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Abstract
Objective: We aim to investigate
whether a bundle of changes made to
the practice of endotracheal intubation
in our ED was associated with an improvement in ﬁrst pass success rate
and a reduction in the incidence of
complications.
Methods: We used a prospective observational study.
Results: The data on 360 patients
who were intubated during an
18-month period following the introduction of these changes were compared with our previously published
observational data. Success on ﬁrst
attempt at intubation improved
83.4% to 93.9% (P < 0.0001). The
proportion of patients with one or
more complication fell from 29.0%
to 19.4% (P < 0.042). Oesophageal
intubation fell from 4.0% to 0.3%
(P < 0.001), and there was a nonsigniﬁcant reduction in the rate of
desaturation, from 15.6% to 10.9%
(P < 0.07).
Conclusion: We have shown that,
through the introduction of a bundle
of changes that spans the domains of
staff training, equipment and
practice standardisation, we have
made signiﬁcant improvements in
the safety of patients undergoing
endotracheal intubation in our ED.

Key words: airway management,
complications, emergency medicine,
intubation, quality improvement.

Introduction
Airway management is a fundamental
aspect of many of the major resuscitations that take place in our EDs1 and
a skill that emergency physicians
(EPs) should deliver in a safe and
timely manner. A number of observational studies have been published
describing how this practice is performed in EDs across the world either
at a single2–6 or multicentre7–11 level.
Following the publication of data on
ED intubation from our institution,12
it was decided to implement a bundle
of changes to our practice in order to
improve patient safety. These changes
occurred across the broad domains of
staff training, equipment and practice
standardisation and are listed in
Table 1. Similar audit cycles have been
undertaken in adult13 and paediatric14
ICUs and a paediatric ED,15 but to our
knowledge, no such work has been
described for a mixed ED.
We aim to investigate whether the
changes made to the practice of endotracheal intubation in our ED were
associated with an improvement in
ﬁrst pass success rate and a reduction
in the incidence of complications.
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Key findings
• Signiﬁcant improvements in RSI
safety have been demonstrated.
• Changes introduced span the domains of staff training, equipment
and practice standardisation.
• All EDs should consider auditing
their practice in order to drive
change.

Methods
This prospective, observational study
was carried out in the ED of the Royal
North Shore Hospital, a major trauma
centre in Sydney, Australia. The ED
has an annual census of approximately
70 000 patients with a 20% paediatric
attendance rate.
Permission for the study was
granted by the Northern Sydney Local
Health District Human Research
Ethics Committee in June 2010.
Data on all attempts at intubation
that occurred in the ED of the Royal
North Shore Hospital over 18 months,
between 1 October 2012 and 30
March 2014, were extracted from the
Australia and New Zealand Emergency Department Airway Registry
and was compared with data from
the initial 18-month period, from 1
April 2010 to 30 September 2011.12
A 12-month interval between data
sets was nominally chosen to allow as
many staff as possible, many of whom
rotate in and out of the ED during the
course of their training, to become familiar with the new procedures. Furthermore, it was felt that by allowing a
whole year between data sets, the second phase of the study would show the
ongoing practice of individuals, rather
than their transient adherence to a new
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TABLE 1.

Quality improvement changes made to the practice of RSI
Intubation could only be performed by those with ≥3 months anaesthetics experience

Staff training and education

Weekly in situ simulation training, run by ED-Simulation Fellow
Provision of part task training and cadaveric workshops
Equipment

Mandated use of a C-Mac video laryngoscope for all attempts†

Practice standardisation

Mandated the use of nasal prong apnoeic diffusion oxygenation
Mandated use of a bougie or stylet for all intubation attempts
Standardised pre-RSI checklist and difﬁcult airway algorithm instituted

†The C-Mac became available for use during the last 12 months of the pre-intervention phase. Its use was mandated during the
second phase. RSI, rapid sequence induction.

set of guidelines, before they potentially
reverted back to their original practice.
The sample size was based on inclusion of all patients requiring endotracheal intubation while they were in
the ED. This included intubations
performed without the use of drugs.
The team leader or the intubator completed a data sheet (Appendix S1) as
close to the time of intubation as possible. Any missing data were
established through interview with
the staff involved or from the medical
record. The register of controlled
drugs was regularly reviewed to ensure all episodes of rapid sequence induction (RSI) were recorded.

