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Abstract

Background Emergency Department (ED) airway registries are formalized methods to collect and document airway
practices and outcomes. Airway registries have become increasingly common in EDs globally; yet there is no consen-
sus of airway registry methodology or intended utility. This review builds on previous literature and aims to provide a
thorough description of international ED airway registries and discuss how airway registry data is utilized.

Methods A search of Medline, Embase, Scopus, Cochrane Libraries, Web of Science, and Google Scholar was per-
formed with no date limitations applied. English language full-text publications and grey literature from centres
implementing an ongoing airway registry to monitor intubations performed in mainly adult patients in an ED setting
were included. Non-English publications and publications describing airway registries to monitor intubation practices
in predominantly paediatric patients or settings outside of the ED were excluded. Study screening for eligibility was
performed by two team members individually, with any disagreements resolved by a third team member. Data was
charted using a standardized data charting tool created for this review.

Results Our review identified 124 eligible studies from 22 airway registries with a global distribution. We found that
airway registry data is used for quality assurance, quality improvement, and clinical research regarding intubation
practices and contextual factors. This review also demonstrates that there is a great deal of heterogeneity in defini-
tions of first-pass success and adverse events in the peri-intubation period.

Conclusions Airway registries are used as a crucial tool to monitor and improve intubation performance and patient
care. ED airway registries inform and document the efficacy of quality improvement initiatives to improve intubation
performance in EDs globally. Standardized definitions of first-pass success and peri-intubation adverse events, such
as hypotension and hypoxia, may allow for airway management performance to be compared on a more equivalent
basis and allow for the development of more reliable international benchmarks for first-pass success and rates of
adverse events in the future.

Keywords Airway registry, Endotracheal intubation, Emergency department, Emergency medicine, Airway
management
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Introduction

Emergent endotracheal intubation is a core skill for
Emergency Medicine (EM) physicians, is performed fre-
quently in Emergency Departments (EDs) globally, and is
a complex and challenging task in the care of critically ill
patients [1]. Complications include failed first attempts,
the need to perform a surgical airway, and other life-
threatening adverse events such as hypotension, hypox-
emia, aspiration, dysrhythmias, and cardiac arrest [2-7].
Many EDs have implemented airway registries to cap-
ture endotracheal intubation practices and monitor the
frequency of adverse events, with the goal of optimizing
patient outcomes [1, 2, 8]. Airway registries have been
implemented in many regions including Australia and
New Zealand [9-11], North America [12-18], Europe
[19, 20], Asia [21-24], and Africa [25].

Airway registries offer significant potential utility
as sources of data for quality assurance (QA), quality
improvement (QI), and clinical research [2, 23, 25-27].
Despite the growing body of research involving airway
registries, there is no consensus of their methodology,
how airway registry data is utilized, or their definitions
of key performance indicators of intubation. One review
exploring this topic identified this problem but did not
assess the full scope of airway registries as critical grey
literature sources were not included [28].

We performed a scoping review to answer three impor-
tant questions regarding airway registries. The primary
objective is to describe the current scope and prevalence
of ED airway registries globally. Secondary objectives
include describing utilization of airway registry data and
determining how various airway registries define adverse
events and key performance indicators during the peri-
intubation period.

Methods
A scoping review was completed using the Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
sis Extension for Scoping Reviews (PRISMA-ScR) frame-
work [29].

Eligibility criteria

We included all published studies (full-text publications,
conference abstracts, conference posters) which reported
the implementation of an airway registry to monitor
intubation practices among adult patients within an ED.
We defined an airway registry as a formal process imple-
mented within the ED to monitor intubation practices
by recording information pertinent to intubation and
adverse events independent from a finite intervention or
research hypothesis. Non-English publications, studies
that reported greater than 50% of their intubations were
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performed in paediatric patients, studies that did not uti-
lize an airway registry for data collection, or those that
included intubations performed primarily outside of the
ED (intensive care unit [ICU], operating theatre, pre-
hospital, in-patient wards) were excluded. No date limita-
tions were applied.

Information sources and search

A search conducted in Ovid Medline (1946-2021),
Embase (1947-2021), Scopus (2021), Cochrane Librar-
ies (2021), Web of Science (2021), and Google Scholar
(2021) was initially completed on November 3, 2021. A
systematic search strategy was developed and translated
into each of the databases’ syntax. The full search strategy
for all databases is shown in Additional file 1. The intent
of this search was to identify all peer-reviewed and grey
literature pertaining to ED airway registries. The search
of all databases followed by study screening was repeated
on July 26, 2022, with a date limitation applied (Novem-
ber 3, 2021-July 26, 2022).

