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1 | INTRODUCTION

Airway management is a core element of resuscitation from car-
diopulmonary arrest. In the hospital setting, healthcare practitioners
commonly perform the advanced technique of endotracheal intu-
bation (ETI) during cardiac arrest resuscitation in the belief that it
provides a direct conduit to the lungs, aids in controlling ventilation
and oxygenation, and protects the airway from aspiration. Recognizing
that cardiac arrest often occurs outside the hospital, clinical leaders
have sought to improve cardiac arrest outcomes by training and equip-
ping paramedics to perform ETI during out-of-hospital cardiac arrest
(OHCA).1™> In countries with advanced emergency medical services
(EMS) systems such as the United States and the United Kingdom, ETI
has been the most common approach to advanced airway management
in OHCA for over 40 years.

Numerous studies have questioned the role, safety, and effective-
ness of ETI in out-of-hospital care.! Recent clinical trials—the first
ever to randomize advanced airway technique in adult OHCA—have

provided new information and perspectives to guide clinical resuscita-
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Airway management is an important intervention during resuscitation of out-of-
hospital cardiac arrest (OHCA). Endotracheal intubation is commonly used by emer-
gency medical services paramedics in the advanced airway management of OHCA,
but numerous studies question its safety and effectiveness. Furthermore, there is now
increasing use of supraglottic airway devices. In this review, we provide an overview
of 3 recent randomized clinical trials of advanced airway management (Pragmatic Air-
way Resuscitation Trial [PART], AIRWAYS-2, and Cardiac Arrest Airway Management
[CAAM]) and highlight new information that is available to guide OHCA airway man-

tion practice. In this paper, we summarize the rationale for, results of,
and lessons from the Pragmatic Airway Resuscitation Trial (PART), the
AIRWAYS-2 trial, and the Cardiac Arrest Airway Management (CAAM)

trial 6-8

2 | PITFALLS AND CHALLENGES OF
OUT-OF-HOSPITAL ENDOTRACHEAL
INTUBATION

ETI is a complex procedure entailing over 100 separate manual or
cognitive steps.” Studies of paramedic ETI in both OHCA and non-
OHCA cohorts highlight the pitfalls of the intervention. Katz and Falk
systematically examined 108 paramedic-placed endotracheal tubes in
patients arriving at the emergency department (ED), finding 25% of
the tubes misplaced; two-thirds were in the esophagus.1© First-pass
intubation success is considered an important goal in ETI, but in a
series of 1272 OHCA ETI in Pennsylvania, first pass-success was only
70%.11
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ETI may also interfere or interact with the multiple simultane-
ous interventions that occur during resuscitation such as chest
compressions, ventilations, defibrillation, vascular access, and drug
administration. For example, in OHCA patients treated in Milwaukee,
Aufderheide et al. showed that ETI was associated with inadvertent
hyperventilation, leading to increased intrathoracic pressure, reduced
cardiac preload, and decreased coronary perfusion pressure during
OHCA.22 |n a series of 100 OHCA patients in Pittsburgh, state-of-the-
art chest compression detection technology revealed that ETI efforts
resulted in at least 2 chest compression interruptions per patient, with
the median duration of interruptions totaling over 109 seconds per
patient.13

In the United States and United Kingdom, opportunities for
paramedic acquisition and maintenance of ETI proficiency are limited.
Current US national paramedic training standards recommend—but do
not require—ETI training on live patients.24 Although the operating
room offers a venue for learning ETl under controlled conditions, these
opportunities are extremely limited, with paramedic students often
receiving only 16-32 hours of training in this setting.1> In addition,
multiple barriers often hinder this experience, including the increas-
ing operating room use of supraglottic airway (SGA) devices, competi-
tion from other trainees (eg, medical students, nurse anesthetists, and
respiratory therapy students), and increasing medicolegal concerns.
In clinical practice, many paramedics perform few ETI procedures. In
2003, Pennsylvania paramedics performed a median of 1 (interquar-
tile range [IQR] 0-2) ETI procedures.é Similar results were found for
paramedics in the United Kingdom in 2007.17

3 | SUPRAGLOTTIC AIRWAYS AS AN
ALTERNATIVE TO ENDOTRACHEAL
INTUBATION

SGA devices include airway devices such as the esophageal-tracheal
combitube (Combitube), laryngeal mask airway (LMA), laryngeal tube
(LT), and i-gel, among others.18 Historically, SGA devices were devel-
oped for use in the operating room. Prior to the availability of
paramedic ETI, there was limited experience with paramedic use of
the Combitube and other early SGA devices.1?20 With the widespread
practice of paramedic ETI, SGA devices were generally relegated to a
rescue role after failed intubation efforts.