Definitions
The deﬁnitions have been described
previously.12

Data analysis
Data collected using the registry forms
were transcribed into a Microsoft Excel
2010 (Microsoft, Redmond, WA, USA)
template. Descriptive statistics including
median and inter-quartile range (IQR
from the 25th to the 75th percentile),
sample proportions and 95% conﬁdence intervals were performed on all
data using Graph-Pad Prism 5.03 (La
Jolla, CA, USA). Χ2 test or, as appropriate, exact tests were used to compare
groups of categorical data. All tests were
two-tailed. Statistically signiﬁcant differences were considered at the P < 0.05
level and are presented where relevant.

Results
During the pre-intervention period,
295 patients were intubated, while

360 were intubated during the post intervention period. The male to female
ratio was 1.7 and 1.6:1, while the median age in each of the two groups
was 52 (IQR 32–72) and 54 (IQR 33,
75) years: this includes 27 (9%) and
22 (6%) paediatric patients (age
<17 years), respectively. The degree
of derangement in patients’ vital signs
was similar between the two time periods (data not shown). Despite the increase of 22% in the number of
intubations that occurred, there was
no statistically signiﬁcant change in
the indications for intubations between
the two phases. The main indications
for intubations were overdose or ingestion in the medical group and head injury in the trauma group (Fig. 1).

Adherence with the changes
The utilisation of the C-Mac video laryngoscope for the ﬁrst attempt increased from 48.8% to 92.7%,
P < 0.001. This was also accompanied
with a 24.9% increase in the use of a
bougie or a stylet, P < 0.001 (Table 2).
The utilisation of the pre-intubation
checklist and nasal prong apnoeic diffusion oxygenation was 92.7% and
88.4%, respectively, conﬁrming that
the majority of staff had incorporated
these changes into their routine practice. Finally, the number of ﬁrst attempts at intubations performed by
novice physicians fell from 24 (8.1%)
to three (0.01%), P < 0.0001 (Table 2).

Effects of the changes
We observed a signiﬁcant improvement
of 10.5% in ﬁrst pass success rate in the
post-intervention phase from 83.4% to
93.9% (P < 0.0001) while success

within one or two attempts improved
from 96.3% to 99.2% (Table 3). The
incidence of difﬁcult laryngoscopy at
the ﬁrst attempt was signiﬁcantly lower
in the post-intervention (7.8%) compared with pre-intervention (17%)
phase (P < 0.001).
The proportion of patients who had
at least one complication fell from
29.0% to 19.4% (P < 0.042). Oesophageal intubation fell from 4.0% to
0.3%, P < 0.001, and there was a
non-signiﬁcant reduction in the rate
of desaturation, from 15.6% to
10.9%, P < 0.07 (Table 4).

Discussion
We believe this is the ﬁrst paper to describe a full quality improvement audit
cycle of the practice of endotracheal intubation in an Australasian ED. By adhering to the changes introduced, we
have demonstrated that our success
rate at ﬁrst attempt of intubation increased signiﬁcantly, and we were able
to intubate more than 99% of our patients within one or two attempts. This
success rate exceeds that shown by
other observational studies of RSI performed in the ED2–6,9–11 and is even
comparable to those seen in the operating theatre.16
A suite of changes was required as
the issues were multifactorial. As previously described, these changes
ranged from implementing checklists
and difﬁcult airway algorithms, to
team training in a simulation setting
to cadaveric airway training.
These data illustrate that reviewing
current practice and instituting change
can make signiﬁcant improvements in
patient safety. A number of issues were
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Figure 1. Indications for intubation in the pre- and post-intervention phases for patients in the medical group (a) and trauma group (b). GI, gastrointestinal; ICH, intracranial hemorrhage; LOC, level of consciousness.

