt duration if first attempt
successful, median (IQR), sc

38 (29 to 51) 34 (23 to 47) 4 (2 to 7) <.001 .03

Abbreviations: IQR, interquartile range; NA, not applicable.
a The interaction P value column displays NA for analyses that included all

patients.
b Oxyhemoglobin saturations were recorded in real time by research associates.

Hypoxemia was defined as an oxyhemoglobin saturation <90% (or, if the
attempt began with a saturation <90%, an absolute decrease in saturation of
>10%) during or within 1 min after completion of the intubation attempt. Valid
pulse oximetry waveform during intubation was not available for all patients.

c Intubation duration was defined as the time elapsed from when the

laryngoscope blade entered the mouth to when the blade was removed from
the mouth.

d Short neck, small mandible, airway obstruction or edema, facial trauma and
large tongue subgroups are not displayed because there were too few patients
with these characteristics to make a valid comparison between groups.

e Those that had the laryngoscope withdrawn before attempted passage of the
bougie or endotracheal tube + stylet were considered to have the randomized
device passed first for this analysis.
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1 of these patients, the tube was rotated 90° counterclock-
wise and advanced without resistance into the trachea. In 1 pa-
tient, the tube could not be advanced, both tube and bougie
were removed, and intubation was ultimately successful with
a bougie on a subsequent attempt.

Among the 56 patients (7%) in both groups who were not
intubated on the first attempt, subsequent attempt(s) were suc-

cessful with the help of several rescue techniques including
the bougie in 49 patients, the intubating laryngeal mask air-
way in 1 patient, and cricothyrotomy in 1 patient (Table 4).

Complications
Complications were infrequent and occurred with a similar fre-
quency in both groups (Table 5). The incidence of hypoxemia

Table 3. Trial Outcomes Among Patients Admitted to the Emergency Department Undergoing Orotracheal Intubation Using a Bougie vs
an Endotracheal Tube + Stylet

Outcome

Bougie Group
Endotracheal Tube + Stylet
Group

Difference
(95% CI) P Value

Interaction
P Valuea

No. With
Event/ Total
No. of Patients % (95% CI)

No. With
Event/ Total
No. of Patients % (95% CI)

Primary Outcome

First-attempt intubation success, patients
with any difficult airway characteristic
(n = 380)

191/198 96 (93 to 99) 150/182 82 (76 to 88) 14 (8 to 20) <.001 .36

Planned Secondary Outcomes

Patients with any difficult airway
characteristic
(n = 380)

First-attempt intubation success
without hypoxemiab

156/191 82 (76 to 87) 123/177 69 (63 to 76) 12 (3 to 21) .006 .61

First-attempt duration,
median (IQR), sc

39 (29 to 52) 40 (27 to 63) −1 (−6 to 3) .50 .17

All patients (N = 757)

First-attempt intubation success, overall 373/381 98 (96 to 99) 328/376 87 (83 to 90) 11 (7 to 14) <.001 NA

First-attempt intubation success
without hypoxemiab

317/371 85 (81 to 89) 282/366 77 (72 to 81) 8 (3 to 14) .003 NA

First-attempt duration, median (IQR), sc 38 (29 to 51) 36 (25 to 54) 1 (4 to −1) .24 NA

Unplanned Subgroup Analyses

First-attempt intubation success by
individual difficult airway characteristicd

Blood or vomit in airway (n = 150) 79/83 95 (88 to 99) 55/67 82 (71 to 90) 13 (3 to 23) .01 .31

Cervical immobilization (n = 85) 49/49 100 (93 to 100) 28/36 78 (61 to 90) 22 (9 to 36) .001 .25

Obesity (n = 125) 55/57 96 (88 to 100) 51/68 75 (63 to 85) 21 (10 to 33) .001 .63

First-attempt intubation success,
no difficult airway characteristic (n = 377)