Pioneering work from Arizona demonstrating the benefit of contin-
uous and minimally interrupted cardiopulmonary resuscitation (CPR)
chest compressions resulted in a resurgence of interest in SGA
devices.2! Given the difficulty of ETI, many EMS agencies resorted to
the simpler strategy of SGA insertion to avoid chest compression inter-
ruptions during OHCA. Some EMS agencies found that SGA techniques
were sufficiently straightforward to allow basic life support rescuers to
insert these devices, providing an alternative to bag valve mask (BVM)
ventilation.2223

Compared with ETIl, SGA devices have a simpler insertion tech-
nique and a lower training burden while facilitating ventilation
characteristics similar to ETI. Given these factors, one would anticipate

better OHCA outcomes with a SGA when compared to ETI insertion.
However, analyses of observational data have found better outcomes
with ETI than SGA. In an analysis of 10,455 OHCA in the Resuscitation
Outcomes Consortium (ROC), ETI was associated with higher odds of
a return of spontaneous circulation (ROSC) (odds ratio [OR] 1.78; 95%
confidence interval [Cl]: 1.54 to 2.04), 24-hour survival (1.74; 1.49 to
2.04), and hospital discharge with favorable neurologic status (1.40;
1.04 to 1.89) than SGA.24 In an analysis of 10,691 OHCA from the
Cardiac Arrest Registry to Enhance Survival (CARES), ETl was similarly
associated with higher odds of an ROSC (OR 1.35; 95% Cl: 1.19 to
1.54), hospital survival (1.41; 1.14 to 1.76), and hospital discharge with
favorable neurologic status (1.44; 1.10 to 1.88) than SGA.25 In Benoit
et al.’s meta-analysis of 10 observational studies including 34,533
patients with OHCA, ETI was associated with higher odds of hospital
discharge with favorable neurologic status (OR 1.33; 95% Cl: 1.09 to
1.61) when compared to SGA.2¢

An important limitation of these observational studies is the influ-
ence of confounding-by-indication. Factors potentially influencing
paramedic airway choice may have included the patient’s condition,
airway anatomy, perceived difficulty of airway management, or prac-
titioner airway skill or comfort with specific airway techniques, among
others. Even with the use of advanced analytic techniques such as mul-
tivariable adjustment and propensity score matching, it is difficult to
fully account for the influence of confounding-by-indication, because
many confounders may be unknown or unmeasurable.2” Thus, random-
ization is the optimal approach for testing outcomes between different
OHCA airway management techniques.

4 | CLINICAL TRIALS OF ENDOTRACHEAL
INTUBATION IN OUT-OF-HOSPITAL
CARDIAC ARREST

Motivated by the prominence of airway management during OHCA,
the uncertainsafety of ETI, and the unclear effectiveness of SGA strate-
gies, 3recent multicenter clinical trials (the first ever of airway manage-
ment techniques in adult OHCA) tested the effectiveness of ETI in the
resuscitation of OHCA patients (Table 1).

4.1 | The Pragmatic Airway Resuscitation Trial

The Pragmatic Airway Resuscitation Trial (PART) involved 27 US
advanced life support EMS agencies from the Birmingham (Alabama),
Dallas-Fort Worth, Milwaukee, Pittsburgh, and Portland (Oregon) sites
of the ROC.¢ The trial included adult OHCA patients who required
BVM ventilation or advanced airway insertion. The trial tested 2 air-
way strategies: (1) initial airway management with the LT, or (2) initial
airway management with ETI. EMS personnel were permitted to use
any available airway technique to rescue failed initial airway efforts.
Basic life support personnel that possessed existing LT insertion skills
performed LT when the agency was assigned to the LT arm and BVM
ventilation when the agency was assigned to the ETl arm. The 27 EMS



