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Abstract
Survival from in-hospital cardiac arrest is approximately 18%, but for patients who require advanced airway management survival is lower. Those

who do survive are often left with significant disability. Traditionally, resuscitation of cardiac arrest patients has included tracheal intubation, however

insertion of a supraglottic airway has gained popularity as an alternative approach to advanced airway management. Evidence from out-of-hospital

cardiac arrest suggests no significant differences in mortality or morbidity between these two approaches, but there is no randomised evidence for

airway management during in-hospital cardiac arrest.

The aim of the AIRWAYS-3 randomised trial, described in this protocol paper, is to determine the clinical and cost effectiveness of a supraglottic

airway versus tracheal intubation during in-hospital cardiac arrest. Patients will be allocated randomly to receive either a supraglottic airway or tra-

cheal intubation as the initial advanced airway management. We will also estimate the relative cost-effectiveness of these two approaches. The pri-

mary outcome is functional status, measured using the modified Rankin Scale at hospital discharge or 30 days post-randomisation, whichever

occurs first.

AIRWAYS-3 presents ethical challenges regarding patient consent and data collection. These include the enrolment of unconscious patients without

prior consent in a way that avoids methodological bias. Other complexities include the requirement to randomise patients efficiently during a time-

critical cardiac arrest. Many of these challenges are encountered in other emergency care research; we discuss our approaches to addressing them.

Trial registration: ISRCTN17720457. Prospectively registered on 29/07/2022.
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Introduction

Global rates of in-hospital cardiac arrest (IHCA) are not well

described.1,2 The incidence of IHCA in the UK is 1.6 per 1000 hospi-

tal admissions,3,4 whereas in the US the incidence is 9–10 per 1000

admissions.5,6 Unadjusted survival following IHCA in both the UK

and the US is around 18%,4 although this figure includes patients

who are resuscitated quickly without advanced airway management

and therefore more likely to have good outcomes. For those who

require advanced airway management, the survival rate will be

lower. The societal impact of cardiac arrest is substantial, evidenced

by the years of productive life lost due to death and disability and the

economic burden of caring for cardiac arrest patients resuscitated

successfully but left with significant functional impairment.7

While tracheal intubation has long been considered the definitive

technique for advanced airway management during IHCA,8 recent

randomised controlled trials (RCTs) investigating out-of-hospital car-

diac arrest (OHCA) suggest there may be advantages to using

supraglottic airways (SGAs) such as faster and easier insertion,9

and less pauses in chest compressions.10 Two systematic reviews

have compared airway interventions in OHCA and found no differ-

ence between supraglottic airways and tracheal intubation in long-

term survival or neurologic outcome, while noting that intubation suc-

cess rate is an important consideration.11,12 Recent resuscitation

guidelines support the use of SGAs in settings where intubation suc-

cess rates are lower.13 Changes have followed in OHCA systems

where paramedics manage the airway but less so in IHCA where

doctors are the airway provider.9,14 In the United States intubation

rates during IHCA have significantly decreased since the 2010 Amer-

ican Heart Association guidelines15 that prioritised chest compres-

sions over airway management.16

A recent systematic review identified a significant knowledge gap

in the optimal airway management strategy for IHCA,12 with substan-

tial practice variation found in UK and international surveys.17,18

Aims and objectives

The aim of this trial is to determine the relative clinical and cost effec-

tiveness of an SGA versus tracheal intubation during IHCA.

The primary objective is to estimate the difference in functional

outcome between IHCA patients receiving an SGA or tracheal intu-

bation as the initial approach to advanced airway management by

measuring the modified Rankin Scale (mRS) score at hospital dis-

charge or 30 days post-OHCA,19 whichever occurs sooner. The

study’s secondary objectives are to conduct a 6-month pilot study

to confirm the feasibility of a large-scale multi-centre trial and to esti-

mate the cost-effectiveness of SGAs versus tracheal intubation

through an integrated economic evaluation.

Methods and analysis

Design

AIRWAYS-3 is a multi-centre, open-label, pragmatic, individually ran-

domised, parallel group, 1:1, superiority trial and economic evalua-

tion to determine the clinical and cost effectiveness of an SGA

versus tracheal intubation during IHCA. This protocol has been writ-

ten in concordance with the SPIRIT guidelines and is summarised in

Table 1.20 The trial process is shown in Fig. 1.
Setting

Pilot

A 6-month internal pilot will confirm the feasibility of the large-scale

multi-centre trial with 40 hospitals across England and Wales aiming

to recruit 420 patients (10% of total sample). For the pilot trial, at

least 25 hospitals (60%) must participate, and 252 patients (60%

of target) must be recruited. The research team will continue to mon-

itor the recruitment which will be overseen by both a data monitoring

committee and trial steering committee.