Study selection

Studies identified were imported to Covidence, an online
platform for screening and organizing data for literature
reviews, and automatically de-duplicated. Any subsequent
duplicates noted were manually excluded by authors col-
laboratively throughout the review process. An initial
review of abstracts was completed using the aforemen-
tioned eligibility criteria. Full texts (if available) were
reviewed for eligibility by two reviewers, independently.
Discrepancies were resolved by a third team member.

Data charting

Data was charted by two independent reviewers (SM
and HJ) using a standardized data charting form cre-
ated in Microsoft Excel (2018) [30] specifically for this
review. The data charting form was piloted for usability
by two reviewers for 5 studies each prior to data chart-
ing. Charted study information was informed by the Ark-
sey and O’Malley Framework for Scoping Reviews [31].
Additional Files 2 through 5 depict the totality of all data
charted for each included publication.

Synthesis of results

The total number of patients for each registry was
reported as the largest number of patients available in
identified publications within each registry. Years active
was determined based on time periods of data collec-
tion for all included studies in each registry. To be as
representative of current trends as possible, data was
reported from the most recent, full-text publication
(if available), within each registry. If the most recent
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publication was missing any of this information, it was
reported from the next most recent publication, and so
on.

To examine the utilization of airway registry data,
studies were grouped into research or QA/QI. For the
purposes of this review, QA was defined as studies that
measure compliance against certain required standards
[32]. QI was defined as studies implementing a proac-
tive approach to improve specific processes or systems
[33]. Utilization of airway registry data from all publi-
cations was synthesized.

Results

The combined searches yielded 2349 results, includ-
ing 1084 duplicates. Following title/abstract and full-
text screening, 124 studies were included in our review
consisting of 29 conference abstracts, one conference
poster, and 94 full-text, peer-reviewed publications, as
illustrated in Fig. 1. Included studies were published
between the years of 1999 and 2022.
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Characteristics of identified airway registries

A summary of characteristics of identified airway regis-
tries is provided in Table 1. A complete list of the char-
acteristics for each included publication can be found
in Additional File 2. A total of 22 airway registries were
identified globally with seven registries in North Amer-
ica, seven registries in Asia, four registries in Australia
and New Zealand, three registries in Europe, and one reg-
istry in Africa. Of the registries identified, nine of 22 have
only a single full-text publication, conference abstract, or
poster available. Nine of 22 registries provide data from
multiple centres ranging from three centres in the Brit-
ish Columbia Airway Registry for Emergencies (BCARE)
to 43 centres reported in the Australian and New Zea-
land Emergency Department Airway Registry (ANZE-
DAR) [1, 34]. The largest and longest running dataset is
the National Emergency Airway Registry (NEAR) which
exists as three iterations reporting on intubation prac-
tices across four countries (USA, Canada, Singapore, and
Australia) from 1996 to 2018. NEAR includes a total of
29, 296 ED intubations between NEARI, NEARII, and

Duplicates removed

A 4

(n = 1084)

Records irrelevant

A\ 4

(n = 1062)

Records excluded (n = 79):
Duplicate (n = 47)
No airway registry used (n = 17)

)
c
]
§ Studies imported for
= screening
T (n=2349)
)
)
\ 4
Records screened
(n = 1265)
o
£
c
) \ 4
5
n Records assessed for eligibility
(n =203)
—
\ 4
°
@
g Studies included in review
2 (n=124)
—

Fig. 1 PRISMA Flow diagram for study inclusion
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Non-English publications (n = 6)
Wrong intervention (n = 1)
Wrong patient population (n = 1)




Page 4 of 17

(2023) 31:11

Meulendyks et al. Scand J Trauma Resusc Emerg Med

(1xa1

Ansibay Kemuly
Kousbiawg |erdsoH

1207 “|e 19 Buapn sabe ||y AuoQgi  910z-000T -|INg € 10RAISOR 7) § 056¢C | alodebulg |eJauaD) as0debuig

wieiboud Aemury

8107 Aousbiawlg anuad)

“|e 13 “jied ‘BuemH 19p|0 10 sIeaf g| Auo@3l  /10Z-200T (XN} ) ¥ /801 | 23103 YINOS |N03S |ed1pay bunsuies

¢T0T "2 19 _URWIN 19pjo 10 sieak 9| Aluo a3 0¢0C (xo1-Iny 1) L 8Ll Ll puesi| VVHIN

(1xo1-(Iny
70T "|e 12 BJIoYIN plosieak /| < Aluo a3 810¢-¢00¢ vz 1ensqe ¢1) 9¢ L2061 S¢ VSN dvaN
(1x21 ajod

L 10T “[e 19 S|[ep sabe ||y Auoa3  zooz-z661 -[INJ ¥ 10ensqe ¢) 9 1£68 le  -ebuls ‘epeued 'ysn [INEIN
(81-0