% | WILEY

WANG anp BENGER

TABLE 1 Characteristics of the Pragmatic Airway Resuscitation Trial (PART), the AIRWAYS-2 trial, and the Cardiac Arrest Airway

Management (CAAM) trial

Characteristic
Setting

Patients

Comparisons

Practitioners

Total enrollment
Design

Method of randomization

Primary outcome

Patients not receiving any

of study interventions

Primary finding

Important secondary
findings

PART
United States

Adult (>18 years) OHCA
requiring BVM or advanced
airway management

Laryngeal tube versus
endotracheal intubation

Paramedics, select emergency
medical technicians

3004
Superiority

Cluster randomization with
cross-over. Randomization
units defined by EMS agencies

72-hour survival

~12%?

LT superior to ETI (72-hour
survival LT 18.3% versus ETI
15.4%, difference 2.9% (95%
Cl:0.2-5.6), P=0.04

Shorter EMS-to-airway time in LT
than TI. Low airway insertion
success rate in the ETI arm
(51.6%).

Allocation imbalance in select
randomization clusters.

AIRWAYS-2
United Kingdom
All adult (>18 years) OHCA

i-gel versus endotracheal intubation

Paramedics

9296
Superiority

Cluster randomization without
cross-over. Randomized by
individual paramedic

Hospital survival with favorable
functional status

~18%P

No difference between i-gel and ETI
(hospital survival with favorable
functional outcome i-gel 6.4%
versus ETI 6.8%, OR 0.92% (95%
Cl:0.77-1.09), P=0.33)

Differential use of advanced airway
management between groups.

Superior initial ventilation success
with i-gel.

No difference in regurgitation and
aspiration between
randomization groups.

CAAM
France, Belgium

All adult (>18 years) OHCA

Bag-valve-mask ventilation versus
endotracheal intubation

Physicians, nurses, paramedics

2043
Non-inferiority

Randomization by
patient—assignment determined
by sealed opaque envelopes

28-day survival with favorable
neurologic status

~0.7%¢

Inconclusive (28-day survival with
favorable neurologic status BVM
4.3% versus ET1 4.2%, difference
0.11% (one-sided 97.5% Cl: —1.64
to 0), non-inferiority P=0.11)

BVM associated with more difficult
ventilation and higher aspiration.

2Patients who did not receive ETl or LT.
bPatients who did not receive ETl or i-gel.
¢Patients who did not receive ETl or BVM.

agencies were organized into 13 randomization clusters that alter-
nated airway assignments at predefined 3- to 5-month intervals. All
other aspects of OHCA care followed local protocol.

The primary outcome of PART was 72-hour survival, an endpoint
that was selected because of the limited funding available for the
study and the lower required sample size. This time interval also
accounted for the common use of therapeutic hypothermia, percuta-
neous coronary intervention, and delayed withdrawal of care in current
post-OHCA management in the United States. The trial also assessed
survival to hospital discharge and hospital survival with good func-
tional status (Modified Rankin Scale [MRS] <3) as secondary outcomes.
Patient enrollment occurred between December 2015 and October
2017.

Of 3004 enrolled patients, 3000 were included in the analysis. PART
found that the strategy of initial LT resulted in higher 72-hour sur-
vival than a strategy of initial ETI; 18.3% versus 15.4%, difference 2.9%
(95% Cl: 0.2-5.6), P = 0.04. Although the study was powered to detect
differences in 72-hour survival, the observed treatment effects per-
sisted for survival to hospital discharge (LT 10.8% versus ETI 8.1%,

difference 2.7% (95% ClI: 0.6%-4.8%), P = 0.01) and hospital survival
with favorable neurologic status (LT 7.1% versus ETI 5.0%, difference
2.1% (95% Cl: 0.3%-3.8%), P = 0.02. These results suggested bet-
ter overall OHCA outcomes with a strategy of initial LT than initial
ETI.

