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Supplemental content
OBJECTIVE To determine whether a supraglottic airway device (SGA) is superior to tracheal
intubation (TI) as the initial advanced airway management strategy in adults with
nontraumatic out-of-hospital cardiac arrest.

DESIGN, SETTING, AND PARTICIPANTS Multicenter, cluster randomized clinical trial of
paramedics from 4 ambulance services in England responding to emergencies for
approximately 21 million people. Patients aged 18 years or older who had a nontraumatic
out-of-hospital cardiac arrest and were treated by a participating paramedic were enrolled
automatically under a waiver of consent between June 2015 and August 2017; follow-up
ended in February 2018.

INTERVENTIONS Paramedics were randomized 1:1to use Tl (764 paramedics) or SGA (759
paramedics) as their initial advanced airway management strategy.

MAIN OUTCOMES AND MEASURES The primary outcome was modified Rankin Scale score at
hospital discharge or 30 days after out-of-hospital cardiac arrest, whichever occurred sooner.
Modified Rankin Scale score was divided into 2 ranges: 0-3 (good outcome) or 4-6 (poor
outcome; 6 = death). Secondary outcomes included ventilation success, regurgitation, and
aspiration.

RESULTS A total of 9296 patients (4886 in the SGA group and 4410 in the Tl group) were
enrolled (median age, 73 years; 3373 were women [36.3%]), and the modified Rankin Scale
score was known for 9289 patients. In the SGA group, 311 of 4882 patients (6.4%) had a good
outcome (modified Rankin Scale score range, 0-3) vs 300 of 4407 patients (6.8%) in the Tl
group (adjusted risk difference [RD], -0.6% [95% Cl, -1.6% to 0.4%]). Initial ventilation was
successful in 4255 of 4868 patients (87.4%) in the SGA group compared with 3473 of 4397
patients (79.0%) in the Tl group (adjusted RD, 8.3% [95% Cl, 6.3% to 10.2%]). However,
patients randomized to receive Tl were less likely to receive advanced airway management
(3419 of 4404 patients [77.6%] vs 4161 of 4883 patients [85.2%] in the SGA group). Two of
the secondary outcomes (regurgitation and aspiration) were not significantly different
between groups (regurgitation: 1268 of 4865 patients [26.1%] in the SGA group vs 1072 of
4372 patients [24.5%] in the Tl group; adjusted RD, 1.4% [95% Cl, -0.6% to 3.4%];
aspiration: 729 of 4824 patients [15.1%] vs 647 of 4337 patients [14.9%], respectively;

adjusted RD, 0.1% [95% Cl, -1.5% to 1.8%]). Author Affiliations: Author
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ut-of-hospital cardiac arrest is common, sudden, and

often fatal. During 2014, emergency medical ser-

vices (EMS) in England attempted resuscitation in al-
most 30 000 people; only 25% achieved a return of sponta-
neous circulation and 8% were discharged alive from the
hospital.!

Few advanced life support therapies have been shown to
improve outcome following out-of-hospital cardiac arrest.? This
is partly due to uncertainty about effective treatments. The un-
certainty exists because of alack of data from high-quality ran-
domized clinical trials (RCTs), which are challenging to con-
duct in patients with out-of-hospital cardiac arrest.
Consequently, many current clinical recommendations are
based on observational studies and expert consensus.>

Optimal airway management during out-of-hospital car-
diac arrest is a key area of uncertainty because there is very
little high-quality research on which to base treatment
recommendations.* Options range from basic or minimal air-
way intervention to early advanced procedures that require
training and expertise.

The advanced procedure of tracheal intubation has been
considered a definitive airway management technique.®> How-
ever, large observational studies (including >100 000 pa-
tients) have consistently favored basic airway management (eg,
bag-mask ventilation) over tracheal intubation.®” The intro-
duction of a supraglottic airway device offers an alternative
advanced airway management technique during out-of-
hospital cardiac arrest.

Insertion of a supraglottic airway device is simpler and
faster than tracheal intubation,® and proficiency requires less
training and ongoing practice.® Observational evidence has sug-
gested a possible survival advantage for tracheal intubation
compared with a supraglottic airway device.'° However, a large-
scale RCT is required to identify the optimal approach to ad-
vanced airway management during out-of-hospital cardiac ar-
rest.

The objective of this trial was to estimate the between-
group difference in modified Rankin Scale score at hospital dis-
charge or 30 days after out-of-hospital cardiac arrest for pa-
tients treated by paramedics randomized to use either a
supraglottic airway device or tracheal intubation as their ini-
tial advanced airway management strategy.