Main trial

On reaching the pre-defined success criteria, the internal pilot will

continue into the main trial and recruit a further 80 hospitals (120

in total) and an additional 3770 patients (4190 in total). If necessary,

we will consider international recruitment.

Randomisation

Patients requiring advanced airway management will be randomly

allocated 1:1 to receive an SGA or tracheal intubation using a

bespoke mobile phone progressive web application (PWA) devel-

oped by Warwick Clinical Trials Unit (WCTU). When activated this

displays the treatment arm the participant has been randomised to.

Stratified randomisation will occur by hospital site and time of day

(8am to 6 pm or outside these hours) to account for less favourable

outcomes in out-of-hours cardiac arrests.22

Patient enrolment

In participating hospitals, clinical staff will alert the cardiac arrest

team via the hospital switchboard, following usual practice. A mem-

ber of the team will assess eligibility (Table 2). If a participant is later

found to be ineligible after randomisation, they will still be analysed

according to the “intention to treat” principle. Randomised partici-

pants who do not receive the allocated intervention (e.g., achieving

ROSC before advanced airway management) will be analysed in

their assigned group.

Patient consent

Eligible patients in cardiac arrest are unconscious and unable to pro-

vide consent. Following ethics committee approval, patients will be

randomised into the trial without prior consent in compliance with

the Mental Capacity Act 2005.23 We will also seek the approval of

the Confidentiality Advisory Group (CAG) to collect primary outcome

data from all patients without prior consent to prevent potential bias if

survivors can withdraw their primary outcome data while non-

survivors cannot.

Participants who survive and have not previously registered an

NHS National Data Opt-Out (NDO) will be approached for consent

in a dynamic process, tailored to their clinical condition and progress.

If a participant lacks capacity an appropriate personal consultee will

be approached. If no suitable personal consultee can be identified a

professional consultee will be approached. Participants will be

offered three consent options:

1. No further participation

2. Collection of routine data from the participant’s health records,

but no requests to complete follow-up questionnaires

3. Collection of routine data from the participant’s health records

and the completion of follow-up questionnaires



Table 1 – WHO trial registration data set.

Data category Information

Primary registry and trial

identifying number

International Standard Randomised Controlled Trial

Number (ISRCTN) 17720457

Date of registration in primary

registry

29/07/2022

Secondary identifying numbers National Institute for Health and Care Research (NIHR) 131533

Source(s) of monetary or

material support

National Institute for Health and Care Research

Primary sponsor University Hospitals Bristol and Weston NHS Foundation Trust

Secondary sponsor(s) Not applicable

Contact for public queries airways3@warwick.ac.uk

Contact for scientific queries Jonathan R. Benger, Faculty of Health & Applied Sciences, University of the West of England, Bristol,

UK.

Public title Comparing advanced airway management for hospital patients in cardiac arrest

Scientific title Randomised trial of the clinical and cost effectiveness of a supraglottic airway device compared with

tracheal intubation for in-hospital cardiac arrest (AIRWAYS-3)

Countries of recruitment United Kingdom

Health condition(s) or problem

(s) studied

Cardiac arrest

Intervention(s) Intervention: Supraglottic airway (SGA)Comparator: Tracheal intubation

Key inclusion and exclusion

criteria

Adults of any sex who have suffered an in-hospital cardiac arrest (IHCA). See Table 2 for further details

Study type Interventional

Allocation: randomised; individual assignment

Primary purpose: treatment

Date of first enrolment December 2022

Target sample size Pilot: 420 patients

Main trial: 4216 patients

Recruitment status Recruiting

Primary outcome(s) Modified Rankin Scale (mRS) at hospital discharge or 30 days post-randomisation, whichever occurs

first

Key secondary outcomes Secondary outcomes reflect the recommendations of the Core Outcome Set for Cardiac Arrest (COSCA)

in adults,21 and are summarised in Table 3

Fig. 1 – Trial flow diagram.
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Table 2 – Patient inclusion/exclusion criteria.