€007 e 12 utebes  pabe 96¢ 1) sabe |y Auods /661 -9661 (1x91-|Iny) L 88¢Cl Ll vsn [dVAN

puejeaz K116y Aemdly

#10¢ "“|e 19 pieulesg paviodal JoN Ajuo a3 10T (u2ns0d) | felord | M3N ‘pueppdny  [edsoH JoWS|PPIN

A11s16ay Aemdly

[eudsoH Ausiaalun

LZ0T “[e 39 ysyxeg sobe ||y Auo@3d 070z -8107 (xo1-[|ny)L orl |l Elgely Ipnes ‘yeppsr zizeinpqy Bury

(1denSqe

/10T "[e 12 Wy sobe ||y Auo @3 z10z—900¢ L XN} 9) £ 8/601 0¢ €310} YInos JINVIN
(£1-0

£10T "e13 0109 pabe 9¢) sabe ||y Auo@gi 9loz—ol0c¢ (xaX-INy £) £ L7601 vl ueder 1+ INVAr
(s1eak €| > pabe

/10T "[e12 9_H 9% 0) sabe ||y Auo a3 L 10C -6661 (X@-(INy £) £ 886¢ VA 3N 'Ybinquip3 didd

LZ0T “[e 19 Zopus|y 19p|0 10 sIeah g| Aluo a3 0¢0¢ (xa1-Iny) L v/ L VSN ‘oluoiuy ues NV3dd

aseqeieg

(s10eA50R 1uswaAodwi| A1l

610C "[e 19 S9pjes 19p|0 10 sieah g| Auo@a3  8107z—,00¢ G Iy 8L) €T 6CCS l VSN 'uoson|. -|enQ snonunuo)

Alsibay

(%0¢) |exd (1densge Kemuly Aousbiawig

910 "[e 12 UeaYyd sebe iy -soyaid pue (9%0/) A3 0L0Z—S00T L >Ny €) ¥ 196 L VSN ‘puePAs|D SUlD pueRAS|D

A11s16ay Aemly e

-IdsoH |elauan) owns

120 “[e 19 onsing (%¢°8) sabe ||y Auo@3l  6107-810¢ (xa1-(Iny) L LeC L elssuopu| ‘ellexer -nyunbuepy 0idi

Ansibay

LZ0Z "[e 13 eAeloes 19p|0 10 s1eak gL Auo@3  8L0T /10T (1x2-Iny) | 9T L puejiey yoybueg  Aemiry uioybuolenyd

(%E91) prem
810T “[e 19 00A 19plo 10 siedh 1 (%0€) NDI'(%L'€5) AT 6107 -£10T (s12ensqe ¢) ¢ yAYA € epeue) 34vD4d
(S1-0 pabe (1ensqe pue|eaz
/10T "[e 12 UNOWy|yY %8'Y) sauslied ||y Auo@3l  6107-010C L X31-|nJ /) 8 €905 (9% MIN ‘ellesisny dvVAIZNY
papnpuj % salua)
wxuonedijqng (pepnppul syusned suoneqniu| suonedljqngd poayiodai syusned Bunedpnied uonedo Ansibay
aAnejuasasday 1soN sjeipaed o) aby JO UONEIOT DANDY SIS\ jolaquinN  jo Jdquinu jelol JosaquinN s1ydesboan Aemiry jo saweN

salsIbal Aemule Jo sdnsLaIORIRYD) | d]qeL



Page 5 of 17

(2023) 31:11

Meulendyks et al. Scand J Trauma Resusc Emerg Med

Ans1621 913u3d 9|6ULS  PRISPISUOD S1 11 INQ ‘213U PUOIS B WOJJ PIINGLIUOD BIRp PapN|dUl K163 SIYY Ulyum Apnis suQ |

Ansiba1 yoea ulyum (3|qejiene 1) uonedljgnd S13USdINW ‘IX3)-||Ny JUS31 ISOW

AnsiBai yoea ul 3|qe|ieae syuaned Jo Jsquinu 3sabie |

upny Aemiry uoneldsnsay Aousbiawg [euonen
ViyIN ‘Asibay Aemuy Aousbiawg [euoneN yyIN ‘A11sibay Juswabeuey Aemiry Aousbiawg uealoy Y3y ‘z pue | A11si6ay yiomisN Aemary Aousbiawg assueder Ny3r ‘A1isibay uonegniu| Juswiedsg Adusbiswy yigg

quawabeue|y Aemiry £ousbiswd Joy A13s169Y asusseq WYY@ ‘se1dusbiawd Joy A11s16ay Aemiry eiquin|od ysinug 3yyDg ‘Asibay Aemuly Juswiiedaq A>uabiawg puejesz MaN pue ueljensny ayl YYaizNy