Methods

Study Design and Paramedic and Patient Populations
The trial protocol and statistical analysis plan for this multi-
center, cluster RCT appear in Supplement 1; the trial protocol
has been published.! Paramedics were recruited from 4 large
EMS provider organizations (ambulance services) in En-
gland, which respond to emergencies for approximately 21 mil-
lion people (40% of England’s population). The trial popula-
tion was adults who had a nontraumatic out-of-hospital cardiac
arrest.

The patient inclusion criteria were (1) known or believed
to be aged 18 years or older; (2) having a nontraumatic out-of-
hospital cardiac arrest; (3) treated by a paramedic participat-
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Key Points

Question Does an initial strategy of a supraglottic airway device
for advanced airway management during nontraumatic
out-of-hospital cardiac arrest result in a better functional outcome
compared with tracheal intubation?

Findings In this cluster randomized clinical trial that included 1523
paramedics and 9296 patients with out-of-hospital cardiac arrest,
favorable functional outcome (modified Rankin Scale score in 0-3
range) at hospital discharge or after 30 days (if still hospitalized)
occurred in 6.4% of patients in the supraglottic airway group vs
6.8% of patients in the tracheal intubation group, a difference that
was not statistically significant.

Meaning In this study, a strategy of using a supraglottic airway
device for advanced airway management did not provide a
superior functional outcome.

ing in the trial who was either the first or second paramedic
to arrive at the patient’s side; and (4) resuscitation was com-
menced or continued by paramedics.

The patient exclusion criteria were (1) detained by Her Maj-
esty’s Prison Service; (2) previously recruited to the trial (de-
termined retrospectively); (3) resuscitation deemed inappro-
priate (using guidelines from the Joint Royal Colleges
Ambulance Liaison Committee!?); (4) advanced airway al-
ready in place (inserted by another paramedic, physician, or
nurse) when a paramedic participating in the trial arrived at
the patient’s side; (5) known to be enrolled in another prehos-
pital RCT; and (6) the patient’s mouth opened less than 2 cm.

Paramedics could not be blinded to their allocation and
mechanisms were required to avoid the risk of differential re-
cruitment by paramedics based on the patient’s perceived likely
outcome. Therefore, every eligible patient treated by a par-
ticipating paramedic was automatically enrolled in the study
under a waiver of consent provided by the confidentiality ad-
visory group (reference No. 14/CAG/1030).

Ethics review and approval was provided by the South Cen-
tral-Oxford Cresearch ethics committee (reference No. 14/SC/
1219), which included a process of written informed consent
for participating paramedics. A disadvantage of automatic en-
rollment was that enrolled patients might not be treated ac-
cording to the study protocol if the enrolling paramedic could
not recall the protocol details (an out-of-hospital cardiac ar-
rest is a relatively rare event) or if the paramedic mistakenly
deemed the patient to be ineligible.

Randomization

Because out-of-hospital cardiac arrest requires immediate
treatment, randomizing patients at the point of out-of-
hospital cardiac arrest was considered impractical. There-
fore, paramedics were randomized to use 1 of the 2 advanced
airway management strategies for the eligible patients that they
treated (Figure 1). This design created many clusters with a
small average number of patients per paramedic that mini-
mized the effect of intracluster correlation and lowered the risk
of chance imbalances between groups.
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Figure 1. Flow of Study Paramedics and Patients

2041 Paramedic clusters expressed interest

464 Did not schedule training

48 Scheduled training but did not attend
6 Attended training but did not consent

to participate

1523 Paramedic clusters randomized?

12789 Patients with out-of-hospital cardiac arrest
attended by paramedic randomized to
tracheal intubation

13587 Patients with out-of-hospital cardiac arrest
attended by paramedic randomized to
supraglottic airway device

v

v

6334 Resuscitation of patients not attempted®
2001 Futile
1935 Rigor mortis
1122 Patient’s decision
947 Hypostasis
241 Death expected
72 Decomposition
35 Cranial destruction
21 Truncalinjury
6 Incineration
5 Submersion
5 Hemicorporectomy
600 Other reasons