identiﬁed in our previous study that
impacted on ﬁrst pass success rate
and complication rates. The main ones
being intubator skill level, training,
equipment and team performance during a time critical and potentially challenging procedure on sick patients.
The challenge was how to best address
the previous issues in a timely and nonconfrontational manner and at the
same time improve patient care.
Our previous data showed that
novice intubators had a particularly
low ﬁrst pass success rate (58.3%)
so it was mandated that only doctors

who had spent at least 3 months undertaking an anaesthetics placement
would be allowed to attempt to intubate in the ED.12 This decision was
supported by other literature, with
studies showing a clear relationship
between experience and success and
complication rates.17–19 While relatively short, 3 months is the standard
secondment to anaesthetics that ED
trainees undertake at our institution,
and it is accepted that such a period of
time only acts as a foundation for ongoing training in ED-based airway management. We note that for the

purposes of credentialing by the Australasian College for Emergency Medicine, anaesthetics is not a mandatory
term as the requirement is 6 months of
intensive care or anaesthetics.20 We accept that 3 months of anaesthetics only
acts as a foundation for ongoing training in ED-based airway management.
Since April 2013, a multidisciplinary in situ simulation scenario is held
once a week in one of the resuscitation bays in the ED. The scenarios
are designed to improve clinical
knowledge as well as foster effective
multidisciplinary teamwork and crisis resource management. Additional
education has also taken place in lectures, the hospital’s simulation centre
and the cadaveric laboratory. In the
cadaveric workshop, trainees and
consultants practice airway management using various techniques that
include standard laryngoscopy, video
laryngoscopy, laryngeal mask airways and surgical airways.
An algorithm for airway management (Appendix S2) was developed
by consensus among the EPs in our department, and while based on the Difﬁcult Airway Society’s guidelines,21 it
was tailored for use within our ED.
Our objective was to try and standardise airway planning, thus enabling the
resuscitation team to function more efﬁciently and more safely.22 A pre-RSI
checklist (Appendix S3) was also developed using Delphi methodology23
among the EPs at our institution and
then the ED Directors of NSW (unpublished study). The use of checklists in
medicine has been shown to impart improved communication, reduced adverse events, better adherence to
standard operating procedures and reduced morbidity and mortality.24,25
Their use prior to an ED RSI was
called for by the Fourth National Audit Project in the United Kingdom26
and, in a recent simulation-based
study, have been to reduce signiﬁcant
errors or omissions without delaying
intubation.27 Our checklist is used before the initiation of all RSIs, as a ﬁnal
check between the airway doctor and
nurse that all the items on the list have
already been planned for or performed, in a manner similar to that recently described for pre-hospital RSI.28
There is good evidence4,29,30 that
minimising attempts at intubation will
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TABLE 2. Compliance with interventions introduced; type of laryngoscope and adjuncts, pre-intubation checklist and apnoeic
diffusion oxygenation
Pre-intervention %
(95% CI)

Post-intervention %
(95% CI)

Laryngoscope (ﬁrst attempt)
Macintosh

50.8 (45.1–56.5)

7.3 (4.6–10.0)*

C-Mac

48.8 (43.1–54.5)

92.7 (98.9–95.5)*

McCoy

0.3 (0–0.9)

0.0 (0–1)

Use of adjuncts (bougie or stylet)
On ﬁrst attempt

68.4 (63.0–73.8)

93.3 (90.7–96.0)*

Neither used on ﬁrst attempt

31.6 (26.5–37.2)

6.7 (4.3–9.9)*

Adjunct use on all attempts

69.8 (64.8–74.4)

88.3 (85.1–91.5)*

Use of pre-intubation checklist

0.0 (0–1)

92.7 † (88.9–96.5)*

Use of nasal prong apnoeic
diffusion oxygenation

0.0 (0–1)

88.4 (84.7–92.1)*

Intubator experience on
ﬁrst attempt
Number of previous intubation < 10

8.1 (5.0–11.2)

0.0 (0–0.1)*

*P < 0.0001. †Data collection form was modiﬁed to capture this information. CI, conﬁdence interval.

