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Abstract

Objectives—The objective was to compare the type, rate, and selection of injured patients for
out-of-hospital airway procedures among emergency medical services (EMS) agencies in 10 sites
across North America.

Methods—The authors analyzed a consecutive patient, prospective cohort registry of injured
adults and children with an out-of-hospital advanced airway attempt, collected from December 1,
2005, through February 28, 2007, by 181 EMS agencies in 10 sites across the United States and
Canada. Advanced airway procedures were defined as orotracheal intubation, nasotracheal
intubation, supraglottic airway, or cricothyrotomy. Airway procedure rates were calculated based
on age-specific population values for the 10 sites and the number of injured patients with field
physiologic abnormality (systolic blood pressure of <90 mm Hg, respiratory rate of <10 or >29
breaths / min, Glasgow Coma Scale [GCS] score of <12). Descriptive measures were used to
compare patients between sites.

Results—A total 1,738 patients had at least one advanced airway attempt and were included in
the analysis. There was wide variation between sites in the types of airway procedures performed,
including orotracheal intubation (63% to 99%), supraglottic airways (0 to 27%), nasotracheal
intubation (0 to 21%), and cricothyrotomy (0 to 2%). Use of rapid sequence intubation (RSI)
varied from 0% to 65%. The population-adjusted rates of field airway intervention (by site) ranged
from 1.2 to 22.8 per 100,000 adults and 0.2 to 4.0 per 100,000 children. Among trauma patients
with physiologic abnormality, some sites performed airway procedures in almost 50% of patients,
while other sites used these procedures in fewer than 10%. There was also large variation in
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demographic characteristics, physiologic measures, mechanism of injury, mode of transport, field
cardiopulmonary resuscitation, and unadjusted mortality among airway patients.

Conclusions—Among 10 sites across North America, there was wide variation in the types of
out-of-hospital airway procedures performed, population-based rates of airway intervention, and
the selection of injured patients for such procedures.
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trauma; emergency medical services; out-of-hospital; airway; intubation; epidemiology

Out-of-hospital rescuers often perform airway management during the resuscitation of
injured patients. Although standard indications for securing a “definitive” airway exist (e.g.,
Glasgow Coma Scale [GCS] score of <8, inability to maintain a patent airway, need for
airway protection, impending airway compromise, or inability to maintain adequate
oxygenation),! application of these principles in practice can be highly variable. Bulger et
al.2 observed large variation in the use of out-of-hospital procedures, including intubation
and rapid sequence intubation (RSI), among a group of seriously injured adult patients.?
There may also be variation in the types of field airways used for ventilation (e.qg.,
intubation, supraglottic, or bag-valve mask), although such differences have not been
quantified. Such practice variation may result from differences in training, assessment skills,
techniques, equipment, practice setting, medical oversight, patient acuity mix, or other
factors.

Variation in clinical practice is important because it could potentially affect outcomes.
While many studies have suggested an association between out-of-hospital intubation and
poor outcomes in trauma,3-10 others have demonstrated no effect (including one study with
trauma and medical patients)11-13 or improved outcomes. 14-16 A recent Cochrane review
evaluated previous observational studies, plus three controlled trials of field intubation
(injured and noninjured patients) that demonstrated no statistical difference in outcomes
over bag-valve mask ventilation or supraglottic airways.1’ Based on existing literature, the
effect of out-of-hospital intubation on outcomes among injured persons remains unclear.
Challenges in interpreting such research include differences in inclusion criteria, patient
sampling, control groups, types of outcomes assessed, analytic methods, and emergency
medical services (EMS) system characteristics. However, systematic differences in the
selection of patients for field airway procedures, plus the types of airway procedures
performed, may also explain some of the variation in results between airway studies.

In this study, we sought to assess variation in the type, rate, and selection of injured patients
for out-of-hospital advanced airway procedures among a population-based cohort sampled
from diverse EMS agencies in 10 sites across North America. This study was not designed
to assess outcomes related to EMS airway practices, but rather the process and frequency of
use between different EMS systems.

