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A META-ANALYSIS OF PREHOSPITAL AIRWAY CONTROL TECHNIQUES PART II:
ALTERNATIVE AIRWAY DEVICES AND CRICOTHYROTOMY SUCCESS RATES

Michael W. Hubble, PhD, NREMT-P, Denise A. Wilfong, PhD, NREMT-P, Lawrence H. Brown,
MPH&TM, Attila Hertelendy, NREMT-P, Randall W. Benner, MEd, NREMT-P

ABSTRACT

Background. Airway management is a key component of
prehospital care for seriously ill and injured patients. Oral
endotracheal intubation (OETI) is the definitive airway of
choice in most emergency medical services (EMS) systems.
However, OETI may not be an approved skill for some clini-
cians or may prove problematic in certain patients because of
anatomic abnormalities, trauma, or inadequate relaxation. In
these situations alternative airways are frequently employed.
However, the reported success rates for these devices vary
widely, and established benchmarks are lacking. Objective.
We sought to determine pooled estimates of the success rates
of alternative airway devices (AADs) and needle cricothyro-
tomy (NCRIC) and surgical cricothyrotomy (SCRIC) place-
ment through a meta-analysis of the literature. Methods.
We performed a systematic literature search for all English-
language articles reporting success rates for AADs, SCRIC,
and NCRIC. Studies of field procedures performed by pre-
hospital personnel from any nation were included. All titles
were reviewed independently by two authors using pre-
specified inclusion criteria. Pooled estimates of success rates
for each airway technique were calculated using a random-
effects meta-analysis model. Results. Of 2,005 prehospital
airway titles identified, 35 unique studies were retained
for analysis of AAD success rates, encompassing a total
of 10,172 prehospital patients. The success rates for SCRIC
and NCRIC were analyzed across an additional 21 studies
totaling 512 patients. The pooled estimates (and 95% confi-
dence intervals [CIs]) for intervention success across all clin-
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icians and patients were as follows: esophageal obturator
airway-esophageal gastric tube airway (EOA-EGTA) 92.6%
(90.1%-94.5%); pharyngeotracheal lumen airway (PTLA)
82.1% (74.0%-88.0%); esophageal-tracheal Combitube (ETC)
85.4% (77.3%-91.0%); laryngeal mask airway (LMA) 87.4%
(79.0%-92.8%); King Laryngeal Tube airway (King LT) 96.5%
(71.2%-99.7%); NCRIC 65.8% (42.3%-83.59%); and SCRIC
90.5% (84.8%-94.2%). Conclusions. We provide pooled esti-
mates for prehospital AAD, NCRIC, and SCRIC airway in-
terventions. Of the AADs, the King LT demonstrated the
highest insertion success rate (96.5%), although this estimate
is based on limited data, and data regarding its ventilatory
effectiveness are lacking; more data are available for the ETC
and LMA. The ETC, LMA, and PTLA all had similar—but
lower—success rates (82.1%-87.4%). NCRIC has a low rate
of success (65.8%); SCRIC has a much higher success rate
(90.5%) and should be considered the preferred percuta-
neous rescue airway. Key words: EMS; paramedic; prehospi-
tal; cricothyrotomy; airway management; alternative airway
devices
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INTRODUCTION

Appropriate and effective airway management is fun-
damental in the prehospital resuscitation of critically ill
and injured patients, and failure to establish a patent
airway in the field is associated with negative out-
comes in some patients.!> The preference for oral
endotracheal intubation (OETI) is predicated on the
notion that a cuffed endotracheal tube will protect the
lungs from aspiration and provide a means for ef-
fective ventilation of the lungs. However, the safety
and efficacy profile of prehospital OETI has been chal-
lenged in the last decade, ™ and a meta-analysis of
the published literature suggests suboptimal prehos-
pital OETI placement success rates when performed
by nonphysician clinicians in certain patient groups.®
Furthermore, OETI may not be an approved skill for
some clinicians.

In the absence of personnel qualified to perform
OET]I, or if OETI proves problematic, alternative air-
ways are frequently employed. The most common
airway devices used either as an alternative primary
airway or as a rescue airway when OETI fails include
the following: esophageal obturator airway (EOA);
esophageal gastric tube airway (EGTA); pharyngeo-
tracheal lumen airway (PTLA); esophageal-tracheal
Combitube (ETC), laryngeal mask airway (LMA);
and King Laryngeal Tube airway (King LI, King
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Systems, Noblesville, IN). Because these devices are
predominately alternatives to OETI, they are collec-
tively known as alternative airway devices (AADs).
Other rescue airway techniques include the percuta-
neous approaches of needle cricothyrotomy (NCRIC)
and surgical cricothyrotomy (SCRIC). The reported
success rates for AADs vary widely (62%-100%),
and similar variation is found in reports of NCRIC
(250/0—77(70) and SCRIC (62(70—100(70).7_12

The wide variation in reported success rates of AAD
and percutaneous airways may partially be explained
by the specific technique or device employed (e.g.,
King LT vs. LMA), training and experience of the clin-
ician, setting, type of airway (primary vs. rescue air-
way), and patient characteristics such as trauma vs.
nontrauma and cardiac arrest vs. nonarrest. Unfortu-
nately, most investigations of prehospital airway man-
agement are small and include heterogeneous patient
populations, settings, and clinicians, which obscure
the true procedural success rates. As more emergency
medical services (EMS) systems embrace AADs in lieu
of OETI, it is important to have a clear appreciation
for the true success rates of these devices across a vari-
ety of patient characteristics and clinical settings. Con-
sequently, we sought to determine pooled insertion
success rates for alternative prehospital airways across
varied yet homogeneous groupings of patient charac-
teristics, clinician credentials, and practice settings us-
ing meta-analytic techniques.

METHODS

This systematic review and meta-analysis received ex-
emption from institutional review board (IRB) moni-
toring from Western Carolina University and, to the
extent possible, was designed to conform to the rec-
ommendations of the Quality of Reporting of Meta-
Analysis (QUOROM) statement.'® The detailed search,
selection, data abstraction, and analytic methodology
has been previously reported, and is briefly summa-
rized below.®

Search Strategy

The search strategy was designed to identify all re-
ports concerning out-of-hospital airway management,
from which we could then isolate papers regarding
AADs, SCRIC, and NCRIC performed by prehospital
personnel in the field. The complete search strategy in-
corporated 75 Medical Subject Headings (MeSH), text
words, Boolean strings, and combined commands; the
search terms and phrases specific to AADs, SCRIC, and
NCRIC are shown in Table 1. The search was limited
to English-language articles, but international papers
were not otherwise excluded. The search was origi-
nally conducted on November 20, 2008, and was up-
dated on July 6, 2009. The bibliographies of selected

TABLE 1. Advanced Airway Device-Related Search Terms

Airway search terms

King airway [tw]

King [tw]

pharyngeotracheal airway [tw]
pharyngeal-tracheal airway [tw]
PTLA [tw]

laryngeal mask airway [tw]

EMS search terms
emergency medical technicians [mh]
emergency medical services [mh]
ambulances [mh]
air ambulances [mh]
paramedic [tw]
prehospital [tw]
pre-hospital [tw]
out-of-hospital [tw]
out of hospital [tw]

Boolean search strings
prehospital AND ...
paramedic AND . ..
field AND ...

.. King tube
.. King airway
... pharyngeal tracheal airway
.. pharyngeal-tracheal airway
... pharyngeotracheal airway
...PTLA
..LMA
... laryngeal mask airway
... esophageal-tracheal airway
.. Combitube

EMS = emergency medical services; LMA = laryngeal mask airway; [mh] =
Medical Subject Heading (MeSH); PTLA = pharyngeotracheal lumen airway;
[tw] = text word.

studies were also reviewed to identify any additional
relevant studies. Study authors were not contacted in
an attempt to identify additional unpublished studies.

Screening Process

All titles identified by the search were distributed
among the study team for independent review by two
authors; only those titles for which both reviewers in-
dicated a lack of relevance were excluded. The ab-
stracts of the retained papers were then subjected to an
identical independent review process. Papers retained
from the abstract review then underwent a review of
the full manuscript. Discrepancies in decisions about
relevance were resolved by consensus. Interrater relia-
bility at each of these steps, including prior to consen-
sus discussions in the final step, was measured using
the kappa statistic.