TABLE 3.

Grade of laryngoscopy and success at intubation
Pre-intervention %
(95% CI)

Post-intervention %
(95% CI)

Laryngoscopy
Difﬁcult laryngoscopy on ﬁrst attempt†

17.0 (13.0–21.7)

7.8 (5.0–11.0)*

Success at ﬁrst attempt

83.4 (78.7–87.2)

93.9 (90.9–96.1)*

Success at second attempt

12.9 (9.5–17.2)

Success at intubation
5.3 (3.2–8.1)

Success at third attempt

2.0 (0.9–4.4)

0.6 (0.1–2)

Success at fourth attempt

1.0 (0.4–3.0)

0.3 (0–1.5)

Success at ﬁfth attempt

0.3 (0.1–1.9)

0.0 (0–1)

*P < 0.001. †If a C-Mac video laryngoscope was used, this is taken to be the best of either the direct view or the video screen. CI,
conﬁdence interval.

minimise complications as well as facilitating any rescue intubations in the
face of previous failed attempts using
alternate techniques.31 In our attempts
to maximise ﬁrst pass success, we mandated the use of techniques and adjuncts traditionally used for rescue
attempts or the predicted difﬁcult airway. This was based on the assumption that ED airways are hard to
assess and difﬁcult to be predicted
prior, so it is safer to have the mindset

that the airway will be difﬁcult from
the beginning and prepare accordingly.
Our previous data12 suggested that
a higher ﬁrst pass success rate occurred when a bougie or stylet was
utilised to aid insertion of the endotracheal tube (ETT), and this is in
keeping with previous work.21,32–34
As a consequence of such high bougie use, we changed to using Parker
Flex tip ETTs (Parker Medical, Englewood, CO, USA). These have a

soft bevelled tip that reduces the
space between the bougie and the
ETT, minimising the chance of impingement, commonly known as arytenoid hang-up, as the ETT is
advanced over the bougie.35
The use of a C-Mac video laryngoscope (Karl Storz GmbH & Co.
KG, Tuttlingen, Germany) as the default device for every intubation has
been encouraged as there is good evidence that it not only improves
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TABLE 4. Incidence of complications occurring after all intubations performed
during pre-intervention and post-intervention phases
Pre-intervention %
(95% CI)

Post-intervention %
(95% CI)

None occurred

71.0 (65.4–76.0)

80.6 (76.1–84.4)*

Desaturation – SpO2 < 93%

15.6 (11.8–20.3)

10.9 (7.9–14.7)

4.0 (2.2–7.0)

2.6 (1.4–4.8)

Oesophageal intubation

4.0 (2.2–7.0)

0.3 (0.0–1.6)**

Hypotension

4.0 (2.2–7.0)

2.0 (1.0–4.1)

Cardiac arrest

2.2 (1.0–4.7)

0.6 (0.2–2.1)

Equipment failure

2.2 (1.0–4.7)

2.3 (1.2–4.5)

Bradycardia < 60/min

0.7 (0.2–2.6)

0.3 (0.1–1.6)

Laryngospasm

0.7 (0.1–2.6)

0.0 (0.0–1.1)

Other

0.7 (0.1–2.6)

0.6 (0.2–2.1)

Vomit – no aspiration

0.7 (0.1–2.6)

0.3 (0.1–1.6)

Dental trauma

0.4 (0.0–2.0)

0.0 (0.0–1.1)

Medication error

0.4 (0.0–2.0)

0.0 (0.0–1.1)

Airway trauma

0.0 (0.0–1.4)

0.6 (0.2–2.1)

Vomit with aspiration

0.0 (0.0–1.4)

0.6 (0.2–2.1)