There were several important secondary findings and limitations in
PART. Elapsed time from EMS arrival to airway start was almost 3 min-
utes shorter with LT than ETI (median 9.8 versus 12.5 minutes), sup-
porting the hypothesis that LT is more efficient than TI. The intubation
success rate in the ETl arm was 51.6%, a figure below that reported by
meta-analyses (91.2%).28 However, the majority of these cases were
successfully rescued by LT, resulting in an overall airway success rate
of 91.5% in the ETI arm. Although the exact reasons for the lower ETI
success rate were not clear, the observations were consistent with the
common practice of limiting futile ETI efforts and favoring early res-
cue LT use. There were also imbalances in treatment allocation within
select randomization clusters; post hoc multivariable adjustment to
account for these imbalances attenuated some of observed associa-
tions between LT and OHCA outcomes.
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4.2 | AIRWAYS-2 trial

Conducted in the United Kingdom, the AIRWAYS-2 trial included 4
advanced life support EMS agencies serving a population of over 21
million people.” In contrast to PART, AIRWAYS-2 included all adult non-
traumatic OHCA patients; not just those requiring BVM or advanced
airway management. The trial tested initial airway management using
(1) i-gel, or (2) ETI. Unlike PART, AIRWAYS-2 cluster randomized by
paramedic. The study solicited paramedic participation in the trial,
randomizing each of the 1523 participating paramedics to either the
i-gel or ETI strategy for the duration of the trial. Paramedics did not
cross over to the alternate treatment arm. All other aspects of OHCA
care and subsequent in-hospital management followed local protocols.
The trial was powered to detect differences in hospital survival with
favorable functional outcome (MRS score <3; a secondary outcome in
PART). Patient enrollment occurred between June 2015 and August
2017.

AIRWAYS-2 enrolled a total of 9296 patients. The trial observed
no difference in the primary outcome of hospital survival with favor-
able functional outcome; i-gel 6.4% versus ETI 6.8%, OR 0.92% (95%
Cl: 0.77-1.09), P = 0.33. The study similarly observed no difference in
survival (i-gel 8.0% versus ETI 8.4%). Overall, these results suggested
no differences in outcome between the i-gel and ETI treatment groups.

Animportant limitation of AIRWAYS-2 was that approximately 18%
of patients (22% of ETI, 15% of i-gel) did not receive advanced airway
management (neither i-gel nor ETI attempts). This figure was higher
than the 12% BVM-only rate observed in PART because AIRWAYS-2
included all OHCA, not just those requiring BVM or advanced airway
management. The possibility that advanced airway management tech-
niques would not be used was a recognized possibility in both stud-
ies, reflecting clinical scenarios with early ED arrival, early ROSC, or
where EMS personnel felt that ventilation was adequate with BVM
alone. However, to avoid the possibility of selection bias by unblinded
paramedics, AIRWAYS-2 included all OHCA patients, whereas PART
included only those patients who received BVM or were anticipated to
require advanced airway management. This may explain the difference
in the use of advanced airway management between the 2 studies.

In AIRWAYS-2, the investigators conducted a pre-specified sensi-
tivity analysis limited to the 7576 patients who received i-gel or ETI,
finding better hospital survival with favorable functional outcome in
the i-gel than the ETI arm (3.9% versus 2.6%,; difference 1.4%, 95% Cl:
0.5%-2.2%). This finding is limited by its exploratory nature and is likely
to be explained by selection bias given the differential use of advanced
airway techniques between the 2 randomization groups. However, ini-
tial ventilation success (up to 2 attempts) was significantly better in the
i-gel group (87% versus 79.0%; difference 8.3%, 95% Cl: 6.3%-10.2%).

4.3 | The Cardiac Arrest Airway Management trial

Although the PART and AIRWAYS-2 trials compared ETI with SGA
insertion, a more fundamental question is whether ETI demonstrates
any benefit over the more basic technique of BVM ventilation. Using
data from approximately 650,000 patients with OHCA recorded in the

all-Japan Utstein registry, Hasegawa et al. found that advanced airway
management was associated with lower 30-day favorable neurologic
status than BVM ventilation (1.1% versus 2.9%; adjusted OR 0.38; 95%
Cl1:0.37-0.40).2? The Cardiac Arrest Airway Management (CAAM) trial
compared the effects of ETI and BVM ventilation on OHCA outcomes.®