Selection

All published reports of airway procedures per-
formed by emergency medical technicians (EMTs) and
paramedics (including their international equivalents),
nurses, or physicians practicing in the prehospital en-
vironment were included. Studies conducted on ca-
davers or manikins, studies not conducted in a field
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setting (e.g., procedures performed in an emergency
department or a surgical suite), and any studies that
did not include sufficient data to calculate a procedu-
ral success rate were excluded. Randomized controlled
trials (RCTs), cohort studies, and retrospective chart re-
views were eligible for inclusion. Collective reviews,
letters, and editorials were excluded. Where studies re-
ported duplicate or overlapping data, preference was
given to the broadest study with the most detailed
data.

Quality Assessment

Because most quality assessment tools commonly em-
ployed in meta-analysis are specifically designed for
evaluating RCTs, the quality of each study included
in this meta-analysis was evaluated using an assess-
ment tool devised by the authors (Table 2).!* The tool
is a 10-item scale that evaluates study design, setting,
patient population, personnel, and verification of suc-
cessful placement of the airway device. All quality cri-
teria were scored on a binary (0/1) scale, with the
exception of “Verification of successful placement,” for
which scores ranged from 0 to 2. Potential summary
scores ranged between 0 and 10. Quality scores were
independently assigned by two authors, with discrep-
ancies resolved by consensus.

Data Extraction

The following variables were extracted from each
study: airway device or procedure; clinical character-
istics of the patient population (e.g., cardiac arrest
vs. nonarrest, trauma vs. nontrauma); credentials of
the personnel; setting in which the procedure was
performed; mechanism for verifying successful place-
ment; whether the airway interventions were used for
primary airway control or as a rescue airway; and the
number of successful and unsuccessful airway place-
ments. Data were independently abstracted by at least
two authors. Disconcordant opinions regarding ab-
stracted data were resolved by discussion until con-
sensus was attained. In cases in which consensus could
not be achieved regarding data abstraction, differences
were adjudicated by a third author.

Data Analysis

The primary outcome variable was the pooled propor-
tion (and 95% confidence interval [CI]) for successful
placement of each airway device. The proportion of
successful placements was defined as the number of
patients in whom a patent airway was established di-
vided by the number of patients in whom an airway
procedure was attempted, regardless of the number of
placement attempts.

All data were analyzed using the Comprehensive
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TABLE 2. Study Quality Assessment Tool Used to Assess
the Quality of Included Studies

Criteria Points
Study design
Retrospective or before-after design 0
Prospective design 1
Clinician
Credentials of clinicians not clearly stated or mixed 0
Clearly defined homogeneous group 1
Patient mix

Patient population undefined or mixture of trauma 0
and medical patients

Clearly defined homogeneous group 1

Setting
Mixture of hospital, air, and field settings 0
Homogeneous field or air setting 1
Verification of successful placement

Undefined or clinical verification only (breath sounds, 0
chest rise, etc.)

Verified by a single objective criterion (colorimetric 1
ETCO; detector, continuous capnography, oxygen
saturation)

Verified by two or more objective criteria or ED 2
physician

Age

Patient population undefined or mixture of adult and 0
pediatric patients

Clearly defined homogeneous group 1

Cardiac arrest

Patient population undefined or mixture of 0

arrested /nonarrest patients
Clearly defined homogeneous group 1
Drug-assisted intubation

Undefined or mixture of drug-assisted, 0
non-drug-assisted, and rapid-sequence intubations

Clearly defined homogeneous group 1

Rescue airway

Undefined or device used as both primary and rescue 0
airway technique

Clearly defined homogeneous group 1

Total score 10

ED = emergency department; ETCO, = end-tidal carbon dioxide.

Meta-Analysis software package, version 2.0 (Bio-
stat, Inc., Englewood, NJ). Because of variations in
the design, setting, and patient populations of the
selected studies, a random-effects model was used
for pooling study results.* Subgroup analysis was
performed when it was possible to isolate certain
patient groups (e.g., evaluating trauma patients and
nontrauma patients independently), clinician creden-
tials (e.g., ground paramedic vs. air medical person-
nel), and airway function (primary vs. rescue airway).

Heterogeneity was explored through the use of the
Cochrane Q test for heterogeneity and the I? statistic.
Publication bias was evaluated with funnel plots and
the Egger regression test.

REsuLTS
Trial Flow

Figure 1 shows the screening process and the re-
sults at each step in the format recommended by the
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QUOROM statement.'® There was moderate to sub-
stantial interrater reliability for the reviews, with in-
creasing kappa values at each step of the process.

The initial PubMed search strategy identified 2,005
citations relevant to prehospital airway techniques. Of
these, 171 met our criteria for reporting any type of
advanced prehospital airway intervention; 35 studies
encompassing a total of 10,172 prehospital patients
specifically addressed AADs and 21 studies totaling
512 patients reported SCRIC and NCRIC success rates.

Study Characteristics

An overall summary of the characteristics for AAD,
SCRIC, and NCRIC studies retained in the analysis
is shown in Table 3. Because of their similarities, we
treated the EOA and EGTA as a single AAD group.
As some of the studies evaluated more than one air-
way intervention, the 56 studies included a total 64
analyses. Most studies involved prospective data col-
lection (60.9%), ground EMS setting (62.5%), interven-
tions performed by nonphysician clinicians (56.2%),
and intubator self-verification of successful placement
(68.7%).

Quantitative Data Synthesis

Summary data for the primary and subgroup analyses
are shown in Table 4.

Esophageal Obturator Airway-Esophageal Gastric
Tube Airway

Eight studies reported a total of 1,833 patients who re-
ceived EOA-EGTA attempts across all clinicians.!>™?
The quality scores for these studies ranged from 2 to
8, with a mean (+ standard deviation [SD]) of 5.56
(£1.81). Details of the EOA-EGTA studies are shown
in Appendix 1. Substantial heterogeneity existed in the
group of studies (Q statistic x2 = 21.36, p = 0.008;
I> = 62.5%). The funnel plot exhibited moderate sym-
metry and the results of the Egger test for publica-
tion bias were nonsignificant (t = 1.44, p = 0.193) (Fig.
2). The pooled insertion success rate for this group
was 92.6% (CI: 90.1%-94.5%) (Fig. 3). Among the non-
physician clinician group (which includes nonphysi-
cian air medical personnel), there was little difference
in the pooled success rates among the various sub-
groups of patient characteristics. There were no reports
that specifically identified the EOA-EGTA as a rescue
airway. There were also no published reports of EOA-
EGTA use by physicians.

Pharyngeotracheal Lumen Airway

Only a single study reported the clinical placement
success rates of the PTLA (Appendix 2). This study

OCTOBER/DECEMBER 2010 VOLUME 14 / NUMBER 4

Studies identified via
multiple search strategies
(all prehospital airways)

N=2,005
Papers excluded
o | by review of titles
B n=972
Kappa = 0.47
A
Potentially relevant papers
n=1,033
Duplicates
> excluded
n=152
v

Studies subjected to
abstract review
n =881

Studies excluded
P by abstract review

n=566
Kappa =0.59
A
Studies retained for full
evaluation
n=2315
Added from

¢ bibliographies and
search update

n=35
\4
Studies subjected to full
evaluation
n=2350
Studies excluded
after full review
n=179
Kappa =0.81
v
Retained studies
n=171
Relevant to OETI = 117*
——p| Relevant to NTI =23*
(reported separately)
v

Relevant to AADs = 35%
Relevant to NCRIC/SCRIC = 21*

FIGURE 1. Search strategies and results for each airway procedure.
*Some studies reported multiple techniques. AAD = advanced
airway device; NTI = nasotracheal intubation; NCRIC/SCRIC =
needle cricothyrotomy /surgical cricothyrotomy; OETI = oral endo-
tracheal intubation.
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TABLE 3. Study Design and Population Characteristics*

