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Abstract

Background—Airway management remains a fundamental component of optimal care of the
severely injured patient, with endotracheal intubation representing the definitive strategy for
airway control. However, multiple studies document an association between early intubation and
increased mortality.
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Objectives—To explore the relationship between intubation attempts and outcome across sites
participating in the Resuscitation Outcomes Consortium (ROC).

Methods—The ROC Epistry — Trauma, an epidemiologic database of prehospital encounters
with critically injured trauma victims, was used to identify EMS-treated patients with Glasgow
Coma Scale (GCS) score < 8. Multiple logistic regression was used to explore the association
between intubation attempts and vital status at discharge adjusting for the following covariates:
age, gender, GCS score, hypotension, mechanism of injury, and ROC site. Sites were then
stratified by frequency of intubation attempts and chi-square test for trend used to associate the
frequency of intubation attempts with outcome.

Results—1,555 patients were included in this analysis; intubation was attempted in 758 (49%) of
these. Patients in whom intubation was attempted had higher mortality (adjusted odds ratio 2.91,
95% ClI 2.13-3.98, p<0.01). However, sites with higher rates of attempted intubation had lower
mortality across all trauma victims with GCS < 8 (OR 1.40, 95% CI 1.15-1.72, p<0.01).

Conclusions—~Patients in whom intubation is attempted have higher adjusted mortality.
However, sites with a higher rate of attempted intubation have lower adjusted mortality across the
entire cohort of trauma patients with GCS < 8.

Keywords

prehospital intubation; traumatic brain injury; airway management; paramedic; outcomes; major
trauma victim; ventilation

Introduction

Airway management is considered to be fundamental in early trauma care, with endotracheal
intubation (ETI) considered definitive treatment. Indeed, the axiom “GCS 8, intubate”
reflects the widespread belief that patients suffering traumatic coma should undergo early
ETI, with potential benefits including airway protection from aspiration, improved
oxygenation, and control of ventilation (1). The perceived importance of this intervention
has led to the performance of ETI by out-of-hospital providers for over three decades, and
many emergency medical services (EMS) systems have extended the use of neuromuscular
blocking agents to out-of-hospital providers through rapid sequence intubation (RSI)
protocols in an effort to optimize the process and increase ETI success rates (2).

Despite the widespread use of intubation in the out-of-hospital resuscitation of trauma
patients, clinical evidence to support this approach is limited. Multiple investigators have
demonstrated an association between out-of-hospital ETI and increased mortality for
patients with severe traumatic brain injury (TBI) (3-8). This may reflect some degree of
selection bias, with patients who are able to be intubated without RSI likely suffering
devastating neurologic injury that is not adequately quantified by covariates such as
Glasgow Coma Scale (GCS) score or head abbreviated injury score (AlS). However, it is
conceivable that intubation itself may lead to physiological insults, such as a rise in
intracranial pressure (ICP) with laryngoscopy, oxygen desaturation during intubation
attempts, or hypocapnia-induced cerebral ischemia from inadvertent post-intubation
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hyperventilation (9-11). Thus, the true therapeutic benefit — or harm — with out-of-hospital
ETI remains uncertain.

The Resuscitation Outcomes Consortium (ROC) is a large out-of-hospital research network,
with over 200 participating EMS agencies serving a total population of almost 25 million
(12). In addition, ROC analyses utilize systematically collected out-of-hospital records
rather than relying on trauma registries derived from inpatient data not available to out-of-
hospital personnel (13). Finally, the multicenter nature of the network allows novel
comparisons that capitalize on inherent differences in EMS configuration and approach to
care. In this study, we explore the association between out-of-hospital intubation attempts
and outcome among trauma patients with GCS < 8 using the ROC Epistry database.

Study Design

Setting

Subjects

These observational data were collected prospectively as part of the ROC trauma registry
(ROC Epistry — Trauma). A detailed description of the registry methodology has been
previously published (13). This analysis was performed using an out-of-hospital,
consecutive-patient cohort registry of trauma victims 15 years and older for whom out-of-
hospital treatment was initiated and physiologic abnormality was present in the field. One
hundred fifty-three Institutional Review Boards/Research Ethics Boards (127 hospital-based
and 26 EMS agency-based) in both the U.S. and Canada reviewed and approved the ROC
Epistry-Trauma project and waived the requirement for informed consent under minimal-
risk criteria.