(s1eh /| >2be

(1xa1

Ansibay Aemury
AKouabiawz aloys

910¢ “[e 32 6604 %) sdbe |Iy Auoai  ¥L0z-0L07 -[INj ¢ 12easqe |) € 109 e eljelisny ‘AoUpAS UHON [eAoy oy

Lcoe Aisibay

“|e 39 3bplgIo0ID sabe ||y Auo@l  0zoz-£10T (xa-ny ) ¢ €82 |l eleasny ‘suinogeiy Aemuly payly ayL

Ansibay

Aemury Ateuwdlyu|

610¢ |2 19 deaj sabe ||y Auoai  /10¢-SL0C (1oensqe) | 61 L N ‘Usspiaqy  [eAoy UISpPIAqY By L

Ansibay

020T edly 1uswuedag Aousb

"U191Sp|0D) pue 1eH 19p|0 10 SIeRA 8| Ajuo 03 910 -510¢ (Ix21-|Ny) L /€ | Yinos ‘bingssuueyor -1aWi3 uedLyy Yyinos
papnjuj % saJua)

wxuonedijqngd (papnppul syusned suoneqniu| suonedljqnd poayiodai syusned Bunedpnied uonedo Ansibay

aAnejuasaiday 1sop Jjeipaed o) aby JO UoIedOT DAIDY SIeI\ joiaquinN  joJdquinu |elof JosaquinN s1ydesboan Aemary jo saweN

(PanunUOd) | 3jqey



Meulendyks et al. Scand J Trauma Resusc Emerg Med (2023) 31:11

NEARIII reporting 1288, 8937, and 19,071 intubations,
respectively [12-14].

Seventeen of the 22 registries identified began their
data collection in 2005 or later. The earliest time peri-
ods of data collection are seen in NEARI, II, and III
which began in 1996, 1997, and 2002 respectively [12,
35, 36], Emergency Department Intubation Registry
(EDIR) which began in 1999 [37], and the Singapore
General Hospital Emergency Airway Registry which
began in 2000 [38]. Only two registries included data
on intubations that took place outside of the ED set-
ting. The Cleveland Clinic Emergency Airway Regis-
try includes 30% prehospital intubations and BCARE
includes 30% ICU intubations and 16.3% ward intuba-
tions [34, 39]. Six registries also specify the exact per-
centage of their data that reflects paediatric intubations,
ranging from 0.2% of patients aged 13 or less in EDIR, to
13.9% patients aged zero to 18 in NEARI [12, 19]. This

Table 2 Utilization of airway registry data—QI/QA studies
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reflects variable definitions of the age which constitutes
a paediatric patient across the identified airway registries
depending on the region or country of origin.

Types of publications and utilization of airway registry
data

The utilization of airway registry data varied; eight of 22
registries were used in QA studies, eight of 22 for QI stud-
ies, and 21 of 22 for research. Note that one publication
was classified as both QI and research [10]. Table 2 pro-
vides a summary of QA and QI publications identified.
Five of 10 QA studies focused on auditing the practices
and outcomes of their single local centre by comparing
its performance to benchmark data from other centres
within the same registry, or from a larger, more estab-
lished registry. Of the QI publications identified, all but
three focused on dedicated QI programs implemented
at a local centre. The remaining three studies assessed

Publication Purpose of Study Number Registries Included
Type of
Studies
QA Description of airway management practices at a local centreand 5 ANZEDAR
its comparison to larger centres NEARIII
South African ED Registry
The Royal North Shore Emergency Airway Registry
Examination of success rates, stratified by operator level of experi- 1 JEANI+1I
ence
|dentification of drug use patterns and compliance to recom- 1 NEARI
mended standards
Characterization of emergency surgical airway cases 1 ANZEDAR
Evaluation of changing airway management trends over time 1 JEANI+1I
Identification of documentation rate 1 Cleveland Clinic Emergency Airway Registry
Ql Evaluation of local quality improvement initiatives 7
Education 5 The Royal North Shore Emergency Airway Registry
Cleveland Clinic Emergency Airway Registry
Continuous quality improvement database
Samsung Medical Centre Emergency Airway Program
The Alfred Airway Registry
Airway registry creation 4 Cleveland Clinic Emergency Airway Registry
King Abdulaziz University Hospital Airway Registry
Continuous quality improvement database
The Alfred Airway Registry
Procedure standardization 4 The Royal North Shore Emergency Airway Registry
Cleveland Clinic Emergency Airway Registry
Samsung Medical Centre Emergency Airway Program
The Alfred Airway Registry
Performance target implementation 3 Cleveland Clinic Emergency Airway Registry?
Samsung Medical Centre Emergency Airway Program?
The Alfred Airway Registry
Equipment/supplies pre-preparation 1 Samsung Medical Centre Emergency Airway Program
Impact determination of outbreak-response measures at a local 2 Singapore General Hospital Emergency Airway Registry
centres The Alfred Airway Registry
Evaluation of training programs between centres 1 KEAMR