182/183 99 (97 to 100) 178/194 92 (87 to 95) 8 (4 to 12) <.001 .36

First-attempt intubation success when
C-MAC used, all patients

356/362 98 (96 to 99) 321/366 88 (84 to 91) 11 (7 to 14) <.001 .46

First-attempt intubation success by
Cormack-Lehane view, all patients

Grade 1 265/269 99 (96 to 100) 258/269 96 (93 to 98) 3 (0 to 5) .07 .04

Grade 2 72/74 97 (91 to 100) 41/62 66 (53 to 78) 31 (19 to 44) <.001 .13

Grade 3 26/27 96 (81 to 100) 11/23 48 (27 to 69) 48 (27 to 71) <.001 .17

Grade 4 3/3 100 (29 to 100) 2/5 40 (5 to 85) 60 (17 to 100) .09 .78

First-attempt intubation success by actual
first device entered into mouth after
laryngoscope, all patientse

392/402 98 (95 to 99) 309/355 87 (83 to 90) 10 (7 to 14) <.001 NA

First-attempt duration if first attempt
successful, median (IQR), sc

38 (29 to 51) 34 (23 to 47) 4 (2 to 7) <.001 .03

Abbreviations: IQR, interquartile range; NA, not applicable.
a The interaction P value column displays NA for analyses that included all

patients.
b Oxyhemoglobin saturations were recorded in real time by research associates.

Hypoxemia was defined as an oxyhemoglobin saturation <90% (or, if the
attempt began with a saturation <90%, an absolute decrease in saturation of
>10%) during or within 1 min after completion of the intubation attempt. Valid
pulse oximetry waveform during intubation was not available for all patients.

c Intubation duration was defined as the time elapsed from when the

laryngoscope blade entered the mouth to when the blade was removed from
the mouth.

d Short neck, small mandible, airway obstruction or edema, facial trauma and
large tongue subgroups are not displayed because there were too few patients
with these characteristics to make a valid comparison between groups.

e Those that had the laryngoscope withdrawn before attempted passage of the
bougie or endotracheal tube + stylet were considered to have the randomized
device passed first for this analysis.
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during intubation was similar between the bougie group (13%)
and the endotracheal tube + stylet group (14%). No patients
had an esophageal intubation in the bougie group, and 3 pa-
tients (1%) had esophageal intubation in the endotracheal
tube + stylet group (Table 5).

Discussion
In this trial, orotracheal intubation with a bougie on the ini-
tial intubation attempt compared with intubation using a sty-
let and endotracheal tube led to improved first-attempt intu-
bation success in patients with at least 1 difficult airway
characteristic. In light of the significant association between
first-attempt intubation success and fewer intubation-
related adverse events in previous research,4,16-19 the bougie
may be beneficial as a primary intubation device rather than
solely as a rescue adjunct.

Several hypotheses could explain the mechanism by which
the bougie affects first-attempt intubation success. First, by
virtue of its smaller diameter compared with the endotra-
cheal tube, the bougie obscures less of the operator’s view of
the glottic inlet as it approaches, allowing the trachea to be in-
tubated more easily and confidently. Second, the bougie has
advantages when an incomplete view of the glottis is ob-
tained (Cormack-Lehane grade 2-4), as was the case in nearly
one-third of patients in this study. In this instance, the coudé
tip can be placed under the epiglottis and can blindly enter the
glottic opening8,15,20-22; clicking against tracheal rings during
passage and holding up when the tip lodges in the bronchial
tree, providing tactile feedback of proper placement.15 The bou-
gie likely has a higher chance of blindly accessing the glottic
opening when compared with the larger-caliber endotra-
cheal tube.

If emergency physicians in this trial had inadequate
training or experience intubating with an endotracheal
tube + stylet (because the majority of ED intubations at this
institution utilized a bougie prior to this trial6), between-
group differences in first-attempt intubation success could
have been biased away from the null. The first-attempt suc-
cess in the endotracheal tube and stylet group in this trial,
however, compares favorably with success rates reported
elsewhere using this same strategy. For example, in patients
with 1 or more difficult airway characteristics, Sakles et al23

reported a first-attempt success rate of 78% when a video
laryngoscope was used compared with 82% in this study for
endotracheal tube + stylet. In the same study,23 Sakles et al,
examining patients without any difficult airway characteris-
tics, reported a first-attempt success rate of 91% when a
video laryngoscope was used compared with 92% in this
study for endotracheal tube + stylet. Describing more
than 13 000 resident physician intubations in the ED (not
distinguishing those with a difficult airway), Brown et al3

reported first-attempt success of 86.9%, which is similar to
the 87% observed in this trial among all patients random-
ized to an endotracheal tube + stylet. Furthermore, a meta-
analysis of more than 42 000 ED intubations reported first-
attempt success to be 84.1%.24 Taken together, these
comparisons argue against inferior institutional perfor-
mance intubating with endotracheal tube + stylet in the
current trial.