The 10 participating major regional research centers included 7 U.S. locations (Birmingham,
AL; Dallas, TX; lowa; Milwaukee, WI; Pittsburgh, PA; Portland, OR; Seattle and King
County, WA) and 3 Canadian locations (Ottawa, ON; Toronto, ON; and VVancouver, BC)
serving a combined population of almost 25 million persons. One ROC site was not included
in the analysis. The variability across the 10 sites with regard to size, location, geographic
diversity, and EMS system structure has been described elsewhere (12). Episodes for this
analysis occurred between December 1, 2005 and May 31, 2007 and were cared for by more
than 36,000 EMS providers representing 237 EMS agencies and transporting to 189
designated trauma receiving hospitals and 98 non-trauma hospitals. The analysis used data
available through September 2008.

The study cohort consisted of consecutive injured adults (age 15 years and older) requiring
activation of the emergency 9-1-1 system within predefined geographic regions at each ROC
site. Patients included in the ROC Epistry — Trauma must have undergone evaluation and
treatment by EMS personnel and met one or more of the following physiologic inclusion
criteria at some time during their prehospital course: SBP < 90 mmHg, respiratory rate <10
or >29 breaths/min, GCS < 12, or attempts at invasive airway management (ETI,
cricothyrotomy, supraglottic airway insertion). These were derived from physiological
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criteria contained in the Revised Trauma Score (14). “Injury” is broadly defined as any
blunt, penetrating, or burn mechanism believed by EMS provider(s) to represent the primary
clinical insult. For this analysis, only patients with GCS < 8 were included. Patients without
vital signs on EMS arrival, with unknown vital status, or for whom no resuscitative attempt
was made were excluded from this analysis.

Methods of Measurement

This analysis included the following prehospital variables: age (years), gender, mechanism
of injury (blunt versus penetrating), initial SBP (mmHg), initial respiratory rate (breaths/
min), initial GCS prior to intubation, initial heart rate (beats/minute), intubation attempts
(ETI or cricothyrotomy), the use of neuromuscular blocking agents as part of a rapid
sequence intubation (RSI) protocol, and transport status (transported to ED, nontransported).
The primary outcome of survival to hospital discharge was determined from ED and
inpatient records for transported patients.

Data Collection and Processing

Research personnel at each ROC site screened EMS patient care records at regular intervals
to identify eligible patients. Abstracted data were entered into standardized web-based data
forms, matched to hospital outcomes, de-identified, and submitted to a central data
coordinating center (DCC). Quality assurance processes at each ROC site included: training
of ROC data abstractors in data collection and variable definition, routine data element
range and consistency checks by the DCC, and annual site visits by DCC personnel to
review original records for input accuracy. In addition, monthly ROC Epistry — Trauma case
enrollment for each site and for individual EMS agencies was continually evaluated during
data collection. Sites or agencies with substantially higher or lower case capture for a
particular month relative to their average, as determined using a Poisson distribution with a
5% cutoff, were sent inquiries to determine whether such fluctuations were secondary to
natural variation or some other identifiable trend or represented incomplete episode
identification.

Outcome Measures

Survival to hospital discharge was the primary outcome measure for this analysis. While this
does not allow evaluation of functional status at discharge, which is clearly important for
outcomes following traumatic brain injury, more detailed hospital-based outcomes were not
feasible due to limited resources available for hospital chart abstraction as well as approval
of the study by IRBs under exception from documented written consent under minimal risk
criteria limiting access to patient data.

Primary Data Analysis

The primary objective of this analysis was to explore the relationship between prehospital
airway management practice and outcome for trauma patients with GCS < 8. Logistic
regression was to quantify the association between attempts at invasive airway management
(ETI or cricothyrotomy) and vital status at discharge, adjusting for multiple known
confounders of outcome from severe traumatic injury. Patients were stratified into
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“intubation attempt” and “no intubation attempt” cohorts. ROC did not collect the “success”
of the intubation nor the number of attempts tried per patients but only that at least one
attempt was made and the type of advanced airway attempted. The intubation cohort was
defined by attempts at ETI, with or without use of RSI medications, or cricothyrotomy.
Univariate analysis (two-sample t-test allowing for unequal variances, Mann Whitney U,
likelihood-ratio chi-square test) was used to compare baseline characteristics between the
patients with and without intubation attempts. Multivariate logistic regression was then
performed using the following covariates: age (continuous in years), gender, initial pre-
intubation GCS score, initial SBP <90 mmHg, mechanism of injury (blunt vs. penetrating),
and ROC site. Odds ratios (95% confidence intervals) were used to quantify all associations.