2073 Futile
1983 Rigor mortis

993 Hypostasis
243 Death expected
76 Decomposition

20 Truncalinjury
9 Incineration
9 Submersion

609 Other reasons

6580 Resuscitation of patients not attempted®

1197 Patient’s decision

49 Cranial destruction

3 Hemicorporectomy

v

v

6455 Patients assessed for eligibility

‘ 7007 Patients assessed for eligibility

114 Age<18y

responder

Service

2044 Excluded (ineligible)?

790 Paramedic participating in study
second on scene and airway
management already started

698 Paramedic participating in study
not first or second on scene

334 Traumatic injury

65 Resuscitation not commenced or
continued by ambulance staff or

43 Mouth only opens <2 cm
34 Treated while in the hospital
15 Detained by Her Majesty’s Prison

15 Not an out-of-hospital cardiac arrest
0 Previously recruited to trial
1 Eligibility status unknown

2120 Excluded (ineligible)?

769 Paramedic participating in study
second on scene and airway
management already started

721 Paramedic participating in study
not first or second on scene

378 Traumatic injury

122 Age<18y

76 Resuscitation not commenced or
continued by ambulance staff or
responder

41 Mouth only opens <2 cm

37 Treated while in the hospital

27 Detained by Her Majesty’s Prison
Service

17 Not an out-of-hospital cardiac arrest

1 Previously recruited to trial
1 Eligibility status unknown

4410 Patients enrolled by paramedic
randomized to tracheal intubation

4886 Patients enrolled by paramedic randomized
to supraglottic airway device

v

v

696 Paramedic clusters
4410 Patients (median per paramedic,
5[IQR, 3-9]; range, 1-48)

686 EMS clinician clusters
4886 Patients (median per paramedic,
6 [IQR, 3-10]; range, 1-56)

v

v

3419 Patients received 21 airway management attempt
2724 Received tracheal intubation first
985 Did not receive advanced airway management
623 Received study supraglottic airway device first
72 Received non-study supraglottic airway
device first
6 Received unknown intervention

device first

4161 Patients received 21 airway management attempt
4009 Received study supraglottic airway device first
722 Did not receive advanced airway management
116 Received tracheal intubation first
36 Received non-study supraglottic airway

3 Received unknown intervention

v

v

4407 Patients included in primary outcome analysis
3 Patients excluded from the primary outcome
analysis (admitted to nonparticipating hospital)

4 Patients excluded from the

4882 Patients included in primary outcome analysis

analysis (admitted to a participating hospital
but could not be identified)

primary outcome

Grouped according to the randomization assignment of the first paramedic on
the scene who was participating in the study.

2 There were 113 paramedics who withdrew after randomization (58
randomized to tracheal intubation [TI] and 55 randomized to the supraglottic
airway device [SGA]). The median number of patients with out-of-hospital
cardiac arrest treated by a paramedic who later withdrew is 7 for Tl

(interquartile range [IQR], 3-12; range, 1-54) and 6 for SGA (IQR, 4-11; range,
1-31). The median number of trial patients treated by a paramedic who later

withdrew is 3 for TI (IQR, 1.0-5.5;

range, 1-10) and 2 for SGA (IQR, 1-4; range,

1-12). These trial patients were retained and included in the analysis.

b patients can have more than 1reason.
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Paramedics were randomized in a 1:1 ratio using a purpose-
designed secure internet-based system. The computer-
generated random sequence was done in advance using vary-
ing block sizes (range, 4-8) and stratified by EMS provider
organization (4 levels), paramedic experience (2 levels), and
distance from the paramedic’s base ambulance station to the
usual destination hospital (2 levels).

Intervention

The intervention was the insertion of a second-generation su-
praglottic airway device with a soft noninflatable cuff (i-gel;
Intersurgical). Because of its speed and ease of insertion, this
device has become the most commonly used supraglottic air-
way device during out-of-hospital cardiac arrest in England. ">
The current standard of care is tracheal intubation using di-
rect laryngoscopy; video laryngoscopy is not used by para-
medics in England.

A standard approach to airway management (from basic
to advanced techniques) was agreed on by the participating
ambulance services. This included the use of bag-mask ven-
tilation and simple airway adjuncts prior to advanced airway
management. Apart from the initial advanced airway man-
agement, care proceeded as usual for patients with out-of-
hospital cardiac arrest enrolled in the trial. All other care was
delivered according to standard international resuscitation
guidelines.?

Paramedics received additional training in their allo-
cated advanced airway management intervention immedi-
ately after randomization. Training comprised theoretical and
simulation-based practice over 1 hour with a brief assess-
ment to confirm competence. For tracheal intubation, a 2-per-
son technique using an intubating bougie was recom-
mended. End-tidal carbon dioxide monitoring was used to
confirm correct device placement in all patients.

Protocol deviations could arise because paramedics have
both strategies available to them. Usual practice follows a step-
wise approach from simple to more advanced techniques, but
paramedics have the clinical freedom to adapt airway man-
agement during out-of-hospital cardiac arrest to the patient’s
anatomy, position, and perceived needs. The trial protocol
specified 2 attempts using the allocated strategy before pro-
ceeding to the alternative; however, paramedics had discre-
tion to deviate from the trial protocol on clinical grounds.