CAAM included 20 EMS ambulance base stations in France and
Belgium, each with one or more mobile intensive care Service d’Aide
Médicale Urgente (SAMU) units. In contrast to the United States
and the United Kingdom, the French and Belgium SAMU units are
typically staffed by an anesthetist or emergency physician, a nurse,
and an ambulance driver. Adult patients with OHCA were random-
ized to receive either ETI or BVM ventilation, with randomization
assignment determined on an individual basis by sealed opaque
envelopes. All patients achieving ROSC subsequently received ETI.
The primary outcome was 28-day survival with favorable neurologic
status (Glasgow-Pittsburgh Cerebral Performance Category <2).
Unlike PART and AIRWAYS-2, CAAM used a non-inferiority design,
with the non-inferiority margin set at 1% (non-inferiority present if
BVM outcome no more than 1% lower than ETI). The trial enrolled sub-
jects between March 2015 and January 2017.

CAAM enrolled a total of 2000 patients. BVM showed slightly
higher 28-day favorable neurologic status than ETI; 4.3% versus 4.2%;
difference 0.11% (one-sided 97.5% Cl: —1.64% to 0). However, the
study could not demonstrate the non-inferiority of BVM compared
with ETI (non-inferiority P = 0.11). There were no discernable differ-
ences in survival to hospital admission or 28-day survival.

There were 2 notable secondary findings in CAAM. With intubation
difficulty defined as an Intubation Difficulty Scale >5 and BVM diffi-
culty defined by Han scale >2, EMS physicians reported greater airway
management difficulty in the BVM than the ETI group; 18.1% versus
13.4%, difference 4.6% (95% Cl: 2.8%-6.4%), P < 0.001.39 Reported
regurgitation of gastric contents was higher in the BVM than the ETI
group; 15.2% versus 7.5%, difference 7.7% (95% Cl: 4.9%-10.4%), P <
0.001. It is also worth noting that SAMU arrival may occur relatively
late in cardiac arrest, limiting the scope for these airway interventions

to influence patient outcome.

5 | IMPLICATIONS FOR CLINICAL PRACTICE

The interpretation and clinical application of the findings of PART,
AIRWAYS-2, and CAAM present important challenges. PART suggests
that the use of an SGA device (in this case, LT) could be the strategy
of choice for all EMS providers in the resuscitation of patients with
OHCA. The larger AIRWAYS-2 trial partially supports this interpreta-
tion, with the primary outcome suggesting that ETI offers no clinical
advantage over the i-gel SGA. The CAAM trial does not suggest a ben-
efit for ETI over BVM. Therefore, none of these 3 randomized trials—
the best evidence available to date regarding advanced airway man-
agement in adult OHCA—indicate clinical advantages for ETI over SGA
or BVMin adult OHCA. Given these findings, the complexity of ETl and
the significant resource investment needed for paramedics to attain
and maintain ETI proficiency, one might expect clinical practice to shift
from ETI to primary SGA use in OHCA resuscitation.
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However, some EMS medical directors and clinicians may take a
contrasting view. Critics highlight the low ETI success rate of PART,
noting that these figures do not reflect typical paramedic ETI practice,
and suggest that OHCA outcomes may have been different with better
paramedic ETI skills. These individuals may also view the absence of a
difference between i-gel and ETI in AIRWAYS-2 as evidence that “ETI
is not harmful” compared with the i-gel SGA. Another consideration is
that over two-thirds of ETI by EMS personnel occurs in OHCA; replace-
ment of OHCA ETI with SGA would significantly diminish paramedic
clinical ETI experience, potentially undermining the ability to perform
ETI in other patients and to undertake laryngoscopy for other reasons
(eg, removal of a foreign body in the upper airway).3! There will also be
some adult patients in OHCA for whom neither BVM nor a SGA will
achieve effective ventilation. These collective factors may lead some
EMS agencies—especially those with strong ETI training resources and
a workforce that favors ETI—to maintain the practice of ETl in OHCA
resuscitation.

Although some experts have proposed BVM as a preferred
approach over both ETI and SGA, CAAM found higher rates of air-
way management difficulty and regurgitation with BVM, diminishing
its appeal in clinical practice. PART and AIRWAYS-2 did not incorpo-
rate a BVM-only arm because of paramedic reluctance to use BVM
alone; EMS personnel viewed BVM as difficult and impractical in the
setting of a patient with OHCA, distracting providers from other resus-
citation priorities. The findings of CAAM support these perspectives.
Although CAAM'’s non-inferiority design led to an uninterpretable
result, a repeat of the trial is unlikely given its important secondary
findings.