Inclusion criteria Exclusion criteria

Adult (known or believed to be age >=18) Patients in the emergency department

In-hospital cardiac arrest, attended by the hospital cardiac arrest team in response

to a cardiac arrest call (2222 or equivalent), and including a clinician who can

undertake tracheal intubation or supraglottic airway placement within that hospital

setting so either intervention can be delivered

People who are not a hospital inpatient (e.g., visitor,

relative, staff or outpatient)

Undergoing resuscitation and requiring advanced airway management in the

opinion of the clinician managing the patient’s airway

Patients who are already have a tracheal tube in situ

at the time of eligibility assessment

Patients known to be pregnant

Patients with a functioning tracheostomy
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If at any point the participant (or their consultee) withdraws con-

sent, no further data will be collected and the participant will not be

contacted again. All non-identifiable data collected up to that point

will be retained and included in the analysis.

England’s NDO scheme allows individuals to opt out of using their

healthcare data for future research. However, we cannot determine if

a person has registered for NDO prior to their emergency treatment

and randomization due to the urgent nature of IHCA. Hence, if a par-

ticipant is found to have registered an NDO after randomization, they

will be excluded from the trial before data collection and analysis.

Trial interventions

Tracheal intubation (comparator group)

Participants will be intubated as soon as possible after randomisa-

tion. The size and type of tracheal tube will be at the discretion of

the clinician managing the airway. The clinician may choose to use

video or direct laryngoscopy and may use adjuncts (bougie, stylet,

etc.) at their discretion.

Supraglottic airway (SGA) (intervention group)

Participants will receive a supraglottic airway as soon as possible

after randomisation. The treating clinician may choose any type

and size of supraglottic airway at their discretion.

Procedure

Following an initial period of bag-mask ventilation as required, the

allocated intervention will be provided. Strategies for confirming

placement will be at the clinician’s discretion but, in line with current

UK guidance, it is anticipated that waveform capnography will be

used to aid confirmation of the correct placement and functioning

of any advanced airway management device. If successful, the allo-

cated treatment should be used until resuscitation efforts cease or

return of spontaneous circulation (ROSC) is achieved for 20 minutes,

at which point further management will proceed as dictated by the

treating clinician. If airway insertion is unsuccessful after two

attempts, subsequent treatment will be determined by the treating

clinician.

Outcome measures

Primary outcome

Functional outcome, measured using the Modified Rankin Scale

(mRS) score at hospital discharge or 30 days post-randomisation,

whichever occurs first.19 The mRS is a 7-point scale (0–6), with

scores of 0–3 usually indicating a good functional outcome.21 A

mRS score of 6 is allocated when a patient dies. Survivors are
assessed against the mRS scale by a research nurse using a stan-

dardised flow chart.19

Secondary outcomes

Secondary outcomes reflect the recommendations of Core Outcome

Set for Cardiac Arrest (COSCA) in adults,21 and are summarised in

Table 3. Regurgitation is defined as stomach contents being visible

in the mouth or nose. Aspiration is defined as stomach contents

being visible below the vocal cords or inside a correctly placed tra-

cheal tube or airway channel of a supraglottic airway device.

Sample size

Results from UK audit data suggest survival to hospital discharge is

24% among all IHCA patients,3 but may be as low as 10% in those

receiving tracheal intubation (Couper K, 2020 as cited in17). This is

because cardiac arrests of a shorter duration are both less likely to

require advanced airway management and less likely to have a poor

outcome.12,24 The sample size calculation is based on mortality data.

This is not identical to our primary outcome (for which data are not

available), however the mRS is dominated by mortality (score 6) in

this population. Observational evidence shows alternatives to tra-

cheal intubation are associated with a 3.1% higher absolute differ-

ence in survival to discharge (19.4% vs. 16.3%).25

The baseline survival rate of 10% is assumed to include an equal

mix of patients who received either intervention. The 3% minimum

clinically significant difference around this baseline of 10% has been

set accordingly (8.5% vs. 11.5%). To demonstrate this effect size of

3% difference (8.5% to 11.5%) in patients with a ’good’ functional

outcome, a total of 4,190 patients is required with a power of 90%

and a type I error of 5%. The sample size was not inflated to accom-

modate for the withdrawal of participants because we have approval

from the Wales 1 Research Ethics Committee and the Confidentiality

Advisory Group (CAG) to collect the primary outcome for everybody

randomised in the trial.

Site staff training

Educational and training materials will be used to standardise the

processes for training in study procedures, trial enrolment, treatment

delivery, data recording and proportionate Good Clinical Practice

(GCP) across all recruiting sites.

Data collection and patient follow-up

Data collection

The randomising clinician will input anonymised data about the car-

diac arrest call and initial outcome using the PWA. A research nurse



Table 3 – Trial outcome measures and data collection points. WCTU: Warwick Clinical Trials Unit. ROSC: return of
spontaneous circulation. EQ-5D-5L: EuroQol 5 Dimension, 5 Level measure. NCAA: National Cardiac Arrest Audi.

