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What isalready known about the topic: Emergency airway managemesa low
frequencgy, high risk procedure. Multiple individual strategies have been prdposed
improveits safety, thougtit is unclearf their usan combinations feasible and

effective.
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What this study adds: The overall safety of emergency airway manageroamnbe

improved throgh quality improvement measures.

SUMMARY (ABSTRACT):

Background: Emergency airway managemeéntommonly associated witHet
threatening hypoxia and hypotension which may be preventable.

Aim: To.reduce the frequency of intubation-related hypoxia and hypotension.

Methods: A prospective quality improvement study conducted over 4 yedhng

Emergency Department of The Royal Childsedospital, Melbourne, Australia. A

pre-intervention cohort highlighted safety gaps and wastosgesign study
interventions, includinganemergency airway algorithm, standardized airway
equipmentya pre-intubation checklist and equipment template, end-tidal carbon
dioxide monitoring, post-intubation team debriefing, and multi-disciplinary team
training.skellewing implementation, a post-intervention cohort was tesewbnitor

the impact of study interventions on clinical process and patient outcome. Process
measures‘'were: use of a pre-intubation checkksbalization oinairway plan,
adequate resuscitation pririntubation, induction agent dose titration, use of apneic
oxygenation;'and use of end-tidal carbon dioxaleonfirm endotracheal tube

position. The. primary outcome measure was first pass success rate without hypoxia or
hypotension. Potential harms from study interventions were monitored.

Results: Forty-six intubations were included over one calendar yetre post-
intervention cohort (compared 71in the pre-intervention cohort). Overall clinical

uptake of the 6 processes measures wéis Bist pass success rate without hypoxia
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or hypotension was 78% the post-intervention conocomparedo 49%in the pre-
intervention cohort (absolute risk reduction: 29.0%; 95% confidence interval 12.3-
45.6%, number needéd treat: 3.5)No significant harms from study interventions
wereridentified.

Conclusion: Quality improvement initiatives targeting emergency airway
management maye successfully implementeish the Emergency Department, and are

associated ,with a reductiam adverse intubation-related events.

Keywords: Child; Pediatric; Emergency Service, Hospital; Intubation, Intra-tracheal,

Patient Safety; Quality Assurance, Health Care; Task Performance and Analysis
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INTRODUCTION

Emergency airway management outside of the operating roomig@Rjgh-risk
procedurelt.is frequently associated with adverse events, and those adverse events
are moreslikelyto resultin permanent disabilitgr death than those which ocaarthe

OR (1): Hypaxia and hypotensian particular have been reportedupto 1/3 of

patients (2), are associated with poor neurological outcome, and are the strongest
predictors-of-airway-related death (1, 3-6). More than 1 intubation atte gt
strongest predictor of hypoxia during the peri-intubation periodA&¥uch, first pass
success,without hypoxia or hypotension should be the aim of all emergency airway

management.

Initiativesto reduce the adverse event rate during @6hemergency airway

management have been implementedmergency departments (EDs) and intensive
care units«(ICUs) with some success (8). Reduced rates of desaturation and improved
first pass success rates have been observed following the implementation of several
systems changes, including: airway algorithms, checklist use, pre-procedural
physiological resuscitation, standardized team and equipment preparation, planning
for unsuecessful attempts, use of apnoeic oxygenation, restricting airway preeiders
senior medical staff do those having undergone specific airway training, use of end-
tidal carbon dioxide (EtC£) monitoringto confirm correct endotracheal tube (ETT)

placement, and post-event debriefing (Table 1) (9-13). Potential harms from airway

This article is protected by copyright. All rights reserved



interventions have not been monitorBid. studies have examined the impact of
airway interventions on the incidence of hypotension during the peri-intubation
period, and none have reported the impact on first pass success Wjbaxia or

hypotension:

The'aim of this study wase use quality improvement (QI) methodologyimprove
the combined ratef first pass success without hypoxia or hypotension during

intubationin‘the pediatric emergency department.

METHODS

Designi#The"Model for Improvement framework was used for study design (14);
identifying process, outcome, and balancing measures rekemaon-OR emergency
airway management (Table 2) (15). Definitions for: intubation attempt, desaturation,
gastric'distension, hypotension, aspiration, cardiac arrest, external laryngeal
manipulation: (ELM), difficult intubation, difficult laryngoscopy, and apneic

oxygenation weraspreviously described (2).

