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raumatic arrests have historically had poor survival rates. Identifying salvageable patients and ideal management is challenging.
We aimed to (1) describe the management and outcomes of prehospital traumatic arrests; (2) determine regional variation in sur-
vival; and (3) identify Advanced Life Support (ALS) procedures associated with survival.
METHODS: T
his was a secondary analysis of cases from the Resuscitation Outcomes Consortium Epistry-Trauma and Prospective Observa-
tional Prehospital and Hospital Registry for Trauma (PROPHET) registries. Patients were included if they had a blunt or penetrat-
ing injury and received cardiopulmonary resuscitation. Logistic regression analyses were used to determine the association
between ALS procedures and survival.
RESULTS: W
e included 2,300 patients who were predominately young (Epistry mean [SD], 39 [20]years; PROPHET mean [SD], 40[19]
years), males (79%), injured by blunt trauma (Epistry, 68%; PROPHET, 67%), and treated by ALS paramedics (Epistry, 93%;
PROPHET, 98%). A total of 145 patients (6.3%) survived to hospital discharge. More patients with blunt (Epistry, 8.3%;
PROPHET, 6.5%) vs. penetrating injuries (Epistry, 4.6%; PROPHET, 2.7%) survived. Most survivors (81%) had vitals on emer-
gency medical services arrival. Rates of survival varied significantly between the 12 study sites (p = 0.048) in the Epistry but
not PROPHET (p = 0.14) registries.Patients in the PROPHET registry who received a supraglottic airway insertion or intubation
experienced decreased odds of survival (adjusted OR, 0.27; 95% confidence interval, 0.08–0.93; and 0.37; 95% confidence inter-
val, 0.17–0.78, respectively) compared to those receiving bag-mask ventilation. No other procedureswere associatedwith survival.
CONCLUSIONS: S
urvival from traumatic arrest may be higher than expected, particularly in blunt trauma and patients with vitals on emergency
medical services arrival. Although limited by confounding and statistical power, no ALS procedures were associated with in-
creased odds of survival. (J Trauma Acute Care Surg. 2016;81: 285–293. Copyright © 2016Wolters Kluwer Health, Inc. All rights
reserved.)
LEVEL OF EVIDENCE: P
rognostic study, level IV.
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T raumatic cardiac arrest occurs when a severely injured pa-
tient ceases to produce spontaneous cardiac output. Survival

rates from traumatic arrest have been poor, with approximately
2% of patients surviving to hospital discharge.1 However, more
contemporary studies from diverse settings and locations including
military experience,2 Australia,3 England,4 the United States,5
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Spain,6 and a recent systematic review7 report survival rates
between 5% and 8%.

Although there has long been the recognition that certain
patients with traumatic arrest are “salvageable” if the cause for
their cardiac arrest is rapidly treated (such as those with airway
obstruction, tension pneumothorax, cardiac tamponade, or hy-
povolemia), it is also recognized that many prehospital trau-
matic arrest patients are transferred to hospitals under a “lights
and sirens” approach and undergo futile and costly resuscitation
efforts, including resuscitative thoracotomies.8,9 Guidelines
have been developed to identify patients from whom resuscita-
tion efforts should be withheld or terminated in the field1 and
emergency department settings.8–10 Concurrently, narrative re-
views proposing treatment algorithms for traumatic arrest pa-
tients have been published that emphasize the early treatment
of reversible causes of arrest11,12 and selective use of resuscita-
tive thoracotomy.8,9

The issue of identifying potentially salvageable traumatic
arrest patients in the prehospital setting is complicated by the
competing issues of regional variation in the prehospital manage-
ment and transport practices of these patients. Approximately
50% of traumatic arrests occur in the prehospital setting13,14 and
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the optimal treatment strategy for these patients is not clear. Re-
cent studies demonstrate wide regional variation in the use of
prehospital advanced airways,13,15 rates of transport following
traumatic arrest,13 and overall rates of survival following severe
injury.13 Although there is ongoing debate regarding the benefit
of prehospital advanced life support interventions in trauma, one
recent study did find that such interventions were associa-
ted with decreased mortality in patients with signs of life at the
scene of injury.16

Given the variation in both reported survival rates and
clinical management of traumatic arrest patients, we had three
objectives: first, to describe the contemporary management and
outcomes of prehospital traumatic arrest in a large North
American trauma patient arrest cohort; second, to determine
if there was regional variation in the rate of survival following
traumatic arrest; and third, to determine if any prehospital Ad-
vanced Life Support (ALS) procedure was associated with the
likelihood of survival to hospital discharge.
METHODS

Study Design
This study was a secondary analysis using data from

the Resuscitation Outcomes Consortium (ROC). Two different
databases were used to capture trauma patients, the ROC Epistry-
Trauma and the Prospective Observational Prehospital and Hos-
pital Registry for Trauma (PROPHET).