Study Characteristics EOA-EGTA (n=9) PTLA(n=1) ETC(n=16): LMA(n=12) KingLT(n=3) NCRIC(n=4) SCRIC (n=18)
Design
Prospective 7 (77.8%) 1 (100%) 13 (81.3%) 9 (75.0%) 2 (66.7%) 1 (25%) 5 (26.6%)
Before—after 0 0 (0%) 1(6.2%) 0 0 0 0
Retrospective 2 (22.2%) 0 (0%) 2 (12.5%) 3 (25.0%) 1 (33.3%) 3 (75%) 14 (73.4%)
Subjects (n)
Minimum-maximum 27-594 117 6-1,712 9-3,016 27-93 2-13 3-69
Median (IQR) 179 (140) — 61 (133) 48 (105) 30 (33) 6 (6) 16 (28)
Mean + SD 203 (£ 169) — 223 + 434 319 (£ 853) 49 (£37) 6.75 (+4.86) 25.16 (£23.02)
Quality score
Minimum-maximum 2-8 6 3-10 2-8 3-7 2-5 1-7
Median (IQR) 6(2) — 6 (4) 5(2) 6(2) 3(2) 33
Mean + SD 5.56 (+1.81) 6.0 (n/a) 6.59 (+£2.40) 4.75(£1.71) 533(£2.08) 3.00(+141) 321(£1.72)
Clinician
Physician 0 0 3 (18.8%) 4 (30.0%) 0 1(25%) 2 (10.5%)
Paramedic 5 (55.6%) 0 6 (37.5%) 4 (30.0%) 1 (33.3%) 2 (50%) 5(23.3%)
Nurse 0 0 1(6.2%) 0 1 (33.3%) 0 2 (10.5%)
EMT/EMT-I 2 (22.2%) 1 (100%) 4 (25.0%) 1 (8.3%) 0 0 0
Mixed /not specified 2 (22.2%) 0 2 (12.5%) 3 (25.0%) 1 (33.3%) 1 (25%) 10 (52.6%)
Patient mix
Nontrauma 5 (55.6%) 0 3 (18.8%) 2 (16.6%) 0 0 0
Trauma 1 (11.1%) 0 4 (25.0%) 0 0 1 (25%) 4 (21.1%)
Mixed /not specified 3(33.3%) 1 (100%) 10 (62.5%) 10 (83.3%) 3 (100%) 3 (75%) 15 (78.9%)
Setting
Ground 9 (100%) 1 (100%) 13 (81.3%) 8 (66.6%) 2 (66.7%) 2 (50%) 5 (26.3%)
Air 0 0 1(6.2%) 2 (16.6%) 1 (33.3%) 0 9 (47.4%)
Mixed /not specified 0 0 2 (12.5%) 2 (16.6%) 0 2 (50%) 5 (26.3%)
Verifier
Intubator 8 (88.9%) 0 8 (50.0%) 10 (83.3%) 3 (100%) 3 (75%) 11 (57.9%)
ED physician 0 1 (100%) 7 (43.8%) 1 (8.3%) 0 0 4 (21.1%)
Mixed /not specified 1(11.1%) 0 1(6.2%) 1 (8.3%) 0 1 (25%) 4 (21.1%)
Verification method
Clinical assessment 3 (33.3%) 0 3 (18.8%) 1(8.3%) 2 (66.7%) 1(25%) 3 (15.8%)
Objective methods’ 0 0 3 (18.8%) 1 (8.3%) 0 0 1(5.3%)
Multiple methodst 0 0 4 (25.0%) 3 (25.0%) 1 (33.3%) 1 (25%) 4 (21.1%)
Not specified 6 (66.7%) 1 (100%) 6 (37.5%) 7 (58.3%) 0 2 (50%) 11 (57.9%)
Patient ages
Adult (>12 years old) 6 (66.7%) 0 7 (43.8%) 4 (25.0%) 3 (100%) 1 (25%) 4 (21.1%)
Pediatric (<12 years old) 0 0 0 (0.0%) 1 (8.3%) 0 1 (25%) 0
Mixed /not specified 3(33.3%) 1 (100%) 9 (56.2%) 7 (58.3%) 0 2 (50%) 15 (78.9%)
Perfusion
Cardiac arrest 6 (66.7%) 0 5 (31.3%) 3 (25.0%) 2 (66.7%) 0 0
Nonarrest 0 0 3 (18.8%) 0 (0.0%) 0 0 1(5.3%)
Mixed /not specified 3 (33.3%) 1 (100%) 8 (50.0%) 9 (75.0%) 1 (33.3%) 4 (100%) 18 (94.7%)
Intervention
Primary airway 3(33.3%) 1 (100%) 2 (12.5%) 1(8.3%) 2 (66.7%) 0 0
Rescue airway 0 0 10 (62.5%) 4 (25.0%) 0 2 (25%) 8 (42.1%)
Mixed /not specified 6 (66.7%) 0 5(31.3%) 7 (58.3%) 1 (33.3%) 2 (25%) 11 (57.9%)

*Totals may exceed 100% because some studies reported multiple subanalyses.
tCapnography, capnometry, etc.

Multiple objective methods (capnometry, colorimetric ETCO, detector, pulse oximetry, etc.).
ED = emergency department; EMT = emergency medical technician; EOA-EGTA = esophageal obturator airway-esophageal gastric tube airway; ETC =
esophageal-tracheal Combitube; ETCO, = end-tidal carbon dioxide; IQR = interquartile range; King LT = King Laryngeal Tube; LMA = laryngeal mask airway;
n/a = not applicable; NCRIC = needle cricothyrotomy; PTLA = pharyngeotracheal lumen airway; SCRIC = surgical cricothyrotomy; SD = standard deviation.

reported the use of the PTLA by emergency medical
assistants in British Columbia. The PTLA was used as a
rescue airway among a mixture of 117 trauma and non-
trauma patients, some of whom were in cardiac arrest.
The overall success rate was 82.1% (CI = 74.0%-88.0%).

Esophageal-Tracheal Combitube

Insertion of an ETC was reported in 16 studies, with
attempts in 4,243 patients.” 7% The quality score for
the studies ranged from 3 to 10, with a mean of 6.59

(£2.40). Details of the ETC studies are shown in Ap-
pendix 3. Substantial heterogeneity existed in the over-
all group of studies (Q statistic x> = 359, p = 0.000;
I = 95.0%). The funnel plot exhibited only mild asym-
metry (Egger t = 0.579, p = 0.570) (Fig. 2). The pooled
success rate across all patients and all clinicians was
85.4% (Cl = 77.3%-91.0%) (Fig. 4). Nonphysician clini-
cians attempted ETC insertion in 4,099 patients, with
a pooled success rate of 83.0% (Cl = 72.7%-90.0%).
When the ETC was used as a rescue airway, the
pooled success rate for nonphysicians was 81.8%
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TABLE 4. Subgroup Analysis Results, Success Rate (%) and 95% Confidence Interval

OCTOBER/DECEMBER 2010 VOLUME 14 / NUMBER 4

Patient Group

All Clinicians

All Nonphysicians*

Ground Paramedics

Nonphysician Flight Crews*

Physicians

EOA-EGTA

All

Trauma only

Nontrauma only

Cardiac arrest only
PTLA

Rescue airway only
ETC

All

Trauma only

Nontrauma only

Cardiac arrest only

Nonarrest only

Rescue airway only
LMA

All

Nontrauma only

Cardiac arrest only

Rescue airwa¥ only
King LT airway+*;

All

Cardiac arrest only

85.4 (77.3-91.0)

91.7 (79.6-96.9)
87.4(77.9-93.2)

81.9 (74.4-87.5)
87.4 (79.0-92.8)

86.3 (60.7-96.3)
86.2 (66.7-95.1)

92.6 (90.1-94.5)
96.3 (77.9-99.5)
91.9 (88.5-94.3)
92.5 (89.6-94.7)

82.1 (74.0-88.0)

83.0 (72.7-90.0)
91.5 (80.8-96.5)
87.7 (66.9-96.2)
84.6 (72.5-92.0)
95.0 (88.0-98.0)
81.8 (73.3-88.1)

82.7 (70.0-90.8)

83.9 (41.9-97.4)

96.5 (71.2-99.7)
96.0 (41.7-99.9)

92.2 (89.9-94.1)

92.6 (90.7-94.1)
92.6 (90.7-94.1)1

80.2 (55.8-92.9)
94.9 (87.3-98.1)
93.1(91.8-94.2)
80.0 (47.8-94.6)
94.9 (87.3-98.1)
83.6 (61.8-94.1)

83.1 (67.8-91.9)
79.8 (46.1-94.8)1
79.8 (46.1-94.8)F

99.5 (92.0-1.00)