Because more than 96% of patients were intubated
using the C-MAC Macintosh blade for the initial attempt,
this study can essentially be seen as a comparison of first
attempt intubation success using the C-MAC Macintosh
blade with or without the bougie. First-attempt success
using the C-MAC Macintosh blade in a large ED registry was
91%,3 which contrasts to first-attempt success achieved in

Figure 2. Duration of the First Intubation Attempt Until Successful
Intubation Using a Bougie vs Endotracheal Tube + Stylet Among Patients
With 1 or More Difficult Airway Characteristics
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The hazard ratio for first-attempt success in the bougie group was 1.29 (95% CI,
1.04 to 1.60), with endotracheal tube + stylet group as reference. Vertical ticks
mark the time point when the intubation attempt for !1 patients ended in
failure. The assumption of proportional hazards over time was not upheld.

Table 4. Successful Technique After Failed First Attempt Among Patients
Admitted to the Emergency Department Undergoing Orotracheal
Intubation With a Bougie vs Endotracheal Tube + Stylet

Attempt Detail
Bougie Group
(n = 8)

Endotracheal
Tube + Stylet Group
(n = 48)

Same (first) laryngoscopic insertion

Bougie 0 34 (71)

Endotracheal tube + stylet 0 1 (2)a

Second laryngoscopic insertion

Bougie 6 (75) 6 (13)

Endotracheal tube + stylet 0 3 (6)

Second attempt with different
intubating deviceb

0 2 (4)

>2 Attemptsc 2 (25) 2 (4)

a This patient had the bougie used first, which failed, and the endotracheal
tube + stylet was used on the same attempt to successfully intubate the
patient.

b One was rescued with an intubating laryngeal mask airway; 1 had a
cricothyrotomy.

c Three of 4 were intubated on the third attempt with a bougie; the fourth had a
tracheal abnormality and was intubated after several attempts with 4.0 mm
stylet and endotracheal tube.
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1 of these patients, the tube was rotated 90° counterclock-
wise and advanced without resistance into the trachea. In 1 pa-
tient, the tube could not be advanced, both tube and bougie
were removed, and intubation was ultimately successful with
a bougie on a subsequent attempt.

Among the 56 patients (7%) in both groups who were not
intubated on the first attempt, subsequent attempt(s) were suc-

cessful with the help of several rescue techniques including
the bougie in 49 patients, the intubating laryngeal mask air-
way in 1 patient, and cricothyrotomy in 1 patient (Table 4).

Complications
Complications were infrequent and occurred with a similar fre-
quency in both groups (Table 5). The incidence of hypoxemia

Table 3. Trial Outcomes Among Patients Admitted to the Emergency Department Undergoing Orotracheal Intubation Using a Bougie vs
an Endotracheal Tube + Stylet

Outcome

Bougie Group
Endotracheal Tube + Stylet
Group

Difference
(95% CI) P Value

Interaction
P Valuea

No. With
Event/ Total
No. of Patients % (95% CI)

No. With
Event/ Total
No. of Patients % (95% CI)

Primary Outcome

First-attempt intubation success, patients
with any difficult airway characteristic
(n = 380)

191/198 96 (93 to 99) 150/182 82 (76 to 88) 14 (8 to 20) <.001 .36

Planned Secondary Outcomes

Patients with any difficult airway
characteristic
(n = 380)

First-attempt intubation success
without hypoxemiab

156/191 82 (76 to 87) 123/177 69 (63 to 76) 12 (3 to 21) .006 .61

First-attempt duration,
median (IQR), sc

39 (29 to 52) 40 (27 to 63) −1 (−6 to 3) .50 .17

All patients (N = 757)

First-attempt intubation success, overall 373/381 98 (96 to 99) 328/376 87 (83 to 90) 11 (7 to 14) <.001 NA

First-attempt intubation success
without hypoxemiab

317/371 85 (81 to 89) 282/366 77 (72 to 81) 8 (3 to 14) .003 NA

First-attempt duration, median (IQR), sc 38 (29 to 51) 36 (25 to 54) 1 (4 to −1) .24 NA