Study Setting
The ROC trauma registries have been described in detail

previously.15,17,18 These registries include severely injured pa-
tients cared for within nine emergency medical services (EMS)
regions in the United States (Alabama, Dallas-Ft. Worth, Iowa,
Memphis, Milwaukee, Pittsburgh, Portland, San Diego, and
Seattle-King County) and three in Canada (Ottawa, Toronto,
and British Columbia). Overall, the regions are highly variable
in location, size, geography, socioeconomic status, and EMS
system configuration.17,19 All patients with the inclusion criteria
described belowwere included in the registry. Each site obtained
REB/institutional review board approval for the ROC data regis-
tries and was granted a waiver of consent owing to minimal risk.

Selection of Participants
Subjects were selected from the ROC Epistry-Trauma

registry (December 1, 2005 to October 26, 2007) and the
PROPHET registry (January 1, 2010 to June 30, 2011). These
intervals reflect the start and finish dates for each registry. The
inclusion and exclusion criteria differed slightly between the
two registries. Both registries enrolled patients who had out-
of-hospital injury and were evaluated and treated by EMS per-
sonnel, in addition to meeting registry-specific criteria. For
Epistry-Trauma, patients had to meet one or more of the follow-
ing: systolic blood pressure, ≤90; respiratory rate, <10 or >29;
Glasgow Coma Scale (GCS)score, ≤12; intubated in the field;
or died in the field. For PROPHET, patients had to meet
one or more of the following: systolic blood pressure, ≤90 or
GCS score, ≤8 before sedation or placement of an advanced
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airway with RSI. Additionally, PROPHET patients had to be
transported to a Level I/II trauma center or die in the field or
en route with the intention of transporting to a Level I/II trauma
center. Lastly, patients were excluded from PROPHET if there
was declaration of nonsurvivability without treatment by EMS
personnel or if they were a case of hanging, drowning, primary
burn, or blunt/penetrating injury with burn injury >20% of total
body surface area.

There was no direct data capture of whether or not a pa-
tient had a traumatic arrest in either registry. Thus, we defined
traumatic arrest as having occurred if a patient was known to
have received prehospital cardiopulmonary resuscitation (CPR)
by EMS providers. This includes patients who died on the scene
and were not transported to the hospital. Patients were excluded
from the study if they had unknown survival to discharge status
or did not have a blunt or penetrating injury.

Variables
We noted basic demographic features, including age, sex,

injury type (blunt vs. penetrating), injurymechanism (fall, motor
vehicle collision, motorcycle collision, etc.), location of injury
(street/highway, public building, etc.), ROC registry (Epistry-
Trauma or PROPHET), and blinded study site.

The following prehospital interventions were considered
as predictive variables in the regression model: ALS-trained
paramedic crew first on scene (vs. BLS crew first on scene),
Supraglottic airway insertion, endotracheal intubation, needle
thoracostomy, intravenous fluid administration, intraosseous fluid
administration, and external hemorrhage control. These interven-
tions were all dichotomous or categorical variables.

Outcomes
The primary outcome was survival to hospital discharge.

The secondary outcome, neurologic status at discharge (mea-
sured within 72 hours of hospital discharge by Glasgow Out-
come Scale20 for patients with documented GCS score of <15
and assumed good for patients with GCS score of 15), was eval-
uated only in surviving patients from the PROPHET registry.
Neurologic status at discharge was not documented in Epistry-
Trauma. This outcome was determined by nonblinded data ab-
stractors based on review of clinical documentation.

Statistical Analysis
Data were collected from the prehospital and in-hospital

setting using dispatch, EMS, and hospital records based on
Utstein data definitions.21 Standardized data collection forms
were collated at each of the study sites, and de-identified infor-
mation was submitted via a secureWeb-based server to a central
coordinating center.17 Quality assurance mechanisms included
EMS provider training, data range and consistency checks,
site-specific mechanisms, and annual site visits.17

We used descriptive statistics (mean and standard devia-
tion [SD]) for continuous variables, frequencies, and percent-
ages for categorical variables) to assess the traumatic arrest
cohort in demographics, types and mechanisms of injury, loca-
tion of injury, prehospital interventions, and outcomes. The X2

and Fisher exact tests were used to assess for associations be-
tween categorical exposure variables and survival outcomes.
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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The primary outcome was described for the following:
(1) the entire cohort, (2) by type of injury, (3) by study site,
and (4) by prehospital procedures received. Results are pre-
sented stratified by registry because of the differing en-
rollment periods and inclusion criteria for the Epistry and
PROPHET registries.