95.5 (55.2-99.7)%

95.5 (55.2-99.7)F
955 (55.2-99.7)%

96.2 (59.7-99.8)

96.2 (59.7-99.8)

92.5 (70.3-98.5)

97.1 (90.5-99.2)
97.1 (90.5-99.2)

83.8 (59.0-94.9)
95.5 (88.5-98.3)

98.7 (82.2-99.9)
88.9 (50.0-98.5)

NCRIC
All 65.8 (42.3-83.5)
Trauma only —
Rescue airway only —

SCRIC
All 90.5 (84.8-94.2)
Trauma only 92.2 (70.6-98.3)
Nonarrest only
Rescue airway only

55.6 (24.5-82.9)
50.0 (5.9-94.1)
34.1 (8.2-74.9)

90.4 (83.3-94.6)
91.8 (61.5-98.7)

90.3 (78.5-96.0) 89.0 (75.2-95.6)

53.8 (12.1-90.8) —

90.8 (84.3-94.8)
94.0 (83.0-98.1)

90.9 (56.1-98.7)

76.9 (47.8-92.4)

25.0 (3.4-76.2) — —

90.9 (75.4-97.0) 97.1 (66.4-99.8)
90.8 (21.0-99.7) —
83.3 (19.4-99.0) —
89.8 (56.0-98.4) —

Note: Some articles included aggregated data that encompassed subcategories that could not be explicitly extracted.
*Includes paramedics, nurses, other EMS personnel, and other allied health professionals.

tStudy addressed nontrauma cardiac arrest.

iStudy addressed rescue airway procedures in nonarrest trauma patients.

EMS = emergency medical services; EOA-EGTA = esophageal obturator airway—esophageal gastric tube airway; ETC = esophageal-tracheal Combitube; King LT
= King Laryngeal Tube; LMA = laryngeal mask airway; NCRIC = needle cricothyrotomy; PTLA = pharyngeotracheal lumen airway; SCRIC = surgical cricothy-

rotomy.

(CI =73.3%-88.1%), which was slightly lower than the
87.9% (CI = 47.4%-98.3%) success rate when ETC was
used as a primary airway. Nonphysician air medical
crews demonstrated the highest success rate (95.5%,
CI = 55.2%99.7%), followed by physicians (92.5%,
CI =70.3%-98.5%).

Laryngeal Mask Airway

Across all clinician and patient groups, LMA inser-
tion was reported in 12 studies, with attempts in
3,829 patients.?>23%.37745 Quality scores ranged from
2 to 8, with a mean of 4.75 (£1.71). Details of the
LMA studies are shown in Appendix 4. Substan-
tial heterogeneity existed in the overall group of
studies (Q statistic x> = 172.71, p = 0.000; I* = 93.6%),
and the funnel plot exhibited moderate symmetry (Eg-
ger t = 0.189, p = 0.854) (Fig. 2). The pooled success
rate for LMA insertion across all patients and clini-
cians was 87.4% (CI: 79.0%-92.8%) (Fig. 5). The pooled
success rate for all nonphysician clinicians was 82.7%
(CI = 70.0%-90.8%). The success rate was higher for
LMA insertions by nonphysician flight crews (96.2%,

CI = 59.7%99.8%) and for physicians (95.5%, CI =
88.5%-98.3%). When LMA was used as a rescue air-
way, the pooled success rate for all clinicians was 86.2%
(CI = 66.7%-95.1%). There was little difference in
the success rate between cardiac arrest and nonarrest
patients.

King Laryngeal Tube Airway

King LT insertion was reported in three studies, with
placement attempted in 150 patients.®4®4 Quality
scores ranged from 3 to 7, with a mean of 5.33 (£2.08).
Details of the King LT studies are shown in Ap-
pendix 5. Substantial heterogeneity existed in the over-
all group of studies (Q statistic x*> = 7.52, p = 0.023;
> = 73.4%), and the funnel plot exhibited moderate
asymmetry, but did not reach statistical significance
(Egger t = 4.19, p = 0.149) (Fig. 2). The pooled suc-
cess rate for King LT insertion was 96.5% (CI: 71.2%-
99.7%) across all patients and clinicians (Fig. 6). Only a
single study reported results for King LT insertion ex-
clusively by paramedics, with a success rate of 99.5%
(CI =92.0%-100%).
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FIGURE 2. Funnel plot assessment of publication bias: A) esophageal-tracheal Combitube; B) esophageal obturator airway—esophageal gastric
tube airway; C) King LT; D) laryngeal mask airway; E) needle cricothyrotomy; and F) surgical cricothyrotomy.

Needle Cricothyrotomy

Four studies reported a total of 27 patients who re-
ceived NCRIC attempts across all clinicians.®10-1248
The quality scores for the NCRIC studies ranged from
2 to 5, with a mean of 3.00 (£1.41). Details of the
NCRIC studies are shown in Appendix 6. There was
minimal heterogeneity in the group of studies (Q
statistic x?> = 3.49, p = 0.321; I*> = 14.1%), and the
funnel plot exhibited moderate symmetry (Egger t =
1.96, p = 0.189) (Fig. 2). The placement success rate

for NCRIC was consistently low across all clinicians.
The pooled success rate was 65.8% (CI = 42.3%-83.5%)
(Fig. 7); the highest success rate was in a small study
among physicians in which the success rate was 76.9%
(CI = 47.8%-92.4%).

Surgical Cricothyrotomy

Eighteen studies reported SCRIC attempts in 485
patients.?712:24:38.49760 The quality scores ranged from 1
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EOA-EGTA (all patients, all clinicians)

Study Name

Event Lower Upper

rate limit  limit
Bass 1982 0880 0800 0931 6475
Berdeen 1981 0,958 0918 0979 8666
Donen 1983 0947 0915 0967 11.195
Goldenberg 1986 (EGTA) 0,922 0837 0965 5812
Goldenberg 1986 (EOA) ™ 0944 0887 0973 7261
Hankins 1993 7 0.867 0818 0904 9857
Reines 1988 ™ 0963 0779 0995 3197
Shea 1985 ™ 0950 0906 0974 8591
Tanigawa 1998 0918 0893 0937 16152
Summary Effect 0.926 0901 0945 15481

Statistics for each study

Z-Value p-Value
0.000 88 /100
0.000 183 /19
0.000 284 / 300
0.000 71/77
0.000 118 /125
0.000 208 / 240
0001 26/27
0.000 170/179
0.000 345/ 594
0.000 1693/1833

Event rate and 95% CI

Total

-L00  -0.50 0.00 0.50 L0O

FIGURE 3. Forest plot of esophageal obturator airway-esophageal gastric tube airway (EOA-EGTA) insertion. CI = confidence interval.

to 7, with a mean of 3.21 (£1.72). Details of the SCRIC
studies are shown in Appendix 7. Substantial hetero-
geneity existed among the SCRIC studies (Q statistic
x? = 31.62, p = 0.017; > = 46.2%), and the funnel
plot exhibited moderate asymmetry (Egger t = 2.62, p
= 0.018) (Fig. 2). The pooled success rate was 90.5%
(CI = 84.8%—94.2%) across all patients and clinicians
(Fig. 8). Ground paramedics and nonphysician air
medical crews had similar success rates (90.8% vs.
90.9%); the physician SCRIC success rate was 97.1% (CI
= 66.4%-99.8%).