Unplanned Subgroup Analyses

First-attempt intubation success by
individual difficult airway characteristicd

Blood or vomit in airway (n = 150) 79/83 95 (88 to 99) 55/67 82 (71 to 90) 13 (3 to 23) .01 .31

Cervical immobilization (n = 85) 49/49 100 (93 to 100) 28/36 78 (61 to 90) 22 (9 to 36) .001 .25

Obesity (n = 125) 55/57 96 (88 to 100) 51/68 75 (63 to 85) 21 (10 to 33) .001 .63

First-attempt intubation success,
no difficult airway characteristic (n = 377)

182/183 99 (97 to 100) 178/194 92 (87 to 95) 8 (4 to 12) <.001 .36

First-attempt intubation success when
C-MAC used, all patients

356/362 98 (96 to 99) 321/366 88 (84 to 91) 11 (7 to 14) <.001 .46

First-attempt intubation success by
Cormack-Lehane view, all patients

Grade 1 265/269 99 (96 to 100) 258/269 96 (93 to 98) 3 (0 to 5) .07 .04

Grade 2 72/74 97 (91 to 100) 41/62 66 (53 to 78) 31 (19 to 44) <.001 .13

Grade 3 26/27 96 (81 to 100) 11/23 48 (27 to 69) 48 (27 to 71) <.001 .17

Grade 4 3/3 100 (29 to 100) 2/5 40 (5 to 85) 60 (17 to 100) .09 .78

First-attempt intubation success by actual
first device entered into mouth after
laryngoscope, all patientse

392/402 98 (95 to 99) 309/355 87 (83 to 90) 10 (7 to 14) <.001 NA

First-attempt duration if first attempt
successful, median (IQR), sc

38 (29 to 51) 34 (23 to 47) 4 (2 to 7) <.001 .03

Abbreviations: IQR, interquartile range; NA, not applicable.
a The interaction P value column displays NA for analyses that included all

patients.
b Oxyhemoglobin saturations were recorded in real time by research associates.

Hypoxemia was defined as an oxyhemoglobin saturation <90% (or, if the
attempt began with a saturation <90%, an absolute decrease in saturation of
>10%) during or within 1 min after completion of the intubation attempt. Valid
pulse oximetry waveform during intubation was not available for all patients.

c Intubation duration was defined as the time elapsed from when the

laryngoscope blade entered the mouth to when the blade was removed from
the mouth.

d Short neck, small mandible, airway obstruction or edema, facial trauma and
large tongue subgroups are not displayed because there were too few patients
with these characteristics to make a valid comparison between groups.

e Those that had the laryngoscope withdrawn before attempted passage of the
bougie or endotracheal tube + stylet were considered to have the randomized
device passed first for this analysis.
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during intubation was similar between the bougie group (13%)
and the endotracheal tube + stylet group (14%). No patients
had an esophageal intubation in the bougie group, and 3 pa-
tients (1%) had esophageal intubation in the endotracheal
tube + stylet group (Table 5).

Discussion
In this trial, orotracheal intubation with a bougie on the ini-
tial intubation attempt compared with intubation using a sty-
let and endotracheal tube led to improved first-attempt intu-
bation success in patients with at least 1 difficult airway
characteristic. In light of the significant association between
first-attempt intubation success and fewer intubation-
related adverse events in previous research,4,16-19 the bougie
may be beneficial as a primary intubation device rather than
solely as a rescue adjunct.

Several hypotheses could explain the mechanism by which
the bougie affects first-attempt intubation success. First, by
virtue of its smaller diameter compared with the endotra-
cheal tube, the bougie obscures less of the operator’s view of
the glottic inlet as it approaches, allowing the trachea to be in-
tubated more easily and confidently. Second, the bougie has
advantages when an incomplete view of the glottis is ob-
tained (Cormack-Lehane grade 2-4), as was the case in nearly
one-third of patients in this study. In this instance, the coudé
tip can be placed under the epiglottis and can blindly enter the
glottic opening8,15,20-22; clicking against tracheal rings during
passage and holding up when the tip lodges in the bronchial
tree, providing tactile feedback of proper placement.15 The bou-
gie likely has a higher chance of blindly accessing the glottic
opening when compared with the larger-caliber endotra-
cheal tube.