6 | UNANSWERED QUESTIONS

Despite the scale of the 3 trials, important scientific questions remain.
PART, AIRWAYS-2, and CAAM evaluated different airway devices;
there has been only 1 direct randomized comparison between differ-
ent SGA devices (eg, LT, i-gel, or LMA), and none between SGA and BVM
in randomized clinical trials enrolling adult OHCA patients.32 There is
also limited information regarding the influence of airway management
technique on chest compression continuity. AIRWAYS-2 and CAAM
collected CPR process data on very few patients (n = 66 and 115,
respectively), and PART lacked sufficient resources to support CPR
process data collection and analysis.

Although widely used in clinical practice, there are relatively few
large reports of adverse events associated with out-of-hospital SGA
use.33 In a porcine model of OHCA, Segal et al. showed that advanced
airway devices—including ET tubes, LT, LMA, and Combitube—resulted
in a reduction of carotid blood flow; these findings are potentially
important but have yet to be confirmed in human cardiac arrests.3 If
SGA devices are broadly adopted into practice, continued surveillance
for adverse events will be essential.

Although critics suspect the low ETI success rate of PART may have
reduced survival in the ETI arm, this mediating relationship has yet
to be verified. Portable video laryngoscopy (VL) is now broadly avail-
able in the out-of-hospital setting and could ease intubation efforts.

Widespread availability of VL could alter the perceived tradeoffs
between ETI and SGA, but any impact on OHCA outcomes would
merit formal evaluation.32 The technique of passive ventilation (high
flow oxygen by face-mask only, without BVM or advanced airway) was
demonstrated in Arizona’s implementation of minimally interrupted
CPR; while potentially circumventing all issues with advanced airway
management, this technique has yet to be tested in a randomized
fashion.2!

Whereas PART, AIRWAYS-2, and CAAM focused on adult OHCA,
other important patient groups include those with trauma (both trau-
matic brain injury and hemorrhagic shock) and medical non-arrest con-
ditions such as acute pulmonary edema, seizures, and drug overdoses.
The multicenter Prehospital Airway Control in Trauma (PACT) trial of
the Linking Investigations in Trauma and Emergency Services (LITES)
network will soon compare ETl versus i-gel insertion in major trauma.3°
Furthermore, PART, AIRWAYS-2, and CAAM all focused on adults.
Gausche et al.’s landmark trial of ETI versus BVM in children occurred
20 years ago, combined all disease conditions, and did not include SGA
devices, which are now available in pediatric sizes.3¢ A contemporary
pediatric airway management trial should compare the effectiveness
of ETI, SGA, and BVM, and should stratify by medical condition (eg, car-
diac arrest, medical non-arrest, trauma).

In conclusion, airway management is an essential component of
OHCA resuscitation. The PART, AIRWAYS-2, and CAAM trials provide
vital new information to inform the practice of airway management in
patients with OHCA, but important questions remain.

ACKNOWLEDGMENTS

Dr. Wang received support for the Pragmatic Airway Resuscitation
Trial (PART) from award UH2/UH3-HL-125163 from the National
Heart, Lung and Blood Institute. Dr. Benger is a National Institute for
Health Research (NIHR) Senior Investigator and was the Chief Inves-
tigator for the AIRWAYS-2 trial that was funded by the NIHR Health
Technology Assessment (HTA) Program (project number 12/167/102).
The views and opinions expressed in this paper are those of the authors
and do not necessarily reflect those of the HTA, NIHR, NHS, or the UK
Department of Health and Social Care.

AUTHOR CONTRIBUTIONS
HEW conceived the paper and drafted the manuscript. HEW and JRB
contributed critical review and revision. HEW assumes overall respon-

sibility for the paper.

CONFLICTS OF INTEREST

The authors have no conflict of interest to disclose.