DISCUSSION

Alternative airway devices are prominent in cur-
rent prehospital airway management practice, with a
widely held belief that AAD placement is easier than
OETI placement. Yet, the data regarding prehospital
AAD are limited; most AAD studies are small and fo-
cus on a single device, making it difficult to generalize
the results. This meta-analysis is one of the first efforts
to explore AAD insertion success across these many
smaller studies. Overall, we found the pooled AAD

Combitube (all patients, all clinicians)

Study Name Statistics for each study

Events/Total

Event rate and 95% CI

—_—

Event Lower Upper

rate  limit limit Z-Value p-Value
Adams, 2008 0952 0729 0993 2924 0.003
Atherton 1993 (Salvage Airway)  0.615 0344 0830 0.824 0410
Atherton 1993 (Primary Airway) 0711 0549 0832 2510 0012
Blostem 1998 0955 0.552 0997 2103 0.035
Cady 2005 0892 0869 0911 19215 0000
Calking 2006 0.711 0636 0776 5139 0000
Davis 2003 0951 0.858 00984 5002 0000
Davis 2006 0,410 0330 049 -2.062 0.039
Lefrancois 2002 0.954 0937 0967 17513 0.000
Ochs 2000 (medical only) 0,788 0720 0843  7.001  0.000
Ochs 2000 (tranma only) 0.786 03506 0929 1995 0.046
Ochs 2002 0.944 0693 0992 2753 0.006
Rabitsch 2003 (Primary Airway) 0978 0915 0994 5275  0.000
Rabitsch 2003 (Salvage Amway) 0917 0378 0995 1623 0.105
Rumball 1997 0857 0.760 0919 5502 0000
Rumball 2004 0.681 0.565 0778 0.003
Tamgawa 1998 0931 0918 00942 0.000
Timmermann 2006 0,733 0467 089 0.083
Thuerbach 2005 0.962 0.597 0.998 0.026

0.854 0773 0910 0,000

Total
20/21
8/13 —
27/38
11711
767/ 860 | |
113 /159 -
58/61
55/134 =i
7257760
134 /170
11714
17/18
87/89
G6/l6
66/77
49/72
1594 /1712 |
11715 T—a
13/13

—_—
T —
—
—

-1.00 -0.50 0.00

FIGURE 4. Forest plot of esophageal-tracheal Combitube insertion. CI = confidence interval.
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Laryngeal Mask Airway (all patients, all clinicians)

Study Name

Event Lower Upper
rate  limit  limit Z-Value p-Value Total

Dimitrion 2006 0.987 0.822 0999  3.033 0.002 38/38 —
Germann 2009 * 0,962 0,597 0.998 2232  0.026 13/13 —
Hein 2008 * 0.738  0.665 0.799 5827 0.000 121/164 -
Martin 1999 * 0.941 0680 0992 2690 0.007 16/17 —=
MeCall 2008 * 0.923 0812 0971 4775 0000 48/52 -
Murray 2002 “ 0.643 0.586 0.697 4.746 0.000 182/283 E]
Nickel 2008 © 0.971 0.664 0998 2436 0015 17/17 e
Pattinson 2004 0.871 0.771 0932 5359 0000 61/70 -
Rumball 1997 0.731 0.640 0807 4616 0000 79/108 -
Tanigawa 19987  0.896 0.884 0906 36.091  0.000 2701 /3016 ]
Tentillier 2008 0956  0.839 0989 4241  0.000 43/45 —u
Timmermann 2006 0.889 0.500 0985 1961 0050 §/9 =
Summary Effect 0.874  0.790 0.928 6.162 0.000 3327/3832 <

Statistics for each study

Event rate and 95% CI
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FIGURE 5. Forest plot of laryngeal mask airway insertion. CI = confidence interval.

placement success rates for most devices to be lower
than expected.

Our study has many interesting observations. First,
we found the pooled placement success rates for
ETC and LMA, arguably the most common AADs,
to be similar but unimpressive, with nonphysician
placement success rates of 83.0% and 82.7%, respec-
tively. Surprisingly, these success rates are lower than
the overall pooled OETI success rate of 86.3% re-
ported in a previous meta-analysis.® While these AADs
might offer potential advantages over OETI in terms
of reduced training requirements, or perhaps fewer
or less severe complications, they should not be ex-
pected to provide higher airway management suc-
cess rates than OETL. Where ETC or LMA is used as
the primary airway management device (to the exclu-
sion of OETI), practitioners should anticipate up to
a 17% failure rate, underscoring the need for addi-
tional contingency airway measures. Where ETC and
LMA are used as backup devices for unsuccessful

OETI attempts, medical directors and EMS profession-
als alike must recognize that these devices are not 100%
fail-safe.

Surprisingly, we found a higher nonphysician place-
ment success rate (92.6%) for EOA and EGTA than
for ETC and LMA. These were the earliest pre-
hospital AADs, but because of reported complica-
tions and evidence that the devices are not superior
to effectively performed bag-—valve-mask (BVM)
ventilations,!719-61763 they have largely fallen into dis-
favor and now are rarely used. The available stud-
ies for these devices are relatively old, of marginal
methodologic quality, and not directly comparable to
those of contemporary AADs; these data do not sup-
port a return to the EOA and EGTA.

The most recently developed AAD is the King LT,
which has achieved wide popularity in EMS because
of its perceived ease of insertion. In our meta-analysis,
the King LT was the AAD with the most promising
success rate (96.5%). However, this estimate is based

King Airway (all patients, all clinicians)

Study Name

Event Lower Upper

rate  limit
Guyette 2007 * 0981 0764 0999 2781
Kette 2005 ¥ 0833 0657 0920 3283
Wiese 2000 * 0995 0920 1000 3681
Summary Effect 0.965 0712 0997 2.698

Statistics for each study

Event rate and 95% CI

limit Z-Value p-Value Total
0.005 27/27
0.001 25/30
0.000 93 /93

0.007 145/150

00 -0.50 0.00 0.50 L00

FIGURE 6. Forest plot of King LT airway insertion. CI = confidence interval. PEC = Prehospital Emergency Care.
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Needle Cricothyrotomy (all patients, all clinicians)

Study Name Statistics for each study

Event Lower Upper

rate limit limit Z-Value
Bulger2002”  0.750 0377 0937 1346
Leibovici 1997 0.769 0478 0924  1.829
Nakayama 1990™ 0,500 0,059 0941  0.000
Wamner 2009° 0250 0.034 0.762 -0.951
Summary Effect  0.658 0.423 0835  1.328

Event rate and 95% CI

p-Value Total
0178 6/'8 -T—a—
0.067 10/13 —i—
Looo 1/2 —_—
0341 14 —
0.184  18/27 D et
D0 -0.50  0.00 0.50 L00

FIGURE 7. Forest plot of needle cricothyrotomy. CI = confidence interval.

on limited data. Because of the King LT’s relatively re-
cent introduction, only three studies reporting its use
in the prehospital setting met our inclusion criteria,
and all three suffered from small sample sizes. Subse-
quently, the CI around the pooled success rate is wide
(71.2%-99.7%). Also, there were no reports of King LT
use solely in trauma patients or exclusively as a rescue
airway. Thus, additional King LT studies would help
to improve the certainty of existing estimates, as well
as define its utility among certain patient populations
such as those suffering from traumatic injuries or failed
OETI attempts.

Finally, our analysis affirms the limitations of NCRIC
and SCRIC as prehospital airway procedures. We iden-
tified only four studies reporting the success rates

of NCRIC. Regardless of patient circumstances or
clinician credentials, the NCRIC success rate was
ubiquitously low, ranging from 25.0% to 76.9%. The
pooled results for the 18 SCRIC studies produced
substantially higher success rates, although the suc-
cess rate for all nonphysician clinicians was still
only 90.4%. These percutaneous airways are infre-
quently performed in the prehospital setting,’ and
the lack of opportunity for skill maintenance likely
exacerbates the difficulties associated with the pro-
cedures. Nonetheless, EMS systems that choose to
incorporate a percutaneous airway procedure into
their airway management protocols should recognize
that the success rate of SCRIC far exceeds that of
NCRIC.