METHODS

Study Design

This was a secondary analysis of an out-of-hospital, consecutive patient, prospective cohort
registry of injured children and adults with an out-of-hospital airway procedure attempt. A
total of 153 institutional review boards / research ethics boards (127 hospital-based and 26
EMS agency-based) in both the United States and Canada reviewed and approved the
Resuscitation Outcomes Consortium (ROC) epidemiologic out-of-hospital trauma registry
(the “ROC Epistry-Trauma”) project and waived the requirement for informed consent.
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Study Setting and Population

These data were collected as part of the ROC Epistry-Trauma project, described elsewhere
in detail.18 Population- based data were collected from December 1, 2005, through February
28, 2007, by 181 EMS agencies in 10 sites across the United States and Canada. The
participating sites included seven U.S. locations (Birmingham, AL; Dallas, TX; lowa City,
IA; Milwaukee, WI; Pittsburgh, PA; Portland, OR; and Seattle / King County, WA) and
three Canadian regions (Ottawa, ON; Toronto, ON; and Vancouver, BC). The 10 sites varied
in size, location, geographic diversity, and EMS system structure and are described in detail
in a separate publication. 1°

The primary study cohort consisted of consecutive injured children and adults requiring 1)
activation of the emergency 9-1-1 system, 2) EMS provider evaluation within predefined
geographic regions at each ROC site, and 3) an attempted out-of-hospital airway procedure
(orotracheal intubation, nasotracheal intubation, supraglottic airway, or cricothyrotomy),
regardless of success. Two additional site-specific populations were used as denominators to
calculate airway procedure rates: 2000 Census Bureau age-specific population data for each
ROC site and injured patients with out-of-hospital physiologic abnormality (systolic blood
pressure [sBP] of <90 mm Hg, respiratory rate of <10 or >29 breaths per minute, or GCS
score of <12).20 “Injury” was broadly defined as any blunt, penetrating, or burn mechanism
where the EMS provider(s) believed trauma to be the primary clinical insult. Injured persons
meeting the inclusion criteria were included in the study regardless of subsequent events
(i.e., transport vs. field termination of resuscitation) or type of hospital to which they were
transported (i.e., trauma center vs. nontrauma center). Patients judged by EMS responders to
be dead on EMS arrival with no resuscitation attempted were excluded from this analysis.
The dates for enrollment and the resulting sample size were based on the initial inception of
the ROC Epistry-Trauma database (December 1, 2005) through the most recent date
demonstrating comprehensive case capture and a high rate of outcome completion (February
28, 2007).

Study Protocol

Methods of Measurement—The type of out-of-hospital airway procedure attempt was
categorized as endotracheal intubation, nasotracheal intubation, supraglottic airway insertion
(e.g., Combitube, King airway, esophageal obturator airway, laryngeal mask airway), or
cricothyrotomy. All attempted airway procedures were tracked based on EMS provider
documentation in out-of-hospital patient care reports. Airway procedures were captured
regardless of success (i.e., the same patient could have had multiple types of airway
procedures).

Additional out-of-hospital variables included sBP (mm Hg), respiratory rate (breaths / min),
GCS score, pulse rate (beats / min), pulse oximetry (percentage oxy-hemoglobin saturation),
shock index (pulse rate / sSBP), age (years), sex, type of injury (penetrating, blunt, burn), and
mode of transport (air medical versus ground). For physiologic measures, initial values were
used to minimize the potential bias inherent in analyzing subsequent values. However, as a
supplemental analysis, we assessed the “worst” out-of-hospital physiologic values (either
on-scene or enroute), to examine the extent to which considering only the initial vital signs
may have led to misclassification of patients due to deteriorating clinical status after the
initial assessment. Mortality following field resuscitative efforts (field, emergency
department [ED], and in-hospital) was also tracked and used to describe the sample. In
addition, we obtained information for the population served within each ROC site, total
number of EMS providers, and total number of paramedic providers (full-time, part-time,
and volunteer).