Mainstem bronchial intubation

*P = 0.0415. **P = 0.0008. CI, conﬁdence interval; SpO2, peripheral oxygen
saturation.

glottic view but also improves ﬁrst
pass success rates.36–40 It should be
noted that the C-Mac became available for use 6 months into the ﬁrst
phase of data collection.
We encouraged the use of the advanced concepts of pre-oxygenation
and peri-intubation oxygenation as described by Weingart and Levitan.41,42
In particular, the use of nasal prong
apnoeic diffusion oxygenation has
been strongly emphasised, and evidence is building that this technique is
effective at reducing desaturation associated with intubation.43
The changes were made by engaging in a collaborative fashion our
medical and nursing staff. A suite of
changes was required as the issues
were multifactorial, but the combination of the C-Mac with a bougie or
stylet for most episodes of intubation
may well have made the largest difference in intubation success. However, the study was not designed to
accurately identify which change
was the most beneﬁcial, or for that
matter least. It is impossible to state
whether these changes would have
the same effect if implemented in

another department. All we can say
is that by undertaking an audit into
our intubation practice, we identiﬁed
areas that we could improve in.
Each ED will have its own unique
challenges to overcome and address.
We would encourage each department
to be open to the idea to review how
‘you do business’ and not be afraid to
tackle the issues in an open and collegiate manner. Almost all of the changes
made are within the scope of most
EDs.
The reader may rightly question
the
relatively
high
rate
of
desaturation that this study has demonstrated. However, we would like
to point out that, unlike other observational studies that used 90% as
the cut-off for desaturation,4,44,45
we chose to use 93% as our lower
limit for safe oxygen saturation in order to provide a margin of safety before critical desaturation occurs.46
In other words, we feel that if, during
an RSI, an unwell patient desaturates
to 91%, this should be deemed a
noteworthy near miss for a more critical desaturation, and the practitioner should reﬂect on this and try

and improve future practice. Furthermore, of the 38 (10.9%) patients
who had a hypoxic complication, 20
(5.7%) were hypoxic prior to the
RSI. This emphasises that careful attention to an oxygenation strategy
prior to and during an RSI is vitally
important, particularly in those patients with respiratory compromise.

Limitations
This study was carried out at a single
institution and so the results cannot
be felt to be representative of all EDs
in Australasia. Furthermore, the study
was observational in nature and required that the intubator complete
the form. Reporter bias would tend
to improve glottic visualisation and
under-report complications, as demonstrated by Kerrey et al.5 in a study
involving video review of all cases of
RSI in a paediatric ED. Data entry
was not always contemporaneous,
but in all cases, attempts at improving
accuracy were made by interviewing
the intubator and reviewing the medical records. Despite these efforts, it
was still not possible to completely
capture all the data for every intubation. However, it is unlikely that any
episode of RSI was not recorded, because of regular review of the controlled drugs register.
As there were a number of strategies
employed to address the deﬁciencies
that were identiﬁed by the ﬁrst study,
we cannot identify which change was
the most signiﬁcant.
The Hawthorne effect,47 speciﬁcally a change in a person’s behaviour attributable to their awareness
of being studied, may also have
played a role, especially because a
checklist needed to be followed prior
to intubation.

Conclusion
We have shown that, through a suite of
interventions, we have been able to improve the safety of ED endotracheal intubation, and we would encourage
others not only to review their current
practice but to review how they too
can care better for the sickest patients
in their care.

© 2015 Australasian College for Emergency Medicine and Australasian Society for Emergency Medicine

32

T FOGG ET AL.

Acknowledgements
This project and The Australia and
New Zealand Emergency Department
Airway Registry (ANZEDAR) project
were approved by the Northern Sydney Local Health District Human Research Ethics Committee in 2010 (ID:
1006-218M(QA)) and in 2012 (ID:
1209-318M), respectively. It was also
registered with the Australia and New
Zealand Clinical Trials Registry
(ACTRN12613001052729).
The ANZEDAR project was funded
by the Agency of Clinical Innovation
through the Emergency Care Institute
(ECI) research funding scheme. We
thank Dr Sally McCarthy, Dr John
Mackenzie and Mr Matthew Murray
from the ECI for their support and
contribution throughout the course of
the project.