Setting: The RoyalChildren’s Hospital (RCH), Melbourne, Australia a 340 bed
guaternary level pediatric (children 0-18 yeafsge) hospital witlanannualED
census of >90 000. The study was conducted over a 4hyegperiod; the pre-
intervention cohort was identifiad theED prospectively over the calendar year
2013, interventions were developed and implemented hospital-widéhever
following 2 years, and a posttervention cohort was identified theED

prospectively over the calendar year 2016.
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Defining the problem: Emergency airway management was identiéisd high-risk
procedure through evaluation of the pre-intervention cohort (2). Balancing measures
were usedo monitor for potential harms from study interventions, including: gastric

distention;poor face mask seal, and aspiration of gastric contents.

Analysis: ' Data were entered into Microsoft Excel 2010 (Microsoft, Redmond, WA,
USA). Descriptive statistiomere performed on demographic data. The differance

first passtsuccess without hypoxia or hypotension between pre and post-intervention
cohorts\was/.compared using absolute risk reductiGtR)fand number needed

treat (NNT) and reported with 95% confidence intervals (Cl). Statistical analysis was
performedusing STATA 14 (StataCorp. 2015. Stata Statistical Software: Release 14.

College Station, TX: StataCorp LP).

RESULETS

Forty=six.intubations were performadthe post-intervention cohort, aiid pre-
intervention. Data was captured for all intubations. The median age of the post-
intervention.cohort was 3 years (IQR 16 months-9 yeatth 9/46 (20%) <lyeaof
age.In thespre-intervention cohort, the median age was 3 years (IQR 10months-11
years), with 18/71 (25%) <lyeaf age (2). Diagnosticaiegories comparing pre- and

post-intervention cohorts are presentedable 3.

Processimeasur es. Overall adherenc® the 6 process measures was 86%he post-
intervention eohort (Figure 1). Three instances of checklist non-use were identified.
These occurred due team leader unfamiliaritgn 2 occasions, and perceivihe

critical natureof intubationin 1 patient. One intubation occurred without a clear
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airway plan being verlhized dueto the presencef multiple senior medical staff and
lack of clear team leadership. Post-intubation debrief identified one patient who was
unableto be adequately resuscitated ptiointubation, and one patient who had
inadequate-dose titration of induction agent. @amnt was intubated without apneic
oxygenation dugo airway practitioner unfamiliarity. EtCQvas usedo confrmETT

positionin-all'patients over the study period.

Outcome'measur es. The primary outcomef the combined incidence of first pass
success.without hypoxia or hypotensiorthe post-intervention cohort was 78%
comparedo 49%in the pre-intervention cohort @R 29.0%; 95%CI1 12.3-45.6%,

NNT 35)(Figure 2).

The first,pass success ratethe post-intervention cohort was 36/46 (78%) compared
with 55/71 (78%)n the pre-intervention cohoiin the post-intervention cohortyo
intubation.attempts were requiremsuccessfully intubate the trachiea’/46 (15%)
patientsand 3 intubation attempis 3/46 (7%), compareth 11/71 (15%) and 5/71
(7%), respectivelyin the pre-intervention cohort. Changeshe processf
intubationsbetween unsuccessful and successful attempts were: suaiooial
secretions or bloooh 6 patients, changae operatolin 5 patients, use of a bougre3
patients, and the use of ELiM 2 patients. Laryngoscope type (direct vs indjrect
style (curved vs straight), and size did not change between attempts, and patient

positionschanges were not reported between attempts.

Difficult laryngoscopy occurreth 2 patientsn the post-intervention cohort.

Laryngoscopic view was improved using ELM on both occasions. Two patiethis
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post-intervention cohort were intubated using the GlideStuigkeo laryngoscope on

the first attempt, and no C&L airway grade could be assigned.

Fourefforty=six patients (8%in the post-intervention cohort had hypoxic adverse
events . compareid tenof seventy-one (14%i the pre-intervention cohort. All

hypoxic adverse evenis the post-intervention cohort occurnedpatients requiring

>1 intubation attempt. Two patients had initial first pass success without hypoxia,
with subsequent accidental extubatamthe ETT was being secured. One patient was
extubated dueo progressive post-intubation hypoxaed anequivocal EtCQtrace,

but was retraspectively thougtat have had right main-stem bronchatibation with
pulse oximeter delay. The last hypoxic adverse event occurred following successful
passage of an oversized bougiéhvgubsequent inabilitio load the correctly sized

ETT.

No patientin.the post-intervention group had a hypotensive adverse event over the

study period, compardd 15/71 (21%])n the pre-intervention cohort.