Allowing discretion was necessary to avoid a paramedic
feeling obliged to undertake an intervention that he or she be-
lieved to be contrary to the patient’s best interests. This also
was necessary to secure approval from the research ethics com-
mittee and professional support.

Outcomes

The primary outcome was modified Rankin Scale score at hos-
pital discharge or at 30 days if the patient remained in the hos-
pital. Patients were transported to and followed up at a hos-
pital by assessors blinded to treatment group who collected
the modified Rankin Scale score. The modified Rankin Scale
score is used widely in out-of-hospital cardiac arrest
research,''® and is usually divided into 2 ranges: O to 3 (good
outcome) or 4 to 6 (poor outcome to death).

JAMA August 28,2018 Volume 320, Number 8
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The following secondary outcomes were collected for all
eligible patients and all but the last 2 were reported by the para-
medics: (1) initial ventilation success, which was defined as vis-
ible chest rise and was classified as “yes” when advanced air-
way management was not used; (2) regurgitation (stomach
contents visible in the mouth or nose) or aspiration (stomach
contents visible below the vocal cords or inside a correctly
placed tracheal tube or airway channel of a supraglottic air-
way device) and each was classified as “no” when advanced
airway management was not used; (3) any unintended loss of
a previously established airway (patients with advanced air-
way management only); (4) sequence of airway interventions
delivered (patients with advanced airway management only);
(5) return of spontaneous circulation (patients with ad-
vanced airway management only; patients who died at the
scene classified as “no” for return of spontaneous circulation
at hospital admission); (6) airway management in place when
return of spontaneous circulation was achieved or resuscita-
tion was discontinued (patients with advanced airway man-
agement only); (7) chest compression fraction (in a subset of
patientsin 2 EMS provider organizations); and (8) time to death.

High-quality, continuous cardiopulmonary resuscitation
(CPR)is associated with increased survival and improved func-
tion following out-of-hospital cardiac arrest; the concept of
compression fraction has been developed to standardize its
measurement.!” Therefore, compression fraction was mea-
sured and compared in a subset of patients treated by 2 am-
bulance services using the “CPR Card” (Laerdal), which is a
small disposable device placed in the center of the patient’s
chest during CPR. The device gives no feedback to the para-
medic but records data that can be retrieved later.

Data on resource use to support a cost-effectiveness analy-
sis and longer-term function also were collected. These data
are not reported herein.

Sample Size
In a previous feasibility study, 9% of patients survived to hos-
pital discharge.'® No data were available for the modified Ran-
kin Scale score. However, death and poor functional out-
come after out-of-hospital cardiac arrest are closely related
because death is the most common outcome.!®
Animprovement of 2% in the proportion of patients achiev-
ing a good outcome (modified Rankin Scale score range, 0-3)
was judged to be clinically important and consistent with the
2.4% difference observed in retrospective data'® between tra-
cheal intubation and a supraglottic airway device for survival
to hospital discharge. This meant that 9070 patients in total
were needed to detect a difference of 8% vs 10% at the signifi-
cance level of 5% with 90% power after allowing for
clustering.!

Statistical Analysis

Analysis of the primary outcome and exploratory analyses of
secondary outcomes were performed according to a prespeci-
fied statistical analysis plan, which was finalized before data
lock and any comparative analysis, but after the end of recruit-
ment due to staff changes within the statistical team. Some ty-
pographical errors were corrected in version 2 and some points
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were clarified, but no substantive changes were made. No com-
parative post hoc analyses were performed.

The primary analyses included all eligible patients with
outcome data available except for the following secondary out-
comes that only applied to those who received advanced air-
way management: (1) any unintended loss of a previously es-
tablished airway; (2) return of spontaneous circulation during
airway management; and (3) airway management in place
when return of spontaneous circulation was achieved or re-
suscitation was discontinued. Chest compression fraction was
only measured in a small subset of patients. Patients were
grouped by the allocation of the first participating paramedic
on the scene (main analyses). The analyses were adjusted for
stratification factors as fixed effects.

For binary outcomes, mixed-effects logistic regression was
used to estimate the odds ratios (ORs) for the primary analy-
sis and paramedic was fitted as a random effect. Risk differ-
ences and risk ratios also were estimated using generalized lin-
ear regression and standard errors were calculated using a
sandwich estimator to allow for clustering. The risk ratios are
reported in Supplement 2.