Individual study sites were then stratified by compared with regard to the adjusted mortality
for all trauma patients with GCS < 8. The proportion of patients with GCS < 8 undergoing
intubation (ETI or cricothyrotomy) and overall mortality was then determined for each ROC
site. The lowest GCS value recorded prior to advanced airway management was used. Sites
were then stratified by the frequency of intubation among patients with GCS < 8, with
graphical analysis performed using the odds ratios calculated as part of the logistic
regression analysis using the same covariates described above. In addition, chi-square test
for linear trend used to assess the relationship between site-level intubation rate and
mortality for the entire cohort of patients with GCS < 8 and for intubated patients with GCS
< 8. This approach capitalizes on the natural inter-site variability with regard to airway
management practices to determine whether an increased frequency of intubation attempts
was associated with higher or lower mortality rates. During the time period for this analysis,
EMS protocols at all ROC sites recommended consideration of advanced airway
management strategies including intubation for patients with GCS < 8. Selected sites also
allowed the use of RSI by ground units to facilitate intubation, while all sites allowed use of
RSI by air medical crews.

A p-value <0.05 was used to define statistical significance for all comparisons. All analyses
performed for this manuscript used SAS v9.1 (The SAS Institute, Inc. Cary, NC) and R
v2.4.0 and the rpart library v3.1-32 (Free Software Foundation Inc., Boston MA).

A total of 1,575 trauma patients with GCS < 8 were identified from the ROC Epistry over
the 16-month study period. Intubation status and survival were documented in all patients,
and first GCS score was missing in only 1.3% of patients, resulting in a study cohort for this
analysis of 1,555 patients. Characteristics of patients with (n=758) and without (n=797)
attempts at intubation are displayed in Table 1. Patients in the intubation cohort appeared to
be more critically injured as evidenced by lower GCS scores, a higher incidence of
hypotension (SBP<90 mmHg), and higher mortality. Penetrating trauma also tended to be
more common in the intubation group. In addition, scene times were almost 6 minutes
longer in the intubation cohort. As anticipated, intubation was associated with increased
mortality when adjusted for increasing age, gender, lowest GCS score, hypotension, and site
(OR 2.91, 95% CI 2.13-3.98, p<0.01) (Figure 1). With the use of neuromuscular blocking
agents incorporated into the model, intubation without RSI was associated with increased
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mortality (OR 2.78, 95% CI 2.03-3.80, p<0.01). The association between intubation with
RSI and mortality did not reach statistical significance (OR 1.33, 95% CI 0.78-2.26,
p=0.30). Clinical characteristics of survivors (n=324) and non-survivors (n=434) among
patients with intubation attempts are displayed in Table 2.

Substantial variability was observed between study sites with regard to the proportion of
trauma patients with GCS < 8 undergoing intubation attempts as well as overall survival
(Table 3). Sites with higher intubation attempt rates had lower mortality for all trauma
patients with GCS < 8 (p=0.018) and for those undergoing intubation attempts (p<0.0001).
These results were unchanged with exclusion of patients with absent vital signs on initial
EMS evaluation. The five sites with the lowest intubation rate among patients with GCS < 8
had higher mortality than the five sites with the highest frequency of intubation (50% vs.
41%, OR 1.40, 95% CI 1.15-1.72, p<0.01). Figure 2 presents the adjusted odds ratio of
mortality among all patients with GCS < 8, with sites ordered from highest to lowest
frequency of intubation.

Not all sites had complete data in the first several months and some data were incomplete in
the final months of the study period. A sensitivity analysis was performed by restricting the
episode dates to March 2008 through November 2008. This actually amplified the
relationships reported here with stronger odds ratios and smaller p-values.

Discussion

While recommendations to intubate comatose trauma patients are ubiquitous, these are
based primarily on the theoretical benefits of preventing or correcting hypoxemia and
protecting from aspiration, with little empirical data to support this approach (1). We
analyzed the ROC Epistry — Trauma database to explore the association between prehospital
intubation and outcome. An expected increase in mortality was observed for patients
undergoing intubation attempts, even after adjusting for known multiple prehospital
confounders. However, study sites with higher rates of attempted intubation also had lower
adjusted mortality for all trauma patients with GCS < 8. These data, which capitalize upon
the natural variability in practice across ROC sites, supporting a potential benefit to
prehospital intubation.