ANZEDAR The Australian and New Zealand Emergency Department Airway Registry, BCARE British Columbia Airway Registry for Emergencies, JEAN Japanese
Emergency Airway Network Registry 1 and 2, KEAMR Korean Emergency Airway Management Registry, NEAR National Emergency Airway Registry
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the impact of procedural changes in response to disease
outbreaks (COVID-19 and SARS [10, 38]) or conducted
a cross-sectional evaluation of simulation-based training
programs between centres [40]. A list of all included QA
and QI publications is provided in Additional File 3.

The most common areas of focus amongst the
research-based publications include 34 studies compar-
ing between laryngoscope types, 15 regarding evalua-
tions of medication choice, dosing, and outcomes, and
12 reporting summaries of captured airway management
statistics as seen in Table 3. Of the 105 research publi-
cations identified, 73 were retrospective analyses and 29
were prospective observational studies. One study used
a combination of retrospective analyses and qualitative
surveys [41], while two abstracts did not specify their
study methodology [34, 42]. A complete list of research
publications included can be found in Additional file 4.

Intubation practices and adverse events of identified
airway registries

Intubation practices of various airway registries are sum-
marized in Table 4. A complete list of all publications’
intubation practices and adverse events can be found in
Additional File 5. EM physicians are reported as the most
common intubator in 19 of 22 airway registries. Of these
registries, 12 reported that the most common intubator
is EM residents. One registry, the Cipto Mangunkusumo
General Hospital Airway Registry, reported Anesthetists
as the most common intubator.

Fourteen registries reported the most common indi-
cation for intubation as medical conditions including
intracranial hemorrhage/stroke and airway protection.
Only one registry reported trauma as the most common
indication, Defense Registry for Emergency Airway Man-
agement (DREAM), a registry at Brooke Army Medical
Centre, which is a level 1 trauma centre.

First pass success (FPS) rates were reported by 20 of
22 airway registries identified, with the exception of
NEARI and the Middlemore Hospital Airway Registry.
EPS ranged from 74% in the Japanese Emergency Airway
Network I and II (JEANI+1II) and the Cleveland Clinic
Emergency Airway Registry to 93.9% in The Royal North
Shore Emergency Airway Registry.

Seventeen of 22 registries reported the most used
intubation device, either the video laryngoscope (VL) or
direct laryngoscope (DL) in all of these registries. Twelve
of these registries reported the VL as the most used with
rates ranging from 52% in the South African ED Registry
to 94% in the Continuous QI Database.

Medication use for intubation and rates of rapid
sequence intubation (RSI) varied widely across the
identified registries. Among the 13 registries that
reported rates of RSI, rates ranged from 9% in the Cipto
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Mangunkusumo General Hospital Airway Registry to
85.2% in the Continuous QI Database. The most common
induction agent was etomidate (7 of 22 registries). Keta-
mine, Propofol, Midazolam, Fentanyl, and Thiopental
were each reported as the most common induction med-
ication in one registry. Ten registries did not report their
most common induction agent. Paralytic agent use was
reported in 11 of 22 registries, with five of these report-
ing Rocuronium and six reporting Succinylcholine as the
most used paralytic.

Total rates of adverse events were reported by 17 of
22 airway registries. These rates ranged from 6.5% in
the Korean Emergency Airway Management Regis-
try (KEAMR) to 33% in the South African ED Registry.
Seventeen of 22 identified registries reported the most
common adverse events associated with intubation. The
most common adverse events were hypoxia in eight of 17
registries (7.5% to 16.2% of patients), hypotension in four
of 17 registries (4.1% to 10% of patients), and esopha-
geal intubation in five of these 17 registries (2.9 to 6% of
patients).

Definitions in identified airway registries

The identified airway registries provided various defini-
tions of an intubation attempt, FPS, and adverse events,
including hypoxia and hypotension. Table 5 provides a
summary of these definitions in each registry, if avail-
able. Definitions provided in each included publication
can be found in Additional File 5. Six of 22 registries
defined an attempt at intubation as “a single passage of
the laryngoscope blade into the mouth” while five regis-
tries made this definition more specific defining passage
of the laryngoscope blade or endotracheal tube past vari-
ous anatomical structures including past the lips (Royal
North Shore), the teeth (JEANI+II and KEAMR), the
vocal cords (Singapore General Hospital Emergency
Airway Registry) or the alveolar ridge (NEARIII) as an
intubation attempt. Eight registries did not define an
intubation attempt.