The frequencyf methods usetb avoid hypoxia and hypotension between pre and

post-intervention cohorts are listedTable 4.

Balancing measures: The following potential harms from study interventions were
identifiedin the post-intervention cohort: 1 patient developed gastric distension
requiring decompression, 1 patient had nasal cannulae removed during the apneic
period dudo poor face mask seal despite the use of 2-person technique, and 1 patient

had nasal cannulae removed during the apneic perioth@yestaxis. There were no

This article is protected by copyright. All rights reserved



episodes of aspiratioone of these events were associated with hypoxia or

hypotension.

DI SCUSSION
We demonstratednimprovementn the combined outocome of first pass success
without'hypoxia or hypotension following the implementatioQbinitiatives.No

significant harms from study interventions were identified.

We observed no change first pass success rate between pre and post-intervention
cohorts. Study interventions were based on the finding that anatomically difficult
airways'were uncomman the pre-intervention cohort, and that laryngoscopic view
could be improved with changasposition, equipment, technique, or operator (2).
Therefore, the focus of 0@l interventions were not only on improving the technical
skill of'the airway operator, but included stratedeaddress the physiologically and
situationally-difficult airway (16). Airway skills were taught on task trainers during
multidisciplinary team training aneinforced duringOR training (16); despite this
training,.eempetencyt intubation through study interventions could not be assured.
This mayshave contributetd the lack of improvemenn first pass success rate
observed between cohorts. Figakirway interventions emphasized maintaining
oxygenation during the peri-intubation period. This may have resuleatly
discontinuation of intubation attemptsan effort to avoid desaturation, resultimg a
lower first pass success rate than had the airway operator persevered with the

intubation attempt.
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We observed a reductian the frequency of hypoxiasanadverse event between pre
and post- intervention cohorts. Interventions airme@ducing the frequenayf

hypoxic adverse eveniscluded: patient positioning 20 degrees head up, pre-
oxygenation‘using positive end-expiratory pressure (PEEP), apneic oxygenation
using positive airway pressure / PEEP via face mask / t-piece, and nasal cannula
oxygenation during laryngoscopy (17-20). The frequency obtiapneic

oxygenation was highen the post-intervention cohort, which may have improved
peri-intubation oxygenation. Additionally, hypoxic adverse events did not result from
failure of pre-or apneic oxygenation, but occurred da®ther technical factors.

Two patients\with hypoxic adverse events were initially intubated successfully
withoutshypoxia, with subsequent accidental extubaasthe ETT was being

secured. Anather had incorrect equipment size contrtbutansient hypoxia (du®

the use.of abougie that was too largéadanappropriately-sized ETT), and the last
had transient hypoxia not preventagthe use of a saturation stop poink88% due

to pulse.oximeter delay.

We observed a significant reductionthe incidence of hypotension between pre- and
post-intervention cohorts. Interventions ainadeducingthe frequency of

hypotension were comporsrof the pre-intubation checklist, and included: pre-
loading patientsit risk of hypotension with fluid bolus therapy, startanginotrope or
vasopressor infusion for persisting circulatory failure despite fluid bolus therapy,
having.a‘rescue” doseof inotrope drawn up prido induction of anesthesia, and
titrating the dose of induction agentthe patients physiology (21-24). Induction
agent choice and dose were kfthe discretion of the treating team. More patients

were pretreated with fluid bolus therapy, were administered ketawusag induction
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agent, and had dose titration of induction agretiie post-intervention cohort
comparedo the pre-intervention cohort, which may have contribttettie observed

reductionin peri-intubatiorhypotension.

LIMITATIONS

This was a pragmatic study testing the effectiveness of multiple intervemtibrsad
routine climical practice. The contribution of individual elements of our study
interventions were difficulto assess because they were implemented together
bundle. Thisimethodology was necessas#ll of the study interventions weoe-
dependent=Though pre and post- intervention cohorts were both identified over one
calendar year and had similar known characteristics, there may have been unknown
characteristics that differed between groups and contritbotgtddy findingsWe
observedn unexplained reductioim total number of departmental intubations over
the study-periodt is possible that increased uskenon-invasive respiratory support

in the form of heated, humidified high-flow nasal cannula oxygen therapy for
respiratory.failure over the study period may have contribiotéite reductionn total
numberofED intubations (25), and a concurrent anti-epileptic medication trial may
have reduced the intubation rate for convulsitatus epilepticusNe observed no
changan the frequency of transfer of patietdsthe OR for urgentintubation over the
study period/(26). Twof the process measures recorded (adequacy of resuscitation
and appropriate dose titration of induction agent) were pmaetcome / hindsight

bias. Lastlyjtiis possible that chang@s patient management other than the study

interventions occurred between cohorts and contriktotdte study results.
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CONCLUSION