If emergency physicians in this trial had inadequate
training or experience intubating with an endotracheal
tube + stylet (because the majority of ED intubations at this
institution utilized a bougie prior to this trial6), between-
group differences in first-attempt intubation success could
have been biased away from the null. The first-attempt suc-
cess in the endotracheal tube and stylet group in this trial,
however, compares favorably with success rates reported
elsewhere using this same strategy. For example, in patients
with 1 or more difficult airway characteristics, Sakles et al23

reported a first-attempt success rate of 78% when a video
laryngoscope was used compared with 82% in this study for
endotracheal tube + stylet. In the same study,23 Sakles et al,
examining patients without any difficult airway characteris-
tics, reported a first-attempt success rate of 91% when a
video laryngoscope was used compared with 92% in this
study for endotracheal tube + stylet. Describing more
than 13 000 resident physician intubations in the ED (not
distinguishing those with a difficult airway), Brown et al3

reported first-attempt success of 86.9%, which is similar to
the 87% observed in this trial among all patients random-
ized to an endotracheal tube + stylet. Furthermore, a meta-
analysis of more than 42 000 ED intubations reported first-
attempt success to be 84.1%.24 Taken together, these
comparisons argue against inferior institutional perfor-
mance intubating with endotracheal tube + stylet in the
current trial.

Because more than 96% of patients were intubated
using the C-MAC Macintosh blade for the initial attempt,
this study can essentially be seen as a comparison of first
attempt intubation success using the C-MAC Macintosh
blade with or without the bougie. First-attempt success
using the C-MAC Macintosh blade in a large ED registry was
91%,3 which contrasts to first-attempt success achieved in

Figure 2. Duration of the First Intubation Attempt Until Successful
Intubation Using a Bougie vs Endotracheal Tube + Stylet Among Patients
With 1 or More Difficult Airway Characteristics
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The hazard ratio for first-attempt success in the bougie group was 1.29 (95% CI,
1.04 to 1.60), with endotracheal tube + stylet group as reference. Vertical ticks
mark the time point when the intubation attempt for !1 patients ended in
failure. The assumption of proportional hazards over time was not upheld.

Table 4. Successful Technique After Failed First Attempt Among Patients
Admitted to the Emergency Department Undergoing Orotracheal
Intubation With a Bougie vs Endotracheal Tube + Stylet

Attempt Detail
Bougie Group
(n = 8)

Endotracheal
Tube + Stylet Group
(n = 48)

Same (first) laryngoscopic insertion

Bougie 0 34 (71)

Endotracheal tube + stylet 0 1 (2)a

Second laryngoscopic insertion

Bougie 6 (75) 6 (13)

Endotracheal tube + stylet 0 3 (6)

Second attempt with different
intubating deviceb

0 2 (4)

>2 Attemptsc 2 (25) 2 (4)

a This patient had the bougie used first, which failed, and the endotracheal
tube + stylet was used on the same attempt to successfully intubate the
patient.

b One was rescued with an intubating laryngeal mask airway; 1 had a
cricothyrotomy.

c Three of 4 were intubated on the third attempt with a bougie; the fourth had a
tracheal abnormality and was intubated after several attempts with 4.0 mm
stylet and endotracheal tube.
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this study using C-MAC Macintosh blade with a bougie
achieved in this study (98%). This supports the finding
that the bougie could have incremental benefit in improving
first-attempt success in the ED and suggests an expanded
role for expansion of the role of the bougie beyond difficult
airways15,21,22,25 and rescue after failed attempts.7,25-27

To our knowledge, first-attempt success in the ED as high
as 98% has not previously been reported using any
combination of airway devices or algorithms, though
introduction of a new intubation protocol combining
the C-MAC video laryngoscope and the bougie in a heli-
copter system improved first-attempt success to above
98%.28

The trial data may be interpreted as supporting greater ease
of use of the bougie compared with the endotracheal
tube + stylet. A greater proportion of operators using the bou-
gie vs the endotracheal tube never viewed the video laryn-
goscopy screen during the procedure (Table 2). Similarly, al-
though bougie use requires the additional step of placing the
endotracheal tube over the bougie, the duration of the first at-
tempt with bougie use was shorter (based on the results of the
Cox proportional hazard model) for patients with a difficult air-
way characteristic and similar when considering all patients.
Because laryngeal views were comparable between groups,
these findings suggest that passing the device into the tra-
chea is simpler with a bougie compared with an endotracheal
tube + stylet.