FPS was most often defined as “successful placement
of the endotracheal tube on the first laryngoscope inser-
tion” in seven of 22 registries, while three defined FPS as
“correct placement through the vocal cords on the first
attempt” (National Emergency Resuscitation Airway
Audit [NERAA], NEARII, KEAMR), and two stipulated
that placement had to be confirmed by end-tidal cap-
nography to be deemed successful (JEANI+II and Royal
North Shore Emergency Airway Registry). Ten registries
did not define FPS.

Thirteen of 22 registries defined specific parameters for
hypoxia to be reported as an adverse event. Six registries
reported hypoxia as peripheral oxygen saturation <90%,
six reported < 93%, and one reported < 80% within 30 min
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Table 3 Utilization of airway registry data—Research studies
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Purpose of Study

Number of Registries Included

Studies

Evaluate the use and performance of various laryngoscopes

Evaluation of drug use and its associated outcomes

General description of local airway management practices and outcomes

Description of airway management practices and outcomes for a specific patient subset

(diagnosis)

Examination of multiple intubation attempts

Description of airway registry creation and implementation

Description of local airway management practices and outcomes for a specific patient
subset (demographics)

Evaluation of pre-oxygenation use and its associated outcomes

Evaluation of performance between operator specialty and/or level of experience

Description of airway management practices and outcomes for difficult airways

Evaluation of the incidence of adverse events

Description of surgical airway cases
Examination of intubation method used

Examination of patient positioning used

Evaluation of the required incidence, use, and outcomes of rescue maneuvers
Evaluation of end-tidal carbon dioxide monitoring use and its associated outcomes
Evaluation of bougie use and its associated outcomes

Description of airway management cases involving telemedicine

Evaluation of implemented COVID-19 procedures

34

1

Cleveland Clinic Emergency Airway Registry
Continuous quality improvement database

KEAMR

NEARIII

Samsung Medical Centre Emergency Airway Program
Singapore General Hospital Emergency Airway Registry

The Royal North Shore Hospital Emergency Department Airway

Registry

ANZEDAR

Continuous quality improvement database

EDIR

NEARIII

Samsung Medical Centre Emergency Airway Program
The Aberdeen Royal Infirmary Airway Registry

ANZEDAR

Cipto Mangunkusumo General Hospital Airway Registry
DREAM

EDIR

NEARII

NEARIII

NERAA

JEANI+1I

KEAMR

NEARII

NEARIII

ANZEDAR

Continuous quality improvement database

JEANI+1I

KEAMR

ANZEDAR

BCARE

Middlemore Hospital Airway Registry

Continuous quality improvement database

EDIR

JEANI+1I

KEAMR

ANZEDAR

Continuous quality improvement database

BCARE

EDIR

Singapore General Hospital Emergency Airway Registry
Chulalongkorn Airway Registry

Continuous quality improvement database
Singapore General Hospital Emergency Airway Registry
Continuous quality improvement database

NEARIII

Samsung Medical Centre Emergency Airway Program
EDIR

NEARIII

JEANI+1I
NEARIII

NEARIII

NEARII

NEARI

NEARIII

NEARIII

The Alfred Airway Registry

ANZEDAR The Australian and New Zealand Emergency Department Airway Registry, BCARE British Columbia Airway Registry for Emergencies, DREAM Defense Registry

for Emergency Airway Management,

EDIR Emergency Department Intubation Registry, JEAN Japanese Emergency Airway Network Registry 1 and 2, KEAMR Korean Emergency Airway Management
Registry, NEAR National Emergency Airway Registry, NERAA National Emergency Resuscitation Airway Audit
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of intubation. NEARIII also specified that hypoxia would
be reported as an adverse event if there was a desatura-
tion of > 10% of absolute oxygen saturation.

Seven registries provided specific parameters to define
hypotension as an adverse event. Hypotension was
most often defined as a systolic blood pressure (SBP)
of <90 mmHg in six of these seven registries, whereas
NEARIII defined hypotension as an SBP of<100 mmHg.
Among the registries that did not report a specific param-
eter, hypotension was defined as requiring treatment
with either intravenous fluids or vasopressors in five
registries. Both the South African ED Registry and the
Samsung Medical Centre Emergency Airway Program
also reported hypotension as an adverse event if a 20%
change from the patients’ baseline SBP was recorded. The
Samsung Medical Centre Emergency Airway Program
included a third parameter to measure hypotension as a
mean arterial pressure of <65 mmHg. Ten registries did
not define hypotension.