Acad Emerg Med. Author manuscript; available in PMC 2014 March 14.
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Data Collection and Processing—All variables were collected by on-scene EMS
providers, rather than based on information provided after in-hospital evaluation.
Investigative teams at each ROC site identified eligible out-of-hospital trauma patients from
participating EMS agencies at the site. Standardized data were collected from each agency at
regular intervals, processed locally, entered into standardized data forms, matched to
hospital outcomes, deidentified, and submitted to a central data coordinating center. Quality
assurance processes at ROC sites included EMS provider data collection training, data
element range and consistency checks in both the Web-based data entry forms and batch
upload processes, and annual site visits to review randomly selected study records, data
capture processes, and site-specific mechanisms for quality assurance.1®

To minimize the potential for selection bias, case enrollment for ROC Epistry-Trauma was
continually evaluated during data collection for each EMS agency. Agencies with
substantially higher or lower monthly case capture relative to their average (using a Poisson
distribution with a 5% cutoff) were sent inquiries to understand whether fluctuations were
secondary to natural variation and other explainable trends versus biased case capture. These
assessments were used to improve identification of eligible patients and to select a time
period for this sample when appropriate case capture was uniformly present.

Data Analysis

RESULTS

We used descriptive statistics (median, interquartile range, proportions) to assess sample
characteristics across the 10 sites. Rates of airway management for each site were calculated
using census data for the region served by EMS agencies in each ROC site (age and
population-adjusted rates) and using injured patients with out-of-hospital physiologic
abnormality in these sites. All rates were calculated based on age-specific values for
children (<19 years) and adults (=20 years); age groups were selected to conform to census
age categories. When describing different types of airway procedures, the proportions do not
necessarily add to 100% because multiple procedures could have been performed on the
same patient. All analyses performed for this manuscript used SAS v9.1 (SAS Institute,
Cary, NC).

There were 9,075 out-of-hospital trauma patients included in the ROC Epistry-Trauma
database over the 15-month period. After excluding patients with incomplete out-of-hospital
data forms (n = 78) and death in the field without resuscitative efforts (n = 1,070), there
were 1,738 patients with at least one advanced airway procedure attempt (the primary
cohort) and an additional 6,189 nonairway patients with field physiologic abnormality. A
total of 181 EMS agencies in 10 sites contributed data for this analysis.

There was large variation in demographic characteristics, physiologic measures, injury type,
cardiopulmonary resuscitation (CPR) rates, and mode of transport between sites for injured
patients selected for airway procedures (Table 1). Comparison of the proportion of patients
with out-of-hospital CPR, field hypotension (sBP < 90 mm Hg), depressed GCS score (GCS
score < 8), and penetrating injury demonstrated variation in the clinical severity and acuity
of patients undergoing airway procedures between sites. Unadjusted mortality rates among
trauma patients receiving airway interventions ranged from 26% to 88%. Among trauma
patients with initial GCS score of <8, the proportion with airway intervention ranged from
21% to 76% among adults and 30% to 86% among children (data not shown).

There were also large differences in the total number of EMS providers per site, and the
number and proportion of paramedic providers. The number of traumarelated orotracheal
intubations performed annually per paramedic at each site ranged from 0.08 to 0.19 in most
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sites, with two sites having substantially higher rates (Table 1). Sites with higher average
annual rates of trauma intubations per paramedic tended to have a smaller number of
paramedics relative to the total number of EMS providers.

There were wide differences in the types of airway devices and airway procedures used at
each site (Figure 1, Table 2). Among patients receiving advanced airway interventions,
orotracheal intubation use ranged from 63% to 99%, nasotracheal intubation ranged from
0% to 21%, and supraglottic airway use ranged from 0% to 27%. Sites with lower rates of
orotracheal intubations (calculated as a proportion of all trauma patients with airway
procedures) tended to have higher rates of alternate airway procedures (supraglottic and
nasotracheal airways). Cricothyrotomy was rare, occurring only eight times across four sites
during the 15-month study period.

Figure 2 illustrates airway procedure rates for children and adults using two denominators:
age-specific population “at risk” (population-adjusted rates) and injured patients with out-of-
hospital physiologic abnormality. There were substantial differences in the population-
adjusted rate of airway procedures between sites, ranging from 1.2 to 22.8 per 100,000
adults and 0.2 to 4.0 per 100,000 children. The relative differences in rates between sites
were mirrored for adults and children (i.e., sites that had a high rate of airway procedures
among adults tended to have similarly high procedure rates for children). There were
notably fewer children than adults undergoing field airway procedures, evidenced in both
the absolute number and the population-adjusted rates of airway attempts. The airway
procedure rate among patients with physiologic abnormality also differed by site and did not
necessarily parallel the population-adjusted rates. The proportion of physiologically unstable
trauma patients with an airway procedure attempt approached 50% in some sites, but was
less than 10% in others.