For time-to-event outcomes, Cox proportional hazards re-
gression was used. The proportionality assumption, which was
checked using Schoenfeld residuals, was met.

Multiple imputation was not done because the level of
missing data was only 7 patients (0.08%) for the primary out-
come and less than 1.5% for all but 1 of the secondary out-
comes, which had missing data for 6.4% of patients.

Two prespecified exploratory subgroup analyses were per-
formed for the primary outcome: (1) out-of-hospital cardiac ar-
rest with alikely cardiac cause that is witnessed and has an ini-
tial rhythm amenable to defibrillation (Utstein comparator
group)?° vs anoncomparator group and (2) out-of-hospital car-
diac arrest witnessed by a paramedic vs not witnessed by a
paramedic. The treatment effect in the subgroups was com-
pared by testing for a paramedic randomization x subgroup
variable interaction.

Three prespecified exploratory sensitivity analyses were
performed for the primary outcome. The first extended the
population to include patients treated by a participating para-
medicbut who were not resuscitated (ie, trial patients plus non-
resuscitated patients). This was prompted by feedback from
the data and safety monitoring committee on a preplanned
closed interim analysis of half the sample.

The second and third sensitivity analyses were planned
from the outset and were restricted to the cohort of patients
whoreceived advanced airway management (as allocated and
comparisons were made by the treatment received).

A 2-sided significance level of 5% was used. The 2 groups
were compared using Wald tests. No adjustment was made for
multiple testing; therefore, the secondary outcomes should be
considered exploratory.?! All analyses were performed using
Stata version 15.1 (StataCorp).
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Results

There were 1523 paramedics who were recruited and random-
ized. Of the 13 462 potentially eligible patients treated by the
participating paramedics between June 2015 and August 2017,
4166 (31%) were excluded and 9296 (69%) were enrolled (me-
dian age, 73 years; 3373 were women [36.3%]; Figure 1 and
Table 1).

Enrolled patients were transported to 95 hospitals and fol-
lowed up to hospital discharge. Follow-up ended in February
2018. The randomization of paramedics was well balanced (759
to the supraglottic airway device group and 764 to the tra-
cheal intubation group). There were 113 paramedics who with-
drew after randomization (58 randomized to tracheal intuba-
tion and 55 randomized to the supraglottic airway device;
additional information appears in the eText in Supplement 2).

There were more patients in the supraglottic airway de-
vice group (n = 4886) than in the tracheal intubation group
(n = 4410). The proportion of patients with out-of-hospital car-
diac arrest was similar in the 2 groups for attempted resusci-
tation (7007 of 13 587 patients [51.6%] in the supraglottic air-
way device group vs 6455 of 12789 patients [50.5%] in the
tracheal intubation group) and eligibility (4886 of 7006 pa-
tients [69.7%] in the supraglottic airway device group vs 4410
of 6454 [68.3%] in the tracheal intubation group).

The patient characteristics and cardiac arrest details were
balanced between the groups (Table 1; eTables 1 and 2 in
Supplement 2). Patients randomized to tracheal intubation
were more likely to crossover to the supraglottic airway de-
vice as a result of a clinical decision made by the paramedic
on scene (Figure 2; eTable 3 and eFigure 1 [contains further in-
formation regarding return of spontaneous circulation dur-
ing or after advanced airway management] in Supplement 2).

Primary Outcome

The primary outcome was available for 9289 of 9296 patients
(99.9%; Table 2). In the supraglottic airway device group, 311
of 4882 patients (6.4%) had a good outcome (modified Ran-
kin Scale score range, 0-3) vs 300 of 4407 patients (6.8%) in
the tracheal intubation group (OR, 0.92 [95% CI, 0.77 t0 1.09];
adjusted risk difference [supraglottic airway device minus tra-
chealintubation], -0.6% [95% CI, -1.6% to 0.4%]; Figure 3 and
eFigure 2 in Supplement 2).

Exploratory Sensitivity and Subgroup Analyses for the
Primary Outcome

Including patients treated by a participating paramedic who
were not resuscitated did not change the conclusion for the pri-
mary outcome (311 of 11462 patients [2.7%] in the supraglot-
tic airway device vs 300 of 10 741 patients [2.8%] in the tra-
cheal intubation group; OR, 0.96 [95% CI, 0.81 to 1.14]; risk
difference, -0.2%[95% CI, -0.6% to 0.3%]; Figure 3 and eTable
4 in Supplement 2).