Quality improvement initiatives targeting emergency airway management using the

NAP4 framework are associated wihimprovementn first pass success without

hypoxia-er-hypotensiom the pediatric ED.
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FigurHerence to quality improvement process measures in the post-

interveQiudy group

Figure2."Adverse intubation-related outcomes in pre and post-intervention study
cohort
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Table'l.“"Summaryof quality improvement initiatives targeting emergency airway
management

Patient Quality improvement
Study group Setting interventions Main findings
Kerrey Pediatric ED checklist, pilot-copilot model,  16%desaturation rates 33%
2015 video laryngoscopy only, in historic controls
.................................................................... restricted airway providers
Jaber Adult ICU Pre-oxygenation using positive 21% composite life-
2010 airway pressure, 2 operators, threatening adverse events

rapid sequence intubation, use 34%in historic controls
cricoid force, end-tidal carbon
dioxide monitoring

Fogg Mixed ED training, algorithm, checklist,  11%desaturationvs 15%in
2016 restricted providers, combined historic controls
direct/video laryngoscope, 93%first pass success
................................................................................ bougie, apneic oxygenation  83%in historic controls
Mayo Adult ICU checklist, combined team 14%desaturationyo
2011 approab, CRM tactics, post- comparison group
event debrief 6% hypotensionno

comparison group
62%first pass successp
....................................................................................................................... comparison group
Mosier Adult ICU simulation based training First pass succe82%vs
2015 curriculum (recognitiorof 74%in historic controls
difficult airway, pre-procedural Desaturatiorl7%vs 23%in
resuscitation, team / equipment historic controls
preparation, planning for failure
useof a difficult airway
algorithm)
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Table 24Quality improvement measures undertat@mprove the safety of
emergency airway management.

Study interventions

Process measures

Outcome measures

Balancing measur es

Airway algorithm
Standardied
equipment
Checklist
Template
End-tidal carbon
dioxide monitor
Team training
Post-event debrief

This article is protected by copyright. All rights reserved

Checklist use
Airway plan
Physiologic
resuscitation
Dose titratiorof
induction agent
Useof apneic
oxygenation
End-tidal carbon
dioxide use

First pass success

without hypoxiaor
hypotension

Gastric distension
Poor face mask seal
Aspirationof gastric
contents



Table 3" Diagnostic categoriesf patients requiring emergency airway management

Historic control Intervention group
Diagnostic category n (%) n (%)
Medical Seizure 22(31) 14 (30)
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Table 4. Frequency of use of measutesivoid hypoxia and hypotension during the
peri-intubation periodh the intervention group compared with a historic cohort.

Intervention Historic Cohort Intervention Group
(n=71); n (%) (n=46); n (%)
M easuresto Pre-oxygenation 67 (94) 35(76)
avoid hypoxia with positive airway
pressure
Apneic oxygenation 38 (54) 46 (100)
M easuresto Fluid bolus 31(44) 37 (80)
avoid
hypotenson antrope/ ........................... 3(4) ...................................... 6(13) .........................................
vasopressor infusior
"'i’h&ﬁ'c"ﬁ'c’iﬁ"é@é’r’i{ ............. ké't'é[ﬁi‘i"r{é':'é'é"('é'luj ........... ké'té'r'ﬁi"ﬁé':'éé"('?mzuj ................
(dose: mg/kg; Dose: 2.0 (1.8-2.0) Dose: 1.5 (1.0-2.0)
median, IQR) Propofol:13(18) Propofol: 3 (7)
Dose: 2.0 (1.2-2.4) Dose: 2 (1.0-5.0)
Thiopentone1l Thiopentone: 3 (7)
(16)

Dose: 3.0 (2.0-3.0) Dose: 2.5 (1.5-5.0)
Fentanyl: 8 (11) Fentanyl: 0 (0)

Dose*: 2.0 (1.5-3.1) Dose*: n/a
Combination:10 Combination: 2 (4)

(14)

Inhalational: 0 86) Inhalational: 2 (4)

No induction agent: No induction agent: 3 (7

*Fentanyl doses in mcg/kg
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Adherence to process measures
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Comparison of outcomes betweean pre and post-study
intervention cohorts
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