Data item Immediately after the cardiac

arrest. Collected by clinician

through PWA app

In-hospital/ hospital

discharge. Collected by a

research nurse at the hospital

site

3 months post IHCA (±4

weeks). Collected by

research team at WCTU

6 months post IHCA (±4

weeks). Collected by

research team at WCTU

Primary and

secondary

outcomes

Outcome of

resuscitation

attempt (mRS)

p a p a p a

Regurgitation/

aspiration

p a

ROSC > 20

minutes

p a

ICU and hospital

length of stay

p c

Survival to

hospital

discharge

p a p a p c p c

Health-related

quality of life

(EQ-5D-5L)

p b p b p b

In-hospital stay

utilization and

costs

p c p c p c

Additional

unscheduled

care and

readmission

p c p c

Adverse events/

serious adverse

events

p a p c p c p c

a Collected for all participants (where participant survives to that point in the patient pathway).
b Only collected for participants that consent to active follow-up.
c Only collected for participants that consent to active or passive follow-up.
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will then identify the patient using local processes, e.g., cardiac

arrest call logs, and seek consent for follow-up data collection. The

data collection schedule is summarised in Table 3. The research

nurse will collect data from consenting patients and input this to a

secure database. This will be combined with data that is routinely col-

lected through the National Cardiac Arrest Audit (NCAA; a national

clinical audit of in-hospital cardiac arrests in the UK) and the Case

Mix Programme of the National Clinical Audit for Adult Intensive Care

to assess our primary and secondary outcomes.

Patient follow-up

Follow-up data will be collected at 3 and 6 months (±4 weeks) after

IHCA. Patients who have provided consent will be invited to com-

plete the mRS and a health-related quality of life EuroQol 5 Dimen-

sion, 5 Level (EQ-5D-5L) measure.26,27 Questionnaires can be

completed by post, online or by telephone.

Serious adverse event management

All participants in this trial will be in an immediately life-threatening

situation; many will not survive, and all of those who do will be hos-

pitalised, with most survivors admitted to the Intensive Care Unit.

Events that are related to cardiac arrest and would be expected in

patients undergoing attempted resuscitation will not be reported.

Events will only be reported to the Clinical Trials Unit if unexpected
and potentially related to the trial participation following a causality

assessment.

Data analysis

The study will use intention to treat analysis to compare tracheal intu-

bation versus an SGA for the primary outcome, mRS, which will be

dichotomised into ‘good’ and ‘poor’ functional outcomes. Mixed-

effect logistic regression will be used with and without adjustment

for the covariates: age, sex, and stratification variables: hospital site

(random effects) and time of day (fixed effect).

Subgroup analyses will be conducted for shockable vs. non-

shockable initial rhythm and whether an SGA was already in situ at

randomization.

The contamination effect due to participant crossover will be

assessed using power curves and different degrees of crossover,28

and the final analysis will use inverse probability weighted (IPW)

analysis to account for crossovers. Further detail is included in the

Statistical and Health Economics Analysis Plan (SHEAP), see Sup-

plementary material.

Economic analyses

The study will conduct a prospective economic analysis plan which

will be publicly available (see Supplementary material) and follow

the NICE Reference Case29. The analysis will be conducted from
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an NHS and societal perspective and will include intervention, hospi-

tal and community costs in the first 6 months. The EQ-5D-5L will be

used to generate quality-adjusted life years (QALYs) using the then

current value set recommended by NICE. Baseline EQ-5D-5L val-

ues, reflecting the unconscious health state, will be applied to all

patients, minimising potential bias in the QALY AUC calculation.30

Within-trial analysis using bivariate regression will be conducted

to assess cost-effectiveness31 and multiple imputation methods used

if missingness exceeds 5%.32,33 A decision-analytical model will be

constructed to explore the long-term cost-effectiveness of SGA.

Dissemination

The trial results will be reported first to trial collaborators and then

disseminated through publications in high-impact journals, confer-

ence presentations and engagement with the public, clinicians, aca-

demics, key policy makers and those involved in producing

resuscitation guidelines.

Research approvals

Research ethics approval was granted by the Wales 1 Research

Ethics Committee (ref: 22/WA/0156) in July 2022 and the Confiden-

tiality Advisory Group subsequently gave approval for the trial under

Regulation 5 of the Health Service (Control of Patient Information)

Regulations 2002. These approvals were followed by full Health

Research Authority (HRA) approval on 4th November 2022.