However, of the 7576 (81%) patients who received ad-
vanced airway management, more patients in the supraglot-
tic airway device group had a good outcome, which is a modi-
fied Rankin Scale score of O to 3 (163 of 4158 patients [3.9%]
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Table 1. Patient Demographics and Cardiac Arrest Details

No. of Patients/Total No. (%)

Supraglottic
Tracheal Intubation Airway Device
(n = 4410) (n = 4886)
Patient Demographics
Sex, No. (%)

Men 2791 (63.3) 3132 (64.1)
Women 1619 (36.7) 1754 (35.9)
Age, median (IQR), y 74 (62-83) 73 (61-82)

Cardiac Arrest Details

Time, median (IQR), min
From emergency call to first paramedic arrival 8 (5-11) 7 (5-11)
From first paramedic arrival to trial paramedic arrival® 0 (0-4) 1(0-4)

Presenting rhythm
Asystole
Ventricular fibrillation
Pulseless ventricular tachycardia
Pulseless electrical activity
Witnessed cardiac arrest
Witnessed by a bystander
Witnessed by a paramedic
Type of bystander or responder action
CPR before paramedic arrival
Defibrillation before paramedic arrival®

Return of spontaneous circulation achieved

2356/4316 (54.6)
979/4316 (22.7)
44/4316 (1.0)
937/4316 (21.7)
2788/4407 (63.3)
2231/2788 (80.0)
557/2788 (20.0)

2774/4406 (63.0)
146/4390 (3.3)
20/146 (13.7)

2597/4791 (54.2)
1094/4791 (22.8)
39/4791 (0.8)
1061/4791 (22.1)
3101/4883 (63.5)
2493/3100 (80.4)
607/3100 (19.6)

3149/4883 (64.5)
176/4863 (3.6)
27/176 (15.3)

At Arrival of Study Paramedic
Airway management in progress
Type of airway management
Bag-mask ventilation only
Oropharyngeal airway and bag-mask ventilation
Nasopharyngeal airway and bag-mask ventilation
Trial supraglottic airway device
Intubation
Other supraglottic airway device
Mouth-to-mouth resuscitation
Face shield or pocket mask
Suction
Other
0Ongoing successful ventilation

Return of spontaneous circulation

1384/4389 (31.5)

273/1383 (19.7)
766/1383 (55.4)
11/1383 (0.8)
262/1383 (18.9)
3/1383 (0.2)
44/1383 (3.2)
8/1383 (0.6)
5/1383 (0.4)
3/1383 (0.2)
8/1383 (0.6)
1110/1372 (80.9)
300/4393 (6.8)

1463/4863 (30.1)

307/1463 (21.0)
875/1463 (59.8)
11/1463 (0.8)
190/1463 (13.0)
3/1463 (0.2)
57/1463 (3.9)
10/1463 (0.7)
4/1463 (0.3)
2/1463 (0.1)
4/1463 (0.3)
1154/1455 (79.3)
328/4862 (6.8)

Abbreviations: CPR, cardiopulmonary
resuscitation; IQR, interquartile
range.

2 Unless otherwise indicated. Patients
are grouped by the randomization
assignment of the first study
paramedic on the scene.

There were missing data for 3
patients randomized to tracheal
intubation and 1 patient randomized
to the study supraglottic airway
device.

€ This was achieved using an
automated external defibrillator
available at the scene.

vs 88 0f 3418 patients [2.6%] in the tracheal intubation group;
OR, 1.57 [95% CI, 1.18 to 2.07]; risk difference, 1.4% [95% CI,
0.5% to 2.2%]).

This effect also was observed in the analysis of patients
grouped according to the first type of advanced airway man-
agement intervention received (193 of 4630 patients [4.2%] in
the supraglottic airway device group vs 58 of 2838 patients
[2.0%]in the tracheal intubation group; OR, 2.06 [95% CI, 1.51
to 2.81]; risk difference, 2.1% [95% CI, 1.2% to 2.9%)).

There was no interaction between randomization group
and either subgroup (Figure 3; Utstein comparator group vs Ut-
stein noncomparator group, P = .24; out-of-hospital cardiac ar-
rest witnessed by a paramedic vs not witnessed by a para-
medic, P = .24).
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Secondary Outcomes

The secondary outcomes appear in Table 2 and in eTable 5 in
Supplement 2. The supraglottic airway device treatment strat-
egy was significantly more successful in achieving ventila-
tion after up to 2 attempts (4255 of 4868 patients [87.4%] vs
3473 of 4397 patients [79.0%] with tracheal intubation; OR, 1.92
[95% CI, 1.66 to 2.22]; risk difference, 2.1% [95% CI, 1.2% to
2.9%]).