4.

5.

6.

7.

Author contributions
TF devised and developed the project,
developed the data collection form,
was involved in data collection, instituted the practice improvement
changes and wrote the ﬁrst draft of
the manuscript.
HA was involved in data management and analysis and edited the
manuscript.
JV developed the project, developed
the data collection form, was involved
in data collection, instituted the practice improvement changes and edited
the manuscript.

8.

9.

10.

Competing interests
None declared.

References
1.

2.

3.

Green SM. A is for airway: a pediatric
emergency department challenge.
Ann. Emerg. Med. 2012; 60: 261–3.
Stevenson AGM, Graham CA, Hall
R, Korsah P, McGufﬁe AC. Tracheal
intubation in the emergency department: the Scottish district hospital
perspective. Emerg. Med. J. 2007;
24: 394–7.
Wongyingsinn M, Songarj P,
Assawinvinijkul T. A prospective
observational study of tracheal intubation in an emergency department
in a 2300-bed hospital of a

11.

12.

developing country in a one-year
period. Emerg. Med. J. 2009; 26:
604–8.
Kerslake D, Oglesby AJ, Di Rollo N
et al. Tracheal intubation in an urban emergency department in
Scotland: a prospective, observational study of 3738 intubations.
Resuscitation 2015; 89: 20–4.
Kerrey BT, Rinderknecht AS, Geis
GL, Nigrovic LE, Mittiga MR. Rapid
sequence intubation for pediatric
emergency patients: higher frequency
of failed attempts and adverse effects
found by video review. Ann. Emerg.
Med. 2012; 60: 251–9.
Roth D, Schreiber W, Stratil P, Pichler
K, Havel C, Haugk M. Airway management of adult patients without
trauma in an ED led by internists.
Am. J. Emerg. Med. 2013; 31:
1338–42.
Walls RM, Brown CA, Bair AE, Pallin
DJ, Of the NEAR II investigators.
Emergency airway management: a
multi-center
report
of
8937
emergency department intubations.
J. Emerg. Med. 2010; 41: 347–54.
Hasegawa K, Hagiwara Y, Chiba T
et al. Emergency airway management in Japan: Interim analysis of
a multi-center prospective observational study. Resuscitation 2012;
83: 428–33.
Brown CA, Bair AE, Pallin DJ, Walls
RM, NEAR III Investigators. Techniques, success, and adverse events
of emergency department adult intubations. Ann. Emerg. Med. 2015;
65: 363–370
Goto Y, Watase H, Brown CA III
et al. Emergency airway management
by resident physicians in Japan: an
analysis of multicentre prospective
observational study. Acute Medicine
& Surgery. 2014; 1: 214–21.
Cho YS, Cho J, Chung HS, Korean
Emergency
Airway
Registry
(KEAMR) Investigators. Assessment
of emergency airway management
techniques in Korea using an online
registration system: a multicenter
study. J. Emerg. Med. 2015; 48: 1–9.
Fogg T, Annesley N, Hitos K,
Vassiliadis J. Prospective observational study of the practice of
endotracheal intubation in the emergency department of a tertiary
hospital in Sydney, Australia. Emerg.
Med. Australas. 2012; 24: 617–24.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Jaber S, Jung B, Corne P et al. An intervention to decrease complications
related to endotracheal intubation in
the intensive care unit: a prospective,
multiple-center study. Intensive Care
Med. 2009; 36: 248–55.
Li S, Rehder KJ, Giuliano JS et al.
Development of a quality improvement bundle to reduce tracheal
intubation-associated events in pediatric ICUs. Am. J. Med. Qual. 2014.
Kerrey BT. Improving the safety of
rapid sequence intubation in a pediatric emergency department. 2013 AAP
National Conference and Exhibition.
American Academy of Pediatrics;
2013.
Griesdale DEG, Liu D, McKinney J,
Choi PT. Le vidéolaryngoscope
Glidescope®
comparé
à
la
laryngoscopie
directe
pour
l’intubation
trachéale:
revue
systématique de la littérature et
méta-analyse. Can J Anesth/J Can
Anesth. 2011; 59: 41–52.
Levitan RM, Goldman TS, Bryan
DA, Shofer F, Herlich A. Training
with video imaging improves the initial intubation success rates of
paramedic trainees in an operating
room setting. Ann. Emerg. Med.
2001; 37: 46–50.
Bernhard M, Mohr S, Weigand MA,
Martin E, Walther A. Developing the
skill of endotracheal intubation: implication for emergency medicine.
Acta Anaesthesiol. Scand. 2012; 56:
164–71.
Simpson GD, Ross MJ, McKeown
DW, Ray DC. Tracheal intubation in
the critically ill: a multi-centre national study of practice and
complications. Br. J. Anaesth. 2012;
108: 792–9.
ACEM.org.au. Training program
overview. (Cited Jun 2015.) Available
from URL: https://www.acem.org.au/
Education-Training/Specialist-Training/Training-Program-Overview.aspx
Henderson J, Popat M, Latto I. Difﬁcult Airway Society guidelines for
management of the unanticipated difﬁcult intubation. Anaesthesia. 2004;
59: 675–94.
Sherren PB, Tricklebank S, Glover G.
Development of a standard operating
procedure and checklist for rapid sequence induction in the critically ill.
Scand. J. Trauma Resusc. Emerg.
Med. 2014; 22: 27.