Discussion

Of the identified registries, commonalities of reported
information include patient demographics (most often
age, sex, and weight), indication for intubation, method
of intubation and adjuncts used (stylet, bougie), device
used for each attempt, intubator level of training and
specialty, number of attempts and the outcome of each
attempt, presence of any difficult airway characteristics
and predicted difficulty of intubation, induction and/or
paralytic medications used, patients’ pre- and post-intu-
bation vital signs, and complications or adverse events.
Other commonly reported information included patient
positioning, intubation maneuvers or rescue techniques,
and the use of a pre-RSI checklist. Commonly reported
adverse events included hypoxia, hypotension, bradycar-
dia, esophageal intubation, failed airway requiring sur-
gical airway, dysrhythmia or cardiac arrest, vomiting or
aspiration, endobronchial intubation, dental or airway
trauma, and laryngospasm.

There is a suggestion that the context of the registry
is also important when comparing intubation perfor-
mance. For example, the Cleveland Clinic Emergency
Airway Registry also included pre-hospital intuba-
tions that comprised 30% of their data in one study [39].
Interestingly, this registry also reported the lowest FPS
of North American airway registries, possibly due to
the inclusion of pre-hospital intubations, which may be
more difficult than ED intubations due to the inability to
obtain assistance, lack of proper equipment, variability
of intubator experience and training, and difficult intu-
bation environments [43]. Additionally, 11 of 22 identi-
fied registries include intubations performed on patients
of all ages, which complicates comparisons of intubation
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performance between institutions because of the added
complexity of managing paediatric airways due to their
smaller size, and anatomical and physiological differences
from adult airways [44—46]. These inconsistencies of
information reported, location of intubation, and patient
population among airway registries may limit compari-
sons of intubation practices.

Airway registries are a critical QA tool that allow some
degree of comparison of adverse events rates and key
performance indicators of intubation practice between
centres, both nationally and internationally. For exam-
ple, Powell et al., 2018 utilized data from ANZEDAR as
a benchmark to monitor intubation practices in a small,
rural ED in New Zealand [47]. Using the data pooled
from 43 centres in ANZEDAR, this study demonstrated
that FPS rates and complication rates were similar in this
rural ED to data collected from across Australia and New
Zealand [47]. On a larger scale, Park et al., 2017 utilized
real-time clinical data collected from airway registries
internationally to determine an international benchmark
for FPS of 84.1%, and provided rates of the most common
peri-intubation adverse events [48].

Several studies identified in this review demonstrate
that airway registry data play a crucial role in identifying
deficiencies in ED intubation practices, developing tar-
geted solutions, and monitoring the efficacy of multi-fac-
eted QI programs to improve FPS while minimizing rates
of peri-intubation adverse events [2, 11, 13, 39, 40, 49—
55]. For example, Hwang et al., 2018 standardized intuba-
tion practices by introducing an ED intubation protocol
checKklist that directed staff to optimize pre-oxygenation,
utilize VL, use RSI as a standard method for intubation,
and limit intubation attempts to two by a single provider
or with the same device [50]. This centre also provided
evidence-based lectures on airway management to EM
physicians and nurses, as well as hands-on skills training
with various airway devices in a simulated setting [50].
After implementation of these changes, airway registry
data collected in the subsequent three-year study period
demonstrated that FPS increased by 11%, and overall
peri-intubation complication rates decreased by 8% [50].
Tracking the efficacy of these QI interventions using air-
way registry data is crucial as it is well-established that
multiple intubation attempts lead to higher rates of life-
threatening peri-intubation complications, an increased
risk of intubation failure on subsequent attempts, and
lower probability of return of spontaneous circulation [3,
21, 22, 56-60].

The airway registries reviewed provide insight into his-
torical practices and current trends. Airway registries
identified in this review revealed a trend towards higher
rates of intubations performed by RSI in America [13,
61-63], Europe [19, 64], and Australia and New Zealand
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[1, 47]. While rates of RSI are increasing in more recent
publications, rates of RSI remain low in Japan [65-67]
and Indonesia [24]. Likewise, DL has historically been the
standard of care for performing ED intubations; however,
trends in the identified airway registries demonstrate the
increasing prevalence of VL as this intubation technique
allows for higher rates of FPS with lower rates of adverse
events [2, 8, 13, 27, 61, 68-73]. Trends in medication
selection are also described in airway registry data, and
this review demonstrated a trend towards increasing use
of etomidate, despite the persistence of geographic vari-
ation in medication selection. Airway registries can be a
valuable tool to increase awareness of how local practices
compare to global trends in clinical care and their impact,
such as standardizing the use of RSI for intubation, to
provide better patient outcomes [4, 8, 52, 71, 76-78].