Five of the 10 sites used RSI for trauma patients during the study period (Figure 1).
Comparison of physiologic measures for trauma airway patients with and without RSI
suggested substantial differences between these groups. Patients having airway procedures
performed without the use of RSI (vs. with RSI) demonstrated a substantially higher
proportion with GCS score of <8 (75.7% vs. 45.0%), sBP of <90 mm Hg (40.5% vs. 16.5%),
respiratory rates of <10 or >29 (49.4% vs. 22.1%) breaths / min, and field CPR (40.7% vs.
3.6%). Comparison of these physiologic measures suggests inherent differences in the
clinical acuity and prognosis of patients selected for RSI to facilitate airway procedures
versus those where RSI was not used.

DISCUSSION

We observed substantial variations in the type, rate, and selection of patients for out-of-
hospital advanced airway procedures in a population-based injury sample from 10 sites
across North America. These results complement the recent work by Bulger et al.2
demonstrating similar variation in intubation rates among a cohort of seriously injured
adults. Our findings suggest that there are substantive differences in how field airway
procedures are performed, their frequency of use, and the types of patients selected for such
procedures across sites. Variation in airway procedure rates persisted when compared using
age- and population-adjusted rates.

There are several important distinctions and implications from this study. Patients included
in this project were sampled prospectively with a population-based sampling design from
the out-of-hospital perspective, contrasting with studies using hospital-based registries and
hospital-based restrictions (e.g., injury severity, hospital type). We also quantified the use of
different types of airway procedures (including supraglottic airways) and adjuncts between
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EMS systems. Because airway intervention in this study was defined based on attempt rather
than procedural success, we were able to assess the variety of airway procedure types that
may be employed on the same patient. In addition, the patients in this study originated from
mature EMS systems with well-established oversight, training, and medical direction
programs.

The observed variation in airway management strategies between mature EMS systems
likely underestimates the true variation between EMS systems across the rest of North
America. The variation in patients selected for airway procedures is noteworthy, as these
findings suggest different approaches to airway management in trauma and that such
patients with attempted airway procedures may not be inherently comparable between sites.
For example, the use of RSI to facilitate airway procedures appeared to be associated with
higher airway procedure rates and was used in patients with an inherently better prognosis,
likely reflective of the need for pharmacologic adjuncts to facilitate intubation (e.g.,
compared to a patient with GCS 3 who may be readily intubated without such assistance).
Similar findings have been demonstrated in previous research.?! Patients intubated with the
assistance of RSI may not have been intubated in a system lacking the availability of such
pharmacologic adjuncts. It is unclear whether site differences in unadjusted mortality for
trauma patients undergoing airway procedures are partially explained by prognostic
differences in patients selected for such procedures. Although we demonstrate variation
between sites, it is also unclear whether such variation is driven by factors related to sites,
EMS agencies, EMS medical oversight, treatment protocols, or individual providers. Our
results suggest that any prospective airway management clinical trial must have very
specific and standardized criteria for the selection of patients requiring field airway
management, plus standardized airway procedure options.

These observations provide insight regarding the out-of-hospital approach to trauma airway
management. For example, our results suggest that the selection of patients for out-of-
hospital airway management is not standardized, with some EMS systems using airway
procedures liberally and others more restrictively. If the selection of patients for field airway
procedures (rather than the procedure itself) is associated with prognosis and outcome, then
restrictive versus liberal selection of such patients may influence the apparent association
between airway intervention and outcome. That is, variability in the selection of patients for
out-of-hospital airway procedures may explain some of the variation in outcomes
demonstrated in previous observational studies.