ORCID
Henry E. Wang MD, MS
Jonathan R. Benger MD

https://orcid.org/0000-0002-4738-0093
https://orcid.org/0000-0001-6131-0916

REFERENCES
1. Wang HE, Yealy DM. Out-of-hospital endotracheal intubation: where
are we? Ann Emerg Med. 2006;47:532-541.

2. Deleo BC. Endotracheal intubation by rescue squad personnel. Heart
Lung. 1977;6:851-854.


https://orcid.org/0000-0002-4738-0093
https://orcid.org/0000-0002-4738-0093
https://orcid.org/0000-0001-6131-0916
https://orcid.org/0000-0001-6131-0916

WANG anp BENGER

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Guss DA, Posluszny M. Paramedic orotracheal intubation: a feasibility

study. Am J Emerg Med. 1984;2:399-401.

. Stewart RD, Paris PM, Winter PM, Pelton GH, Cannon GM. Field endo-

tracheal intubation by paramedical personnel. Success rates and com-
plications. Chest. 1984;85:341-345.

. Jacobs LM, Berrizbeitia LD, Bennett B, Madigan C. Endotracheal intu-

bation in the prehospital phase of emergency medical care. JAMA.
1983;250:2175-2177.

. Wang HE, Schmicker RH, Daya MR, et al. Effect of a strategy of initial

laryngeal tube insertion vs endotracheal intubation on 72-hour sur-
vival in adults with out-of-hospital cardiac arrest: a randomized clinical
trial. JAMA. 2018;320:769-778.

. Benger JR, Kirby K, Black S, et al. Effect of a strategy of a supra-

glottic airway device vs tracheal intubation during out-of-hospital car-
diacarrest on functional outcome: the AIRWAYS-2 randomized clinical
trial. JAMA. 2018;320:779-791.

. Jabre P, Penaloza A, Pinero D, et al. Effect of bag-mask ventilation vs

endotracheal intubation during cardiopulmonary resuscitation on neu-
rological outcome after out-of-hospital cardiorespiratory arrest: a ran-
domized clinical trial. JAMA. 2018;319:779-787.

. Wang HE, Kupas DF, Greenwood MJ, et al. An algorithmic approach to

prehospital airway management. Prehosp Emerg Care. 2005;9:145-155.
Katz SH, Falk JL. Misplaced endotracheal tubes by paramedics
in an urban emergency medical services system. Ann Emerg Med.
2001;37:32-37.

Wang HE, Yealy DM. How many attempts are required to accom-
plish out-of-hospital endotracheal intubation? Acad Emerg Med.
2006;13:372-377.

Aufderheide TP, Lurie KG. Death by hyperventilation: a common and
life-threatening problem during cardiopulmonary resuscitation. Crit
Care Med. 2004;32:5345-S351.

Wang HE, Simeone SJ, Weaver MD, Callaway CW. Interruptions in car-
diopulmonary resuscitation from paramedic endotracheal intubation.
Ann Emerg Med. 2009;54:645-652.e1.

Committee on Accreditation of Educational Programs for the
Emergency Medical Services Personnel. Standards and Guide-
lines. Airway Management. Available at https://coaemsp.org/caahep-
standards-and-guidelines#3. Accessed November 28, 2019.

Johnston BD, Seitz SR, Wang HE. Limited opportunities for paramedic
student endotracheal intubation training in the operating room. Acad
Emerg Med. 2006;13:1051-1055.

Wang HE, Kupas DF, Hostler D, Cooney R, Yealy DM, Lave JR. Procedu-
ral experience with out-of-hospital endotracheal intubation. Crit Care
Med. 2005;33:1718-1721.

Deakin CD, King P, Thompson F. Prehospital advanced airway manage-
ment by ambulance technicians and paramedics: is clinical practice suf-
ficient to maintain skills? Emerg Med J. 2009;26:888-891.

Ostermayer DG, Gausche-Hill M. Supraglottic airways: the history
and current state of prehospital airway adjuncts. Prehosp Emerg Care.
2014;18:106-115.

Atherton GL, Johnson JC. Ability of paramedics to use the Combitube
in prehospital cardiac arrest. Ann Emerg Med. 1993;22:1263-1268.
Rumball CJ, MacDonald D. The PTL, Combitube, laryngeal mask, and
oral airway: arandomized prehospital comparative study of ventilatory
device effectiveness and cost-effectiveness in 470 cases of cardiores-
piratory arrest. Prehosp Emerg Care. 1997;1:1-10.