EPS is often used as a marker of intubation proficiency
because multiple intubation attempts are associated with
increased rates of adverse events [3, 21, 56—60]. Several
studies included in our review reported the definition of
an intubation attempt and FPS utilized at their institu-
tion; however, these definitions had some heterogeneity.
The most recent systematic review performed to deter-
mine an international benchmark of FPS recommended
defining FPS as “the proportion of endotracheal tubes
placed successfully after the first attempt” and defin-
ing intubation attempt as “any single insertion of the
laryngoscope into the mouth” [48]. This aligns with the
most commonly reported definitions of FPS and intuba-
tion attempt identified in this review; however, there is
still heterogeneity and a lack of transparent reporting of
the definitions used by many airway registries identified
which limits international comparison. To allow for the
creation of reliable international benchmarks and equiva-
lent comparisons of airway management performance
between centres, we recommend that these definitions
are used at all institutions implementing an airway
registry.

Similarly, several identified airway registries did not
provide definitions of common adverse events such as
hypoxia and hypotension [12, 13, 15, 23, 34, 39, 49, 55].
Among those that provided definitions of these adverse
events, there was a great deal of variability. A lack of
agreed upon definitions of peri-intubation adverse events
may explain the variability in reported overall adverse
event rates among studies identified in this review, rang-
ing from 6.5 to 33% [25, 79]. While there is little consen-
sus of adverse event definitions that should be used in
ED airway registries, guidelines do exist for these defini-
tions in pre-hospital airway management [80]. Intubation
attempts at a peripheral oxygen saturation of 93% or less
have a much higher risk of progressing to critical oxygen
desaturations [81]. This is in-keeping with the rationale

Page 14 of 17

that ANZEDAR provided for reporting hypoxia as an
oxygen saturation of less than 93%, as they preferred
this higher cut-off to provide a margin of safety before
critical desaturation occurs [11]. Additionally, the most
commonly used value of hypotension identified in this
review was a SBP of less than 90 mmHg, in-keeping with
the value recognized in some guidelines provided in pre-
hospital airway management that report hypotension as
a SBP less than 90 mmHg or a decrease in SBP of greater
than 10% from the patient’s baseline value [82]. Based
on the available literature, airway registries should con-
sider reporting peri-intubation adverse events as hypoxia
if peripheral oxygen saturation is 93% or less and hypo-
tension if SBP falls below 90 mmHg or greater than 10%
from the patient’s baseline measurement.

Of note, few publications provided meaningful infor-
mation regarding the logistics of the airway registry use,
sources of funding, methods of data collection or dissem-
ination of information which would be valuable for con-
sideration of how to optimally implement an ED airway
registry.

Limitations

This study reports only published data from airway regis-
tries or registry-like reporting procedures. We suspect that
data from smaller or non-academic institutions, or those
who did not provide evidence of an ongoing airway regis-
try in their publication were likely not represented in this
review which likely amounts to a degree of selection bias.
Additionally, non-English publications were excluded from
this review leading to an English-language bias.

Several of the identified registries include only a single
publication or publications that are now dated. This may
not be representative of the current state of intubation
practices or the ongoing function of the airway registry
within those institutions. The wide range of publication
dates also means that data among various airway regis-
tries may no longer be representative of that airway reg-
istry. We have also included abstract only publications in
this review to be as representative as possible of global
airway registries; however, these publications do pro-
vide limited information when compared to full-text
publications.

Lastly, we attempted to report the most recent and rep-
resentative trends within each included airway registry.
Data was reported from the most recent available pub-
lication. If the most recent publication was missing any
of this data, it was reported from the next most recent
publication, and so on. This method often led to intuba-
tion practices being reported from a single study within
a registry and may not be representative of the nuances
of emergency airway management among included
institutions.
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Conclusions

This scoping review identified 22 airway registries glob-
ally that monitor ED intubation. Airway registries appear
to be a crucial tool to improve intubation procedures and
patient outcomes by contributing meaningful longitudinal
data to guide local intubation practices, ensure quality of
care, and serve as a platform to innovate and test clinically
relevant questions, while providing important information
regarding current intubation procedure trends and guid-
ance for quality improvement initiatives. However, stand-
ardized definitions and transparent reporting of adverse
events and other key performance indicators, such as FPS,
would allow airway management performance to be com-
pared on a more equivalent basis and allow for the deter-
mination of more reliable international benchmarks. With
some consensus among pre-hospital airway registries and
identified ED airway registries, it would be reasonable to
adopt reporting hypoxia as a peripheral oxygen satura-
tion of 93% or less and hypotension as SBP of less than
90 mmHg or a decrease of greater than 10% from the
patient’s baseline. Additionally, FPS should be defined as
“the proportion of endotracheal tubes placed successfully
after the first attempt” and intubation attempt as “any sin-
gle insertion of the laryngoscope into the mouth” Given
the importance of airway registry data, the creation and
implementation of an airway registry should be consid-
ered by any centre looking to investigate and improve
their emergency airway practices.
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