Our findings also suggest concern regarding the frequency of airway procedures performed
(e.g., intubation) and skill retention among paramedic providers. While these data only
apply to trauma-related out-of-hospital airway procedures (representing just a portion of
field airway procedures performed), we observed 27-fold variation in the average per-
rescuer trauma airway procedures. Low procedural frequency may be linked with an
increased training burden. Maintenance of skills for cricothyrotomy is also a concern, as this
procedure was performed rarely and only in four sites across the 15-month study period. In
some settings, noninvasive ventilation procedures (e.g., bag-mask ventilation, supraglottic
devices) may be viable alternatives, requiring less training and experience for skill retention;
supraglottic devices can be used by nonparamedic EMS responders in some regions. Others
have suggested modifying EMS system design to concentrate out-of-hospital airway
experience among a limited number of advanced airway providers, where continued training
and skill maintenance is a priority.2223 In our study, the total number of paramedics
employed within an EMS system did appear to be related to procedural experience, with
systems employing a smaller number of paramedics exhibiting much higher average trauma
intubation experience. These issues may be magnified among children due to the unique
complexities in pediatric airway management and the markedly lower frequency of airway
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procedures compared to adults. Similar issues regarding maintaining proficiency of low-
frequency / high-complexity skills have been raised in previous research.24-27 While this
study was not designed to identify the ideal annual number of trauma intubations per
provider, best practice guidelines, or the appropriate role of field airway procedures in
injured patients, our results do demonstrate the large variability in trauma airway practices
between EMS systems and the need for further research to detail best practices and
evidence-based EMS guidelines for field airway management.

LIMITATIONS

We did not track airway procedures by individual providers and were therefore unable to
assess variation on a provider level. However, such variation in the frequency of intubation
procedures has been previously demonstrated. 2526 Attempted airway procedures were
based on EMS provider documentation, so if some airway procedures were not charted, it is
possible that our results underestimate the true number of airway attempts. We believe that
such a scenario was unlikely, because airway interventions were closely tracked in most of
these EMS systems. It is also possible that other factors, such as EMS medical oversight,
training programs, treatment protocols, differences in EMS culture, differences in provider
scope of practice between states and countries, or other unmeasured patient factors also
contributed to differences in field airway use between sites. In addition, we were unable to
assess the level of provider performing the airway procedure, as nonparamedic providers can
perform certain airway procedures (e.g., supraglottic airway placement) in some regions.
Further, we did not track the order in which procedures were performed. Therefore, we were
unable to directly estimate whether procedures such as supraglottic airways were used for
primary airway management or as rescue devices for failed orotracheal intubations. Sites
with lower orotracheal intubation rates tended to have higher alternate airway procedure
rates, suggesting that alternate airway procedures were used as a primary airway
management strategy for certain patients, although this could not be directly determined.

We did not track success rates for airway management procedures, as such measures were
not collected in standardized fashion by all sites. This study was also not designed to
examine outcome differences between different airway management strategies. Similar to
the study by Bulger et al., we used a GCS score of <8 as a standardized measure of airway
“need” to increase comparability between sites in the use of airway procedures. However, a
single value for mentation does not adequately represent the dynamic presentations of
trauma patients, with changing clinical status, mentation, respiratory drive, transport time,
mode of transport (e.g., air medical), and other factors that may affect the decision to
manage the airway. Finally, although we used several mechanisms to assure comprehensive
case capture, it is possible that some of the variation demonstrated in this study was
secondary to differences in case identification (ascertainment bias) or EMS agency
participation between sites.

CONCLUSIONS

There was wide variation in the types of out-of-hospital airway procedures performed, the
population-based rates of airway intervention, and the selection of injured patients for such
procedures. These results suggest not only variation in clinical practice patterns and
approaches to airway management in trauma, but also lack of comparability among trauma
patients having field airway procedures performed at different sites and emergency medical
services systems across North America.
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Rate of out-of-hospital advanced airway procedure use among injured children (n = 229) and
adults (n = 1431) at 10 sites. The primary (left-hand) axis and bar graphs represent age-
specific trauma airway procedure rates per 100,000 population. The secondary (right-hand)
axis and symbols demonstrate the age-specific airway procedure rate per 100 “major
trauma” (field physiologic abnormality) patients. Axes have been truncated for clarity.
Primary (left vertical) axis legend = trauma airway procedure rate per 100,000 population.
Secondary (right vertical) axis legend = airway procedure rate per 100 major trauma
patients.
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