© 2015 Australasian College for Emergency Medicine and Australasian Society for Emergency Medicine

33

ROYAL NORTH SHORE HOSPITAL AIRWAY REGISTRY

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Hsu CC, Sandford BA. The Delphi
technique: making sense of consensus. Pract. Assess., Res. Eval.
2007; 12: 10.
Thomassen
Ø, Storesund
A,
Søfteland E, Brattebø G. The effects
of safety checklists in medicine: a systematic review. Acta Anaesthesiol.
Scand. 2014; 58: 5–18.
Haynes AB, Weiser TG, Berry WR
et al. A surgical safety checklist to reduce morbidity and mortality in a
global population. N. Engl. J. Med.
2009; 360: 491–9.
Cook TM, Woodall N, Harper J,
Benger J, on behalf of the Fourth
National Audit Project. Major complications of airway management in
the UK: results of the Fourth National
Audit Project of the Royal College of
Anaesthetists and the Difﬁcult Airway Society. Part 2: intensive care
and emergency departments. Br. J.
Anaesth. 2011; 106: 632–42.
Babolhavaeji F, Rees I, Maloney D,
Walker J, Knights M. Checklist for
emergency induction of anaesthesia
in critical care. Anaesthesia 2013;
68: 655–61.
Mommers L, Keogh S. SPEEDBOMB:
a simple and rapid checklist for
Prehospital Rapid Sequence Induction. Emerg. Med. Australas. 2015;
27: 165–8.
Mort TC. Emergency tracheal intubation: complications associated with
repeated laryngoscopic attempts.
Anesth. Analg. 2004; 99: 607–13.
Sakles JC, Chiu S, Mosier J, Walker
C, Stolz U. The importance of ﬁrst
pass success when performing orotracheal intubation in the emergency
department. Reardon RF, editor.
Acad. Emerg. Med. 2013; 20: 71–8.
Goto T, Gibo K, Hagiwara Y et al.
Multiple failed intubation attempts
are associated with decreased success
rates on the ﬁrst rescue intubation in
the emergency department: a retrospective analysis of multicentre
observational data. Scand. J. Trauma
Resusc. Emerg. Med. 2015; 23: 5.
Messa MJ, Kupas DF, Dunham DL.
Comparison of bougie-assisted intubation with traditional endotracheal
intubation in a simulated difﬁcult

33.

34.