Previous regression analyses have documented an association between prehospital
intubation and increased mortality (3—7). Most prior investigations have utilized data from
trauma registries with limited prehospital data, identifying eligible patients using a head AIS
score of 3 or greater and adjusting for a combination of early clinical and injury severity
data. Despite the inclusion of tens of thousands of patients and adjustment for dozens of
variables affecting outcome from TBI, the association between prehospital intubation and
mortality has persisted, raising questions about the benefit — or potential harm — with routine
application of this procedure by EMS personnel (15). Our study results are unique in that
our cohort of patients is defined by prehospital GCS score rather than data available only
following transport to the ED. However, none of these analyses — including our own — avoid
the possibility that a patient who is determined by prehospital personnel to require intubation
is likely to have suffered a devastating neurologic injury that is not adequately quantified by
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measures such as GCS score or head AlS. Thus, selection bias may very well explain the
finding that prehospital intubation is associated with increased mortality in trauma.

Two prospective studies using different methodological approaches both failed to
demonstrate a benefit with prehospital intubation. Gauche et al performed a prospective,
controlled trial in Los Angeles County to assess the impact of a ETI protocol vs. bag-valve-
mask (BVM) ventilation alone on outcome in pediatric patients requiring ventilatory
assistance for both traumatic and medical conditions (16). After a brief training session that
included practice with both BVM ventilation and pediatric ETI, paramedics attempted
intubation or performed BVM ventilation alone on alternating days. The authors observed
no difference in overall survival between the two cohorts, with increased mortality among
certain pre-specified subgroups exposed to the ETI protocol. However, it is difficult to
determine the efficacy of prehospital ETI from their study, as the low intubation success rate
(42%) in the ETI cohort and the heterogeneity of diseases included may have masked or
diluted a true positive or negative effect. Furthermore, the subsequent ventilation patterns
were not assessed.. Stiell et al conducted a study utilizing a before-and-after methodology
(8). They explored the impact of introducing paramedics as part of an Advanced Life
Support (ALS) protocol on outcomes from various patients in the multiphase before-after
Ontario Prehospital Advanced Life Support (OPALS) study. With regard to traumatic injury,
the authors observed no overall difference in mortality in the pre- versus post-ALS periods.
However, mortality was increased during the ALS period in the subgroup of patients with
GCS < 8. The authors speculate that the introduction of ETI may have been responsible for
the increase in mortality. Again, they were unable to quantify the appropriateness of
ventilation.

The only evidence supporting prehospital non-RSI ETI in traumatic coma came from
Winchell and Hoyt utilizing data from the San Diego County trauma registry. These patients
were stratified by GCS (3 versus 4-8) and by isolated TBI vs. multi-system trauma using
extracranial AlIS (17). They observed an absolute survival benefit of over 20 percent with
prehospital ETI in patients with isolated TBI. However, there was no adjustment for
different covariates, and the rate of prehospital intubation was lower for patients with GCS 3
versus GCS 4-8, possibly reflecting some form of selection bias. Two other studies
documented improved outcomes among patients with severe TBI following prehospital use
of neuromuscular blocking agents to facilitate ETI (18, 19). However, in both studies the
comparison groups consisted largely of patients intubated without RSI medications, making
it difficult to determine the true impact of intubation on outcome.

Stratifying the ROC study sites based on intubation attempt rates reveals decreased mortality
among all trauma patients with GCS < 8 in sites with more frequent intubation attempts.
Although our data are not suitable for confirming a direct causal relationship, as intubation
may be a surrogate marker for other variables affecting outcome, it does suggest a potential
benefit to a more aggressive airway management approach. It is also possible that a higher
frequency of intubation leads to greater familiarity with and better performance of the
procedure and avoidance of “mistakes” that have been previously linked to survival, such as
multiple attempts, oxygen desaturation, or unrecognized esophageal intubation (20-26).
Indeed, the importance of skills maintenance and the potential impact on survival is
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becoming recognized as a critical issue in EMS (11, 20-22). Sites with higher intubation
rates may also have a lower incidence of hyperventilation, which may occur to a lesser
degree in EMS systems with greater experience with ETI and subsequent ventilation (10, 11,
23-26). The adverse hemodynamic effects of positive-pressure ventilation, hypocapnia-
induced ischemia, and the rapid rise in pro-inflammatory cytokines as a result of injurious
ventilation may overwhelm any potential benefits of ETI with regard to airway protection or
improved oxygenation (27-40). Lastly, the potential for harm caused by hyperoxemia has
only recently been recognized but may potentially be responsible for a portion of the adverse
outcomes associated with intubation (41-43).