Challenges may be anticipated when learning or per-
forming bougie-assisted orotracheal intubation. The endo-
tracheal tube can encounter resistance at the arytenoid car-
tilages when being passed over a bougie. This was observed
in 7% of intubations in the bougie group, but was remedied
by slight withdrawal of the tube, 90° counterclockwise rota-
tion, and readvancement in all cases except 1 (Figure S1 in
Supplement 2).12,13 The coudé tip of the bougie can occa-

sionally impinge on the anterior larynx after passing
through the glottis; this is remedied by slight withdrawal
of the bougie, rotation of the tip posteriorly, and
advancement.13 Few instances of bougie-related complica-
tions have been reported in the literature,29-33 and the bou-
gie is generally viewed as a safe device34,35; this trial sup-
ports this view, with complications being rare in both
groups without clear causative links. Use of the hold-up
sign, however, may increase the risk of pneumothorax,
especially if the bougie does not have a coudé tip, which
allows penetration of the bougie into smaller, more fragile
bronchi.32,36 Because of the danger of the hold-up sign, it
should not be sought when the intubator knows the bougie
has been correctly placed into the trachea, either by visual-
ization of the bougie anterior to the arytenoid cartilages or
detection of tracheal clicks. If sought, the intubator should
do so gently.

Limitations
This study has several limitations. First, these data are from
a single institution with a history of bougie use,13,37 hence
the results may not be generalizable to physicians less
familiar with its use. Second, difficult airway characteristics
were based on a subjective assessment of the patient before
and during intubation and may be subject to a wide range of
interpretation; although interphysician agreement esti-
mates for these difficult airway characteristics have not
been established, prior work has demonstrated increased
first-attempt failure and intubation-associated complica-
tions when at least 1 characteristic is present.4,11 Third,
because not all difficult airway characteristics were ascer-
tainable before intubation, we could not stratify randomiza-
tion by difficult airway characteristics; therefore the pri-
mary analysis represented a postrandomization subgroup
analysis. However, first-attempt success with bougie use

Table 5. Intubation Complications Among Patients Admitted to the Emergency Department Undergoing Orotracheal Intubation Using a Bougie vs
an Endotracheal Tube + Stylet

Complication

Bougie Group, No.
of Patients (%)
(n = 381)

Endotracheal
Tube + Stylet Group,
No. of Patients (%)
(n = 376)

Difference, %
(95% CI) P Value

Any complicationa 66 (17) 63 (17) 1 (−5 to 6) .83

Hypoxemia, No. of patients/total patients with data (%)b 47/371 (13) 50/364 (14) −1 (−6 to 4) .67

Pneumothorax diagnosed after intubation 9 (2) 9 (2) 0 (−2 to 2) .99

Pneumothorax postintubation without clear causec 1 (<1) 3 (1) −1 (−2 to 1) .31

Lip laceration 7 (2) 3 (1) 1 (−1 to 3) .21

Witnessed aspiration during intubation 3 (1) 1 (<1) 1 (−1 to 2) .32

Iatrogenic bleeding from oropharynx or perilaryngeal structures 2 (1) 2 (1) 0 (−1 to 1) .99

Dental trauma 1 (<1) 1 (<1) 0 (−1 to 1) .99

Esophageal intubation 0 3 (1) −1 (−2 to 0) .08

Direct airway injury 0 0
a Some patients had >1 complication and were only counted once in this

composite variable.
b Oxyhemoglobin saturations were recorded in real time by research associates.

Hypoxemia was defined as an oxyhemoglobin saturation <90% (or, if the
attempt began with a saturation <90%, an absolute decrease in saturation of
>10%) during or within 1 min after completion of the intubation attempt. Valid

pulse oximetry waveform during intubation was not available for all patients. A
valid pulse oximetry waveform was not available for all patients.

c Clear causes included chest trauma with rib fractures or patients who received
chest compressions as part of cardiopulmonary resuscitation. None of these 4
patients had the etiology of the pneumothorax definitively identified.
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