Surgical Cricothyrotomy (all patients, all clinicians)

Study Name

Statistics for each study

Event Lower Upper

rate limit limit Z-Value
Adams 2008" 0765 0.514 0909 2061
Bair 2003* 0.682 0.466 0840 1665
Boyle 1993°  0.986 0.904 0998  4.189
Brofeldt 1998" 0964 0.616 0998  2.289
Brown2001%  0.833 0.194 0990 1039
Bulger 2002" 0980 0.749 0999 2724
Cook 1991% 0985 00903 0998 4.174
Fortune 1997 0.875 0.760 0939 4.816
Gerich 1998%  0.944 0495 0997  1.947
Germann 2009% 0.929 0423 0996  1.748
Jacobson 1996% 0.940 0.830 0981  4.621
Leibovici 1997” 0.971 0.664 0998  2.436
Marcolini 2004”7 0.885 0.778 0944  5.086
Melntosh 2008 0.971 0.664 0998  2.436
Miklus 1989 0976 0.713 0999  2.594
Robinson 2001" 0.625 0.285 0.875  0.699
Thomas 1999° 0.900 0.533 0986 2.084
Wamer 2009° 0909 0.561 0987  2.195
Summary Effect 0.905  0.848  0.942 8.215

Event rate and 95% CI

p-Value Total
0.039 13/17
0.096 15/22
0.000 68/69 -
0.022 14/ 14
0299 3/3
0.006 25/25
0.000 67/68
0.000 49/56
0052 9/9
0.081 7/7
0.000 47/50
0.015 17/17
0.000 54/61
0.015 17/17
0.009 21/21
0484 5/8 —_
0.037 9/10
0.028 10/11
0.000 450/485 *

-L00 -0.50 0.00 1

FIGURE 8. Forest plot of surgical cricothyrotomy. CI = confidence interval.
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LIMITATIONS

This study has several noteworthy limitations. Primar-
ily, we evaluated only placement success rates; we did
not systematically explore the ability of each of the de-
vices to provide effective ventilations, nor did we eval-
uate the complication rates of each device. In essence,
the overarching goal of our study was limited to pro-
viding a pooled estimate of successful placement for
each airway device across a variety of patient charac-
teristics, clinical settings, and clinicians. There is, how-
ever, some evidence that AADs can provide adequate
ventilation. In the only prehospital evaluation of ven-
tilation with the PTLA, Bartlett et al. found arterial
blood gas (ABG) measurements comparable to those
for OETL® For ETC, several crossover and compar-
ative studies have demonstrated ABG measurements
that equal or exceed those of OETI when the ETC is
properly placed.?-%%¢ Data are limited on the ventila-
tory effectiveness of the prehospital use of the LMA,
which was first described in 1983 by Brain as an alter-
native to OETI for surgical patients.” Martin et al.*
reported the use of the LMA as a rescue airway in
16 patients treated by an air medical crew after failed
intubation attempts. Although the authors concluded
that the LMA was an effective temporary airway, the
partial pressure of oxygen in arterial blood (PaO,) was
below 80 mmHg in five patients (31%), the satura-
tion of peripheral oxygen (SpO,) was less than 90% in
three patients (19%), and the partial pressure of car-
bon dioxide in arterial blood (PaCO,) was greater than
50 mmHg in two patients (13%). To date, there are no
published evaluations of the ability of the King LT to
provide effective ventilations.

The strength of our results is tempered by the qual-
ity of the body of published works with respect to pre-
hospital airway control. Based on our criteria, quality
scores showed considerable variation, and the overall
quality of studies was poor. Over one-third of the stud-
ies were retrospective and descriptive in nature, some
were not designed specifically for evaluating airway
success rates, and oftentimes successful placement was
self-reported by the clinician based only on clinical
criteria such as breath sounds and chest rise. Few stud-
ies used capnography or capnometry to verify place-
ment or had placement confirmed by the emergency
department physician, and an upward bias of success
rates has been suggested when successful placement is
self-reported and based solely on clinical assessment.®
Unfortunately, we were unable to conduct a sensi-
tivity analysis using only the highest-quality stud-
ies because of the small total number of included
studies.

We also recognize the lack of recency of some of
our data. Some of the included studies were over
30 years old and likely represent an epoch of EMS his-
tory in which training and medical oversight differed

525

significantly from those of present times. Additionally,
most of the devices were not used during the same
time periods, further complicating direct comparisons.
Consequently, the validity of our findings is subject to
history-maturation effects.

We were not able to control for experience in airway
management, which has been demonstrated to have a
substantial impact on the rate of successful placement
of endotracheal tubes by prehospital providers, and
likely has a similar effect on AAD placement.®® In addi-
tion, we did not control for any differences in training
between international prehospital clinicians and their
U.S. counterparts.

Finally, our results must also be interpreted recog-
nizing the limitations of meta-analysis as a statisti-
cal technique, which we have reviewed previously.®
An advantage of the meta-analysis methodology is to
combine underpowered studies to increase the sam-
ple size and confidence in the resulting pooled effect.
However, for some of our subgroup analyses, the to-
tal number of patients was small even after pooling,
leading to wide Cls. Furthermore, for some analyses,
a few studies represented a disproportionately large
segment of the pooled data. In addition, study selec-
tion bias is a frequent problem of meta-analysis and is
further compounded by the inherent bias against pub-
lication of studies with negative results. In the absence
of publication bias, the funnel plot should demonstrate
a symmetrical distribution of studies within the fun-
nel. As demonstrated by the asymmetrical funnel plot,
our meta-analysis suffered from publication bias in the
SCRIC analysis.

Another limitation of meta-analysis is statistical
heterogeneity. In a homogeneous distribution, the dis-
persion of success rates around the pooled estimate
differs only by sampling error. A significant Q-statistic
rejects this assumption, indicating that the dispersion
of success rates is associated with differences in study
characteristics as well as sampling error. With the
exception of SCRIC, we discovered significant het-
erogeneity in the selected studies for all airway
techniques when examined collectively across all
clinicians and patient groups. In addition, the I? statis-
tic, which ranges between 0% and 100% and measures
the amount of inconsistency across studies, was high
in several analyses, indicating considerable between-
study variation.

CONCLUSIONS

As more EMS systems embrace AADs, either as rescue
airways or as primary airways in lieu of OET], it is
important to have a clear appreciation for the true
success rates of these devices across a variety of patient
characteristics and clinical settings. Through a meta-
analysis of published prehospital airway data, we
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generated pooled estimates of prehospital AADs and
percutaneous airway procedural success rates.
Clearly, AADs are not a panacea for the diffic-
ulties of prehospital airway management. The King
LT had the highest placement success rate, at 96.5%,
but this pooled success rate is based on limited data.
More data are available for the ETC and LMA, which
had collective success rates of 83.0% and 82.7%, re-
spectively. Surprisingly, this is lower than the pooled
success rate estimate of 86.3% for OETI reported in an
earlier meta-analysis, emphasizing that ETC and LMA
are not fail-safe airway devices. NCRIC has a low rate
of success, with approximately one in three attempts
resulting in failure; SCRIC has a much higher success
rate (90.5%) and should be considered the preferred
technique for establishing a prehospital percutaneous
rescue airway.
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APPENDIX 1. Characteristics of Esophageal Obturator Airway-Esophageal Gastric Tube Airway Studies

Type of Air Medical Patient Verification Cardiac  Drug Rescue Sample Quality

First Author, Year* Design  Clinician Team Mix  Setting Verification Type Pediatric ~ Arrest  Assist Airway  Size Score

Bass, 1982 (EOA)'® P P N NS G P A N NS NS N 100 5

Berdeen, 1981 P E N NS G P NS NS NS NS N 191 4
(EQA)'®

Donen, 1983 P E N M G P A N Y N NS 300 6
(EOA)Y7

Goldenberg, 1986 P p N NT G P NS N Y N M 77 7
(EGTA)18

Goldenberg, 1986 P P N NT G P NS N Y N M 125 7
(EOA)™8

Hankins, 1993 P P/E N NT G M A N Y NS NS 240 5
(EOA/EGTA)Y?

Reines, 1988 R P/E N T G P NS NS NS NS NS 27 2
(EOA)X

Shea 1985 (primary P P N NT G P NS N Y N N 179 8
EGTA)?

Tanigawa 1998 R /P N NT G P NS NS Y N NS 594 6
(EOA)??

*For complete reference citations, see the reference list.

Key: Type of Design: B = before-after; P = prospective; R = retrospective. Clinician: E = emergency medical technician; I = international; MD = physician; N =
nurse; NS = not stated; P = paramedic; PA = physician assistant; RN = registered nurse. Air Medical Team: M = mixed; N = clinician not a member of air medical
team; NS = not stated; Y = clinician member of air medical team. Patient Mix: M = mixed; NS = not stated; NT = nontrauma; T = trauma. Setting: A = air ambulance;
G = ground ambulance; M = mixed; NS = not stated. Verification: ED = emergency department; M = mixed; NS = not stated; P = practitioner. Verification Type:
A = clinical assessment such as breath sounds and chest rise; C = single objective criterion such as colorimetric carbon dioxide (CO,) detector, end-tidal carbon
dioxide (ETCO,), saturation of peripheral oxygen (SpO.), or esophageal detector device (EDD); M = multiple objective criteria such as CO, detector, ETCO,, EDD,
SpO,, etc.; NS = not stated. Pediatric: M = mixed pediatric and adult; N = non-drug-facilitated, non-RSI; NS = not stated; Y = yes. Cardiac Arrest: M = mixture
of arrest and nonarrest patients; N = no; NS = not stated; Y = yes. Drug Assist: D = drug-facilitated; M = mixture of rapid-sequence intubation (RSI), non-RSI,
drug-facilitated, non-drug-facilitated; N = no; NS = not stated; R = RSI; Y = yes. Rescue Airway: M = mixture of rescue and primary airway; N = no; NS = not
stated; Y = yes.