Bobrow BJ, Clark LL, Ewy GA, et al. Minimally interrupted cardiac
resuscitation by emergency medical services for out-of-hospital car-
diac arrest. JAMA. 2008;299:1158-1165.

Ochs M, Vilke GM, Chan TC, Moats T, Buchanan J. Successful prehospi-
tal airway management by EMT-Ds using the combitube. Prehosp Emerg
Care. 2000;4:333-337.

Gahan K, Studnek JR, Vandeventer S. King LT-D use by urban basic
life support first responders as the primary airway device for out-of-
hospital cardiac arrest. Resuscitation. 2011;82:1525-1528.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Wang HE, Szydlo D, Stouffer JA, et al. Endotracheal intubation versus
supraglottic airway insertion in out-of-hospital cardiac arrest. Resusci-
tation. 2012;83:1061-1066.

McMullan J, Gerecht R, Bonomo J, et al. Airway management and out-
of-hospital cardiac arrest outcome in the CARES registry. Resuscitation.
2014;85:617-622.

Benoit JL, Gerecht RB, Steuerwald MT, McMullan JT. Endotra-
cheal intubation versus supraglottic airway placement in out-of-
hospital cardiac arrest: a meta-analysis. Resuscitation. 2015;93:
20-26.

Guo S, Fraser MW. Propensity Score Analysis: Statistical Methods and
Applications. 2nd ed. Los Angeles, CA: Sage; 2015.

Hubble MW, Brown L, Wilfong DA, Hertelendy A, Benner RW,
Richards ME. A meta-analysis of prehospital airway control techniques
part I: orotracheal and nasotracheal intubation success rates. Prehosp
Emerg Care. 2010;14:377-401.

Hasegawa K, Hiraide A, Chang Y, Brown DF. Association of prehospital
advanced airway management with neurologic outcome and survival
in patients with out-of-hospital cardiac arrest. JAMA. 2013;309:257-
266.

Han R, Tremper KK, Kheterpal S, O'Reilly M. Grading scale for mask
ventilation. Anesthesiology. 2004;101:267.

Hilton MT, Wayne M, Martin-Gill C. Impact of system-wide King LT
airway implementation on orotracheal intubation. Prehosp Emerg Care.
2016;20:570-577.

Benger J, Coates D, Davies S, et al. Randomised comparison of the
effectiveness of the laryngeal mask airway supreme, i-gel and current
practice in the initial airway management of out of hospital cardiac
arrest: a feasibility study. Br J Anaesth. 2016;116:262-268.

Schalk R, Seeger FH, Mutlak H, et al. Complications associated with
the prehospital use of laryngeal tubes-a systematic analysis of risk
factors and strategies for prevention. Resuscitation. 2014;85:1629-
1632.

Segal N, Yannopoulos D, Mahoney BD, et al. Impairment of carotid
artery blood flow by supraglottic airway use in a swine model of car-
diac arrest. Resuscitation. 2012;83:1025-1030.

LITES. PACT EFIC. Prehospital Airway Control Trial. Available at
https://www.litesnetwork.org/pact-efic/. Accessed November 28,
2019.

Gausche M, Lewis RJ, Stratton SJ, et al. Effect of out-of-hospital pedi-
atric endotracheal intubation on survival and neurological outcome: a
controlled clinical trial. JAMA. 2000;283:783-790.

AUTHOR BIOGRAPHY

Dr. Wang is Professor and Vice Chair
for Research of the Department of Emer-
gency Medicine at the University of Texas
Health Science Center at Houston. He is
the Editor in Chief of JACEP Open.

How to cite this article: Wang HE, Benger JR. Endotracheal
intubation during out-of-hospital cardiac arrest: New insights
from recent clinical trials. JACEP Open. 2020;1:24-29.
https://doi.org/10.1002/emp2.12003



https://coaemsp.org/caahep-standards-and-guidelines\0433
https://coaemsp.org/caahep-standards-and-guidelines\0433
https://www.litesnetwork.org/pact-efic/
https://doi.org/10.1002/emp2.12003