Despite the large sample size and relatively comprehensive dataset, we acknowledge
multiple study limitations must be considered when interpreting these results. The ROC
Epistry — Trauma does not include inpatient assessment data such as AlS that could allow
better models to adjust for injury severity. The absence of SpO2, ventilation rate, or end-
tidal CO2 data eliminates our ability to account for some of the most important covariates
associated with prehospital airway management. We could not separate decreased level of
consciousness due to TBI vs. hypotension due to traumatic shock, which may have very
different responses to intubation and mechanical ventilation. In addition, we did not have
morbidity information, with the main outcome limited to mortality.

We included both non-RSI and RSI patients in the site-level analysis. An EMS system using
neuromuscular blocking agents would be expected to have a higher intubation rate and may
include providers with greater experience or more intense training. In addition,
implementing paramedic RSI may be part of what defines a more aggressive EMS system.
The absence of paramedic RSI protocols in most sites may explain the relatively low overall
intubation rate despite protocols suggesting that all trauma patients with GCS < 8 should
undergo attempts at intubation. We were unable to quantify the number of intubations for
each provider and did not calculate the number of intubations per paramedic in each site,
both of which may be important predictors of intubation performance and outcome. We also
made the decision not to consider supraglottic airway insertion as an attempt at intubation.
However, it is certainly possible that the benefits of endotracheal intubation can be achieved
with fewer complications using these less invasive devices. Finally, the ROC Epistry —
Trauma does not record the success of intubation but merely whether attempts were made.
While this does not allow us to determine the impact of successful intubation on outcome
from traumatic coma, it offers the more operational metric of an association between
intubation attempts and outcome, which may help guide prehospital protocols. In addition,
prior data document fairly high rates of intubation success once attempts are initiated (49).

Conclusions

Our results from a major trauma registry with protocol-driven data collection demonstrate a
decrease in adjusted mortality for trauma patients with GCS < 8. While causation cannot be
inferred, these data support a more aggressive approach to prehospital airway management.
Randomized trials are needed to better define the role of prehosptial intubation for patients

with severe traumatic injuries.
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Figure 1.
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Logistic regression analysis with adjusted odds of mortality for various parameters.
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Figure 2.

Site-level analysis exploring the relationship between intubation rate and outcome for all
patients with GCS < 8. Sites are arranged from highest attempted intubation rate on top to
lowest attempted intubation rate on bottom. Adjusted odds of mortality are displayed.

Prehosp Emerg Care. Author manuscript; available in PMC 2014 July 10.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Davis et al. Page 14

Table 1

Demographic and clinical variables for intubated and non-intubated patients included in this analysis.

Parameter | Intubation cohort | Non-intubation cohort | p-value

Number of subjects [#] | 758 | 797 |

Age in years [mean(sd)] 42.1(19.1) 43.5(19.3) 0.16
missing [#] 0 0

Male [%] 75.1 76.5 0.56
missing [#] 2 0

Mechanism
Blunt [%] 77.3 82.7 0.008
Penetrating [%] 18.7 12.7 0.001
Other [%] 4.0 4.6 0.51
Missing [#] 0 0

Prehospital airway

ET [%] 99.6 0.0 <0.0001
RSI [%] 23.9

Cricothyrotomy [%] 0.7 0.0 0.007
Supraglottic [%] 4.0 3.8 0.90
Missing [#] 0 0

Prehospital times

Response [mean(sd)] 6.4 (4.3) 6.6 (5.3) 0.52
missing [#] 36 21
Scene [mean(sd)] 25.2 (13.8) 19.5(10.9) <0.0001
missing [#] 53 52
Transport [mean(sd)] 13.5(11.9) 10.7 (8.5) <0.0001
missing [#] 72 73
Initial GCS [mean(sd)] 43(2.2) 5.4 (2.9) <0.0001
missing [#] 7 13
Initial SBP<90 [%] 28.9 17.4 <0.0001
missing [#] 183 124
Mortality [%] 57.3 336 <0.0001
missing [#] 0 0
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