EOA = esophageal obturator airway; EGTA = esophageal gastric tube airway.

APPENDIX 2. Characteristics of Pharyngeotracheal Lumen Airway Studies

Type of Air Medical Patient Verification Cardiac Drug Rescue Sample Quality
First Author, Year* Design  Clinician Team Mix  Setting Verification Type Pediatric ~ Arrest  Assist Airway  Size Score
Rumball, 19972 P I/E N M G ED NS NS M NS Y 117 6

*For complete reference citations, see the reference list.

Key: Type of Design: B = before-after; P = prospective; R = retrospective. Clinician: E = emergency medical technician; I = international; MD = physician;
N = nurse; NS = not stated; P = paramedic; PA = physician assistant; RN = registered nurse. Air Medical Team: M = mixed; N = clinician not a member of air
medical team; NS = not stated; Y = clinician member of air medical team. Patient Mix: M = mixed; NS = not stated; NT = nontrauma; T = trauma. Setting: A = air
ambulance; G = ground ambulance; M = mixed; NS = not stated. Verification: ED = emergency department; NS = not stated; P = practitioner. Verification Type:
A = clinical assessment such as breath sounds and chest rise; C = single objective criterion such as colorimetric carbon dioxide (CO;) detector, end-tidal carbon
dioxide (ETCO), saturation of peripheral oxygen (SpO,), or esophageal detector device (EDD); M = multiple objective criteria such as CO, detector, ETCO,, EDD,
SpO,, etc.; NS = not stated. Pediatric: M = mixed pediatric and adult; N = non-drug-facilitated, non-RSI; NS = not stated; Y = yes. Cardiac Arrest: M = mixture
of arrest and nonarrest patients; N = no; NS = not stated; Y = yes. Drug Assist: D = drug-facilitated; M = mixture of rapid-sequence intubation (RSI), non-RSI,
drug-facilitated, non-drug-facilitated; N = no; NS = not stated; R = RSI; Y = yes. Rescue Airway: M = mixture of rescue and primary airway; N = no; NS = not
stated; Y = yes.
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APPENDIX 3. Characteristics of Esophageal-Tracheal Combitube Studies

Type of Air Medical Patient Verification Cardiac Drug Rescue Sample Quality
First Author, Year* Design  Clinician Team Mix  Setting Verification Type Pediatric  Arrest  Assist Airway  Size Score
Adams, 2008%* P P/MD/PA/ Y M M ED M NS M NS M 21 3
CRNA

Atherton, 1993 (rescue P P N M G P NS NS Y N Y 13 6
airway)?

Atherton, 1993 P P N M G P NS NS Y N N 38 6
(primary airway)®

Blostein, 19982 P N Y T A ED A N N N Y 10 10

Cady, 2005% B E/P N M G P A N M N NS 860 3

Calkins, 2006% R P N M G P A NS M N Y 162 4

Davis, 2003% P P N T G P M N N R Y 61 9

Davis, 2006 P P N M G P (6] NS M N M 134 5

Lefrancois, 2002°! P I/EMT N M G ED M N Y N N 760 9

Ochs, 2000 (medical P E N NT G ED NS N Y NS Y 170 9
only)*?

Ochs, 2000 (trauma P E N T G ED NS N Y NS Y 14 9
only)®

Ochs, 2002% P P N T G ED M NS N R Y 18 9

Rabitsch, 2003 P 1I/MD N NT G NS NS N Y N N 89 8
(primary airway)>*

Rabitsch, 2003 (rescue P I/MD N NT G NS NS N Y N Y 5 8
Combitube)3*

Rumball, 19972 P I/E N M G ED NS NS M NS Y 77 6

Rumbeall, 20047 P I/E N G ED NS N M NS NS 72 6

Tanigawa, 1998% R I/P N NT G P NS NS Y N NS 1712 5

Timmermann, 2006 P I/MD N M P C NS M NS Y 15 4

Thierbach, 2005% P MD N M G P M NS M M Y 12 5

*For complete reference citations, see the reference list.

Key: Type of Design: B = before-after; P = prospective; R = retrospective. Clinician: CRNA = certified registered nurse anesthetist; E = emergency medical technician;
EMT = emergency medical technician; I = international; MD = physician; N = nurse; NS = not stated; P = paramedic; PA = physician assistant; RN = registered
nurse. Air Medical Team: M = mixed; N = clinician not a member of air medical team; NS = not stated; Y = clinician member of air medical team. Patient Mix:
M = mixed; NS = not stated; NT = nontrauma; T = trauma. Setting: A = air ambulance; G = ground ambulance; M = mixed; NS = not stated. Verification: ED
= emergency department; NS = not stated; P = practitioner. Verification Type: A = clinical assessment such as breath sounds and chest rise; C = single objective
criterion such as colorimetric carbon dioxide (CO,) detector, end-tidal carbon dioxide (ETCO3), saturation of peripheral oxygen (SpOy), or esophageal detector device
(EDD); M = multiple objective criteria such as CO, detector, ETCO,, EDD, SpO,, etc.; NS = not stated. Pediatric: M = mixed pediatric and adult; N = non-drug-
facilitated, non-RSI; NS = not stated; Y = yes. Cardiac Arrest: M = mixture of arrest and nonarrest patients; N = no; NS = not stated; Y = yes. Drug Assist: D =
drug-facilitated; M = mixture of rapid-sequence intubation (RSI), non-RSI, drug-facilitated, non-drug-facilitated; N = no; NS = not stated; R = RSI; Y = yes. Rescue
Airway: M = mixture of rescue and primary airway; N = no; NS = not stated; Y = yes.

APPENDIX 4. Characteristics of Layrngeal Mask Airway Studies

Type of Air Medical Patient Verification Cardiac  Drug Rescue Sample Quality
First Author, Year* Design  Clinician Team Mix  Setting Verification Type Pediatric ~ Arrest  Assist Airway  Size Score
Dimitriou, 2006%” P MD N M G P NS N Y N NS 37 6
Germann, 200938 R P/N Y M A P M M NS M Y 12 4
Hein, 2008% P I/P N M G P NS NS M NS NS 164 3
Martin, 199940 P NS Y M A P M M NS NS Y 17 5
McCall, 20084 P P N NS G P NS M N M 52 5
Murray, 200242 P 1/P N NT G P A N Y N N 283 8
Nickel, 20084 P I/MD Y M M P NS M NS NS 16 3
Pattinson, 2004* R 1/P N M G NS NS NS M NS M 70 2
Rumball, 19972 P 1/E N M G ED NS Y M NS Y 108 7
Tanigawa, 1998%? R /P N NT G P NS NS Y N NS 3016 5
Tentillier, 20084 P I/MD N M G P M NS M M M 45 5
Timmermann, P 1I/MD N M M P C NS M NS Y 9 4
2006%°

*For complete reference citations, see the reference list.