Two of the secondary outcomes (regurgitation and aspi-
ration) were not significantly different between groups at any
time before, during, or after advanced airway management.
Regurgitation occurred among 1268 of 4865 patients (26.1%)
in the supraglottic airway device group compared with 1072
of 4372 patients (24.5%) in the tracheal intubation group (OR,
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Figure 3. Forest Plot of Primary and Subgroup Analyses

No. of Patients/Total No.? Favors . Favors
Tracheal Supraglottic 0Odds Ratio Tracheal : Supraglottic
Intubation Airway Device (95% ClI) Intubation : Airway Device P Value
Primary analysis for modified Rankin Scale score® 300/4407 311/4882 0.92 (0.77-1.09) —B—— 33
Subgroup analysis
Utstein comparator® 154/697 177]764 1.04 (0.80-1.35) —_——
. .24d
Utstein noncomparator¢ 130/3658 123/4067 0.84 (0.65-1.09) ——
Out-of-hospital cardiac arrest witnessed by EMSe 87/556 76/607 0.78 (0.55-1.09) _— 240
Out-of-hospital cardiac arrest not witnessed by EMS® 212/3848 235/4271 0.98 (0.80-1.20) —— ’
Sensitivity analysis for primary outcomef 300/10741 311/11462 0.96 (0.81-1.14) + .63
i — !
0.5 1.0 2.0

0Odds Ratio (95% Cl)

The area of the squares is proportional to the number of patients included. The
odds ratios were estimated from a mixed-effects logistic regression model with
stratification factors fitted as fixed effects and study paramedic as a random
effect. The Wald test was used for the P value comparisons. Patients are
grouped by the randomization assignment of the first study paramedic on the
scene. A breakdown of the modified Rankin Scale scores in the form of
horizontally stacked bar charts appears in eFigure 2 in Supplement 2.

2 No. of patients with a modified Rankin Scale score in the range of O to 3 (good
outcome).

b There were missing data for 7 patients (3 in the tracheal intubation group and
4 in the supraglottic airway device group).

€ The Utstein comparator includes patients with an out-of-hospital cardiac

arrest with a likely cardiac cause that is witnessed and has an initial rhythm
amenable to defibrillation. For the Utstein comparator and noncomparator
analyses, there were missing data for 103 patients (52 in the tracheal
intubation group and 51in the supraglottic airway device group).

9Indicates a P value for interaction.

€ The not witnessed group includes all patients not witnessed by a study
paramedic. For the witnessed and not witnessed analyses, there were missing
data for 7 patients (3 in the tracheal intubation group and 4 in the supraglottic
airway device group).

f Includes patients treated by a study paramedic who were not resuscitated.
There were missing data for 4 patients (1in the tracheal intubation group and 3
in the supraglottic airway device group).

1.08[95% CI, 0.96 t0 1.20]; adjusted risk difference, 1.4% [95%
CL, -0.6% to 3.4%]). Aspiration occurred among 729 of 4824
patients (15.1%) in the supraglottic airway device group com-
pared with 647 of 4337 patients (14.9%) in the tracheal intu-
bation group (OR, 1.01[95% CI, 0.88 to 1.16]; adjusted risk dif-
ference, 0.1% [95% CI, -1.5% t0 1.8%]).

The median time to death was not significantly different
between the groups (67 minutes for the supraglottic airway de-
vice in 4871 patients vs 63 minutes for tracheal intubation in
4400 patients), and neither was the compression fraction in
avery small sample of 66 patients (median of 86% [interquar-
tile range, 81%-91%] in 34 patients for the supraglottic airway
device vs median of 83% [interquartile range, 74%-89%]in 32
patients for tracheal intubation (P = .14; eTable 6 in Supplement
2).

|
Discussion

In this pragmatic, multicenter, cluster RCT, no significant dif-
ference was found between tracheal intubation and the su-
praglottic airway device for the primary outcome of modified
Rankin Scale score (range, 0-3; good outcome) at hospital dis-
charge or 30 days after an out-of-hospital cardiac arrest for all
trial patients.

Patients with a short duration of cardiac arrest and who
receive bystander resuscitation, defibrillation, or both, are con-
siderably more likely to survive and are also less likely to re-
quire advanced airway management.?2 This problem of con-
founding by indication is an important limitation of many large
observational studies that show an association between ad-
vanced airway management and poor outcome in out-of-
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hospital cardiac arrest.?* This study found that 21.1% (360/
1704) of patients who did not receive advanced airway
management achieved a good outcome compared with 3.3%
(251/7576) of patients who received advanced airway manage-
ment.