Trial management

The University Hospitals Bristol and Weston NHS Foundation Trust

is the Sponsor organization, while the Warwick Clinical Trials Unit

coordinates the trial. The trial is overseen by independent Trial Steer-

ing and Data Monitoring and Safety Committees.

Patient and public involvement

A Patient and Public Research Advisory Group made up of survivors,

relatives and other interested individuals will meet every 3–4 months.

Two of our patient and public involvement (PPI) contributors will join

the Trial Steering Committee, and regular reports will be provided to

all our PPI contributors throughout the study for their input and

advice.

Discussion

Emergency care research presents a unique set of ethical chal-

lenges relating to patient consent and data collection. These compli-

cations are magnified in patients who have had a cardiac arrest,

require immediate life-saving treatments and are unable to provide

prior consent for research participation, as in AIRWAYS-3. It is also

important to understand how these could lead to bias within the trial.

AIRWAYS-3 uses an established legal mechanism to collect pri-

mary outcome data for all patients, regardless of whether they sur-

vive. This is required because most patients do not survive to

regain capacity, and if surviving patients were allowed to withdraw,

they would preferentially be removed from the trial, creating bias that

could substantially alter the results. The only exception to this is for

patients who have registered a national data opt-out (NDO) prior to

their cardiac arrest. This national mechanism allows patients to

pre-specify that they do not wish their healthcare data to be used

for purposes beyond direct care, including research. Patients with
a NDO may be inadvertently enrolled in the study since there is no

opportunity to confirm their opt-out status prior to randomisation with-

out delaying emergency care. Therefore, patients who are identified

subsequently as having registered a NDO will be withdrawn from the

study. Although it is typical to invite patients who have registered a

NDO to participate in research prospectively, doing so would result

in preferential inclusion and also carry the risk of bias. Therefore,

all patients with an NDO will be removed from the study as soon

as they are identified, regardless of their outcome.

We will not routinely inform relatives of non-survivors about their

participation in the trial, based on consultation with our patient and

public advisory group and approval from the Wales 1 Research

Ethics Committee. This decision was made to avoid confusion and

distress among the relatives, and because both tracheal intubation

and SGAs are used routinely during in-hospital cardiac arrest (IHCA)

with similar frequency and clinical equipoise.17 Measures are being

taken to raise awareness of the trial nationally and at recruiting hos-

pitals so patients, relatives and the public can seek further informa-

tion if they wish.

A customized progressive web application (PWA) has been

developed to prevent any delays in life-saving treatment and encour-

age clinician participation in the study.34 The PWA is designed to

work ‘offline’ (without a mobile or WiFi signal) thereby increasing reli-

ability. To our knowledge, only one other published paper has

described the use of a smartphone-based application tool for ran-

domisation.35 It has considerable advantages over the use of sealed

opaque envelopes or telephone/computer-based randomisation sys-

tems in terms of availability, speed and vulnerability to tampering,

and could be applied to future clinical trials requiring a reliable

time-sensitive randomisation procedure.

Recruiting more than 4,000 eligible patients from 120 hospitals to

ensure adequate statistical power is a challenge for the widespread

uptake of AIRWAYS-3. However, previous studies have shown con-

siderable interest from groups representing trainee doctors in anaes-

thesia and intensive care.17 To prioritize the invitation of potential

sites, hospitals will be selected based on the number of cardiac

arrests registered on the NCAA database. Online drop-in sessions

will be provided to encourage participation in the trial. Training mate-

rials will also be available online for convenience.36,37

The results from AIRWAYS-3, along with other ongoing research

including the Hospital Airway Resuscitation Trial (HART) (clinicaltri-

als.gov NCT05520762); a similar clinical trial conducted in the United

States,38 will provide important insights into advanced airway man-

agement for IHCA. These findings should provide evidence that will

reduce mortality and associated disability for IHCA patients, guiding

clinicians in their choice of airway management. Tracheal intubation

skills are limited to relatively few individuals, whereas the insertion of

an SGA can be completed successfully by a wider range of health-

care staff. This has important implications for the composition and

function of in-hospital cardiac arrest teams, with an opportunity for

improved efficiency in the delivery of cardiac arrest care.

Trial status

The trial is currently in the pilot phase and the first patient was

enrolled in December 2022.

The full protocol (17/11/2022 – version 2.0) is available at:

https://fundingawards.nihr.ac.uk/award/NIHR131533.

http://clinicaltrials.gov
http://clinicaltrials.gov
https://fundingawards.nihr.ac.uk/award/NIHR131533
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