Key: Type of Design: B = before-after; P = prospective; R = retrospective. Clinician: E = emergency medical technician; I = international; MD = physician; N =
nurse; NS = not stated; P = paramedic; PA = physician assistant; RN = registered nurse. Air Medical Team: M = mixed; N = clinician not a member of air medical
team; NS = not stated; Y = clinician member of air medical team. Patient Mix: M = mixed; NS = not stated; NT = nontrauma; T = trauma. Setting: A = air
ambulance; G = ground ambulance; M = mixed; NS = not stated. Verification: ED = emergency department; NS = not stated; P = practitioner. Verification Type:
A = clinical assessment such as breath sounds and chest rise; C = single objective criterion such as colorimetric carbon dioxide (CO;) detector, end-tidal carbon
dioxide (ETCO3), saturation of peripheral oxygen (SpO.), or esophageal detector device (EDD); M = multiple objective criteria such as CO, detector, ETCO,, EDD,
SpO,, etc.; NS = not stated. Pediatric: M = mixed pediatric and adult; N = non-drug-facilitated, non-RSI; NS = not stated; Y = yes. Cardiac Arrest: M = mixture
of arrest and nonarrest patients; N = no; NS = not stated; Y = yes. Drug Assist: D = drug-facilitated; M = mixture of rapid-sequence intubation (RSI), non-RSI,
drug-facilitated, non-drug-facilitated; N = no; NS = not stated; R = RSI; Y = yes. Rescue Airway: M = mixture of rescue and primary airway; N = no; NS = not
stated; Y = yes.
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APPENDIX 5. Characteristics of King LT Airway Studies

Type of Air Medical Patient Verification Cardiac Drug Rescue Sample Quality
First Author, Year* Design  Clinician Team Mix  Setting Verification Type Pediatric ~ Arrest  Assist Airway  Size Score
Guyette, 200746 R N/P N M A P M N M NS M 26 3
Kette, 2005*7 P I/N N M G P A N Y NS N 30 6
Wiese, 2009° P I/P N NS G p A N Y N N 92 7

*For complete reference citations, see the reference list.

Key: Type of Design: B = before-after; P = prospective; R = retrospective. Clinician: E = emergency medical technician; I = international; MD = physician; N =
nurse; NS = not stated; P = paramedic; PA = physician assistant; RN = registered nurse. Air Medical Team: M = mixed; N = clinician not a member of air medical
team; NS = not stated; Y = clinician member of air medical team. Patient Mix: M = mixed; NS = not stated; NT = nontrauma; T = trauma. Setting: A = air
ambulance; G = ground ambulance; M = mixed; NS = not stated. Verification: ED = emergency department; NS = not stated; P = practitioner. Verification Type:
A = clinical assessment such as breath sounds and chest rise; C = single objective criterion such as colorimetric carbon dioxide (CO,) detector, end-tidal carbon
dioxide (ETCO), saturation of peripheral oxygen (SpO2), or esophageal detector device (EDD); M = multiple objective criteria such as CO, detector, ETCO,, EDD,
SpO,, etc.; NS = not stated. Pediatric: M = mixed pediatric and adult; N = non-drug-facilitated, non-RSI; NS = not stated; Y = yes. Cardiac Arrest: M = mixture
of arrest and nonarrest patients; N = no; NS = not stated; Y = yes. Drug Assist: D = drug-facilitated; M = mixture of rapid-sequence intubation (RSI), non-RSI,
drug-facilitated, non-drug-facilitated; N = no; NS = not stated; R = RSI; Y = yes. Rescue Airway: M = mixture of rescue and primary airway; N = no; NS = not
stated; Y = yes.

APPENDIX 6. Characteristics of Needle Cricothyrotomy Studies

Type of Air Medical Patient Verification Cardiac  Drug  Rescue Sample Quality
First Author, Year* Design  Clinician Team Mix  Setting Verification Type Pediatric ~ Arrest ~ Assist Airway  Size Score
Bulger, 200212 R p N M G P NS NS M NS NS 8 2
Leibovici, 1997 R I/MD Y M NS P A N NS NS M 13 2
Nakayama, 199048 R NS NS T NS NS NS Y NS NS Y 2 3
Warner, 2009° p p N M G p M M M M Y 4 5

*For complete reference citations, see the reference list.

Key: Type of Design: B = before-after; P = prospective; R = retrospective. Clinician: E = emergency medical technician; I = international; MD = physician; N =
nurse; NS = not stated; P = paramedic; PA = physician assistant; RN = registered nurse. Air Medical Team: M = mixed; N = clinician not a member of air medical
team; NS = not stated; Y = clinician member of air medical team. Patient Mix: M = mixed; NS = not stated; NT = nontrauma; T = trauma. Setting: A = air
ambulance; G = ground ambulance; M = mixed; NS = not stated. Verification: ED = emergency department; NS = not stated; P = practitioner. Verification Type:
A = clinical assessment such as breath sounds and chest rise; C = single objective criterion such as colorimetric carbon dioxide (CO,) detector, end-tidal carbon
dioxide (ETCO,), saturation of peripheral oxygen (SpO.), or esophageal detector device (EDD); M = multiple objective criteria such as CO, detector, ETCO,, EDD,
SpOy, etc.; NS = not stated. Pediatric: M = mixed pediatric and adult; N = non-drug-facilitated, non-RSI; NS = not stated; Y = yes. Cardiac Arrest: M = mixture
of arrest and nonarrest patients; N = no; NS = not stated; Y = yes. Drug Assist: D = drug-facilitated; M = mixture of rapid-sequence intubation (RSI), non-RSI,
drug-facilitated, non-drug-facilitated; N = no; NS = not stated; R = RSI; Y = yes. Rescue Airway: M = mixture of rescue and primary airway; N = no; NS = not
stated; Y = yes.

APPENDIX 7. Characteristics of Surgical Cricothyrotomy Studies

Type of Air Medical Patient Verification Cardiac  Drug Rescue Sample Quality
First Author, Year* Design Clinician Team Mix  Setting Verification = Type Pediatric Arrest  Assist Airway Size  Score
Adams, 2008%* P  P/MD/PA/ Y M M ED M NS M NS M 17 3
CRNA
Bair, 2003% R N Y M A NS NS NS NS NS M 22 2
Boyle, 1993% R N Y M A P A M NS NS Y 69 3
Brofeldt, 19985! P N/MD Y NS A NS NS NS NS NS NS 13 2
Brown, 200152 R P/N Y M A P NS M N M Y 2 3
Bulger, 2002!2 R P N M G P NS NS M NS NS 24 2
Cook, 199153 R P/N Y T M P NS NS NS NS M 68 1
Fortune, 199774 R P N NS G P NS NS M NS NS 56 2
Gerich, 1998°® P I/MD/P Y T A ED M NS M M M 8 5
Germann, 200938 R P/N Y M A P M N NS M Y 6 5
Jacobson, 1996 R P N T G NS NS N M N M 50 5
Leibovici, 199710 R I/MD N M NS P A N NS NS M 16 2
Marcolini, 2004%7 R P Y M G ED NS N M Y Y 61 7
MclIntosh, 2008%8 R N/P Y M A P NS NS NS M M 16 1
Miklus, 1989 R N/MD Y M A NS NS M M NS Y 20 2
Robinson, 2001 R N/RT Y T A P A NS M N Y 8 4
Thomas, 19990 R N/P Y M M ED NS NS NS NS M 10 2
Warner, 2009° P P N M G P M M M M Y 11 6

*For complete reference citations, see the reference list.

Key: Type of Design: B = before-after; P = prospective; R = retrospective. Clinician: CRNA = certified registered nurse anesthetist; E = emergency medical technician;
I = international; MD = physician; N = nurse; NS = not stated; P = paramedic; PA = physician assistant; RN = registered nurse; RT = respiratory therapist.
Air Medical Team: M = mixed; N = clinician not a member of air medical team; NS = not stated; Y = clinician member of air medical team. Patient Mix: M =
mixed; NS = not stated; NT = nontrauma; T = trauma. Setting: A = air ambulance; G = ground ambulance; M = mixed; NS = not stated. Verification: ED =
emergency department; NS = not stated; P = practitioner. Verification Type: A = clinical assessment such as breath sounds and chest rise; C = single objective
criterion such as colorimetric carbon dioxide (CO;) detector, end-tidal carbon dioxide (ETCO,), saturation of peripheral oxygen (SpO;), or esophageal detector
device (EDD); M = multiple objective criteria such as CO; detector, ETCO,, EDD, SpO,, etc.; NS = not stated. Pediatric: M = mixed pediatric and adult; N =
non-drug-facilitated, non-RSI; NS = not stated; Y = yes. Cardiac Arrest: M = mixture of arrest and nonarrest patients; N = no; NS = not stated; Y = yes. Drug
Assist: D = drug-facilitated; M = mixture of rapid-sequence intubation (RSI), non-RSI, drug-facilitated, non-drug-facilitated; N = no; NS = not stated; R = RSI;
Y = yes. Rescue Airway: M = mixture of rescue and primary airway; N = no; NS = not stated; Y = yes.
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