Paramedics randomized to use tracheal intubation were
less likely to use advanced airway management than para-
medics randomized to use the supraglottic airway device. Tra-
cheal intubation is a more complex skill than supraglottic air-
way device insertion and requires 2 practitioners, additional
equipment, and good access to the patient’s airway?4; how-
ever, out-of-hospital cardiac arrest often occurs in locations
where patient access is challenging.

Tracheal intubation has been associated with potential
harms including unrecognized esophageal intubation, lengthy
pauses in chest compressions, and overventilation.?>?® No evi-
dence of a difference in compression fraction was found in a
small subsample of the enrolled patients, but the potential for
harm associated with tracheal intubation persists.

At the outset, it was expected that most patients with a fa-
vorable outcome would not receive advanced airway manage-
ment, and that some crossover would occur. For these rea-
sons, 2 exploratory sensitivity analyses were prespecified only
in patients who received advanced airway management, even
though these analyses are susceptible to bias.?”

Patients who received advanced airway management were
similar in the 2 groups (eTable 1 and eTable 2 in Supplement
2), and a strategy of using a supraglottic airway device first was
associated with better outcomes whenever advanced airway
management was undertaken by a trial paramedic (eTable 4);
however, the between-group difference was less than the pre-
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specified clinically important difference and less than the mini-
mally important difference of approximately 3% reported by
others.?®

The strategy of using a supraglottic airway device first also
achieved initial ventilation success more often. Although re-
gurgitation and aspiration occurred with similar frequency
overall, regurgitation and aspiration during or after advanced
airway management were significantly more common in the
supraglottic airway device group.

Conversely, patients in the tracheal intubation group were
significantly more likely to regurgitate and aspirate before ad-
vanced airway management, possibly due to less frequent use
of advanced techniques to secure the airway in this group and
the increased time required for tracheal intubation com-
pared with insertion of a supraglottic airway device.

A recent RCT of French and Belgian patients with out-of-
hospital cardiac arrest that compared bag-mask ventilation with
tracheal intubation delivered by physicians as part of an EMS
team proved inconclusive.?® To our knowledge, no RCT has
compared bag-mask ventilation with a supraglottic airway de-
vice in patients with out-of-hospital cardiac arrest.

Reported rates of ventilation and tracheal intubation suc-
cess have been higher in previous studies?°!; however, these
rates were based on selected populations and practitioners with
greater training and experience, including physicians. The cur-
rent study reflects both the reality of current paramedic prac-
tice in England, and the challenges of airway management in
a patient group for which regurgitation and poor airway ac-
cess are Common.

Any unintended loss of a previously established airway oc-
curred twice as frequently in the supraglottic airway device
group than in the tracheal intubation group. There are some
patients with cardiac arrest for whom effective ventilation can-
not be achieved with basic airway management techniques or
with a supraglottic airway device, and for whom tracheal in-
tubation may be the only way of achieving effective ventila-
tion.

The exact role of different advanced airway management
techniques in adults with out-of-hospital cardiac arrest, and
the associated implications for skill acquisition and mainte-
nance, remain to be determined.

Limitations
This study has several limitations. First, the trial population
included patients who did and did not receive advanced air-

Original Investigation Research

way management, and the use of advanced airway manage-
ment was greater among paramedics in the supraglottic air-
way device group compared with those in the tracheal
intubation group, which could result in confounding by
indication.??

Second, there was an imbalance in the number of pa-
tients in the 2 groups, probably due to unequal distribution of
asmall number of paramedics who recruited considerably more
patients than the average; however, it was not possible to
stratify for this because these individuals could not be iden-
tified in advance.

Third, there was crossover between groups, which was in-
evitable on practical and ethical grounds.

Fourth, although other elements of care (eg, initial basic
airway management and subsequent on-scene and in-
hospital care, such as targeted temperature management and
access to angiography) followed established guidelines, be-
tween-group differences in these factors could have influ-
enced the findings.

Fifth, the participating paramedics were volunteers, and
their airway skills may not be representative of those who chose
not to participate in the study.

Sixth, the findings are applicable to use of the particular
supraglottic airway device in countries with similar EMS pro-
vision to England. Paramedics treat most out-of-hospital car-
diac arrests in England.

The findings may not be applicable in countries with phy-
sician-led EMS provision or to another supraglottic airway de-
vice that may have different characteristics. However, the prin-
ciples underpinning the insertion and function of all
supraglottic airway devices are similar.

. |
Conclusions

Among patients with out-of-hospital cardiac arrest, random-
ization to a strategy of advanced airway management with a
supraglottic airway device compared with tracheal intuba-
tion did not result in a favorable functional outcome at 30 days.
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