35.

36.

37.

38.

39.

40.

41.

airway. Prehosp. Emerg. Care 2011;
15: 30–3.
Rai MR. The humble bougie…forty
years and still counting? Anaesthesia
2014; 69: 199–203.
Apfelbaum JL, Hagberg CA, Caplan
RA et al. Practice guidelines for management of the difﬁcult airway: an
updated report by the American Society of Anesthesiologists Task Force
on Management of the Difﬁcult Airway. Anesthesiology. 2013: 251–70.
Baker
PA,
Fernandez
TMA,
Hamaekers AE, Thompson JMD.
Parker Flex-Tip or standard tracheal
tube for percutaneous emergency airway access? Acta Anaesthesiol.
Scand. 2012; 57: 165–70.
Sakles JC, Mosier J, Chiu S,
Cosentino M, Kalin L. A comparison
of the C-MAC video laryngoscope to
the Macintosh direct laryngoscope
for intubation in the emergency department. Ann. Emerg. Med. 2012;
60: 739–48.
Aziz MF, Dillman D, Fu R,
Brambrink AM. Comparative effectiveness of the C-MAC video
laryngoscope versus direct laryngoscopy in the setting of the predicted
difﬁcult airway. Anesthesiology
2012; 116: 629–36.
Noppens RR, Geimer S, Eisel N,
David M, Piepho T. Endotracheal
intubation using the C-MAC® video
laryngoscope or the Macintosh laryngoscope: a prospective, comparative
study in the ICU. Crit. Care 2012;
16: R103.
Sakles JC, Mosier JM, Patanwala
AE, Dicken JM, Kalin L, Javedani
PP. The C-Mac video laryngoscope
is superior to the direct laryngoscope for the rescue of failed ﬁrstattempt intubations in the emergency
department. J Emerg Med. Elsevier
Ltd., 2015; 48: 280–6.
Vassiliadis J, Tzannes A, Hitos K,
Brimble J, Fogg T. Comparison of
the C-MAC video laryngoscope
with direct Macintosh laryngoscopy
in the emergency department.
Emerg. Med. Australas. 2015; 27:
119–25.
Weingart SD, Levitan RM. Preoxygenation and prevention of

42.

43.

44.

45.

46.

47.

desaturation during emergency airway management. Ann. Emerg.
Med. 2012; 59: 165–75.e1.
Weingart SD. Preoxygenation, reoxygenation, and delayed sequence
intubation in the emergency department. J. Emerg. Med. 2011; 40:
661–7.
Wimalasena Y, Burns B, Reid C, Ware
S, Habig K. Apneic oxygenation
was associated with decreased
desaturation rates during rapid sequence intubation by an Australian
helicopter emergency medicine service. Ann. Emerg. Med. 2015; 65:
371–6.
Hasegawa
K,
Shigemitsu
K,
Hagiwara Y et al. Association between repeated intubation attempts
and adverse events in emergency
departments: an analysis of a multicenter prospective observational
study. Ann. Emerg. Med. 2012; 60:
749–754.e2.
Reid C, Chan L, Tweeddale M. The
who, where, and what of rapid
sequence intubation: prospective observational study of emergency RSI
outside the operating theatre. Emerg.
Med. J. 2004; 21: 296–301.
Weingart SD, Trueger NS, Wong N,
Scoﬁ J, Singh N, Rudolph SS.
Delayed sequence intubation: a prospective observational study. Ann.
Emerg. Med. 2015; 65: 349–55
Sedgwick P. The Hawthorne effect.
BMJ 2012; 344: d8262–2.

Supporting information
Additional supporting information may
be found in the online version of this
article at the publisher’s web site:
Appendix S1. Australia and New
Zealand Emergency Department Airway
Registry data sheet.
Appendix S2. Royal North Shore
Hospital Emergency Department airway algorithm.
Appendix S3. Out of theatre preintubation checklist.

© 2015 Australasian College for Emergency Medicine and Australasian Society for Emergency Medicine