We used multiple logistic regression to estimate the asso-
ciations (adjusted odds ratios with 95% confidence intervals
[CI]) between prehospital interventions and survival to hospital
discharge. The independent variables in this model were the
prehospital interventions, and the dependent variable was the
primary outcome (survival to hospital discharge). Covariates in-
cluded in the model were patients' age (as a continuous variable)
and other possible confounding variables.

We identified a priori that the presence of vitals on EMS
arrival, type of injury, and ROC study site could be confounding
variables. “Vitals on EMS arrival” was defined as the known
presence of any vital sign (heart rate, blood pressure, or respira-
tory rate) upon initial assessment by EMS providers. This was
based on the first set of vitals recorded by EMS regardless of
the time at which they were taken. Vital sign times were only
TABLE 1. Baseline Characteristics of Traumatic Arrest Cohort by Reg

Epistry

Survivors Nonsurvivors

(n = 92) (n = 1,200)

Sex: male 73 (80%) 939 (78%)

Age, years

<5 3 (3.4%) 30 (2.7%)

5–9 0 (0%) 12 (1.1%)

10–19 12 (13%) 109 (9.6%)

20–39 40 (45%) 469 (41%)

40–59 21 (24%) 322 (28%)

60–79 12 (13%) 143 (13%)

≥80 1 (1.1%) 46 (4.1%)

Mechanism of injury‡

Fall 21 (23%) 158 (13%)

MVC—occupant 30 (33%) 326 (27%)

MVC—motorcyclist 3 (3.3%) 62 (5.2%)

MVC—pedestrian 4 (4.3%) 138 (12%)

Gunshot wound 8 (8.7%) 303 (25%)

Stab 11 (12%) 82 (6.8%)

Other 14 (15%) 119 (9.9%)

Injury type: blunt 73 (79%) 802 (67%)

Location of injury

Street/highway 44 (48%) 670 (56%)

Public building 2 (2.2%) 33 (2.8%)

Place of recreation 1 (1.1%) 24 (2%)

Industrial place 1 (1.1%) 34 (2.8%)

Home residence 28 (30%) 289 (24%)

Other public 11 (12%) 130 (11%)

Other private 5 (5.4%) 20 (1.7%)

Vital signs present on EMS arrival 74 (80%) 245 (20%)

*Summaries are n (%), where percent is of nonmissing. Note that p values are presented for
†Abbreviations used: MVC, motor vehicle collision; and EMS, emergency medical service.
‡Patients may have more than one mechanism of injury.

© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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recorded in PROPHET and for those patients with available
times (57%), the time from arrival at patient side to taking the
first set of vital signs has a median of 2 minutes (25th and
75th percentiles: 0 and 7 minutes). Initial vital signs are impor-
tant predictors of survival following traumatic arrest and were
used as a surrogate marker of injury severity.1,5 Other markers
of injury severity such as presenting cardiac rhythm or signs of
life at the scene (such as reactive pupils) were not collected in ei-
ther data registry.

Type of injury was identified as a confounding variable
because it has previously been shown to be associated with out-
come from traumatic arrest,1,8,22 and we felt this could influence
whether EMS providers perform critical procedures or transport
patients to the hospital. Resuscitation Outcomes Consortium
ROC study site was adjusted as a way to control for unmeasured
confounders at the research site level.

While we fit separate models for each registry, the vari-
ables included in the models were the same between registries
with one exception. The prehospital intervention of needle thora-
costomywas only included in the PROPHETmodel, as these data
were not collected in Epistry.
istry*†

PROPHET

Survivors Nonsurvivors

p Value (n = 53) (n = 955) p Value

0.79 42 (79%) 755 (79%) 1

0.57 0.20

2 (3.8%) 21 (2.3%)

0 (0%) 5 (0.54%)

7 (13%) 72 (7.8%)

17 (33%) 388 (42%)

21 (40%) 276 (30%)

5 (9.6%) 123 (13%)

0 (0%) 37 (4%)

0.015 15 (28%) 134 (14%) 0.008

0.32 14 (26%) 226 (24%) 0.77

0.62 2 (3.8%) 59 (6.2%) 0.77

0.052 2 (3.8%) 118 (12%) 0.097

0.001 4 (7.5%) 259 (27%) 0.003

0.11 5 (9.4%) 64 (6.7%) 0.402

0.15 11 (21%) 126 (13%) 0.175

0.018 44 (83%) 628 (66%) 0.014

0.17 0.021

28 (53%) 537 (56%)

1 (1.9%) 12 (1.3%)

3 (5.7%) 15 (1.6%)

0 (0%) 23 (2.4%)

10 (19%) 269 (28%)

8 (15%) 85 (8.9%)

3 (5.7%) 14 (1.5%)

<0.001 43 (81%) 348 (36%) <0.001

descriptive purposes only and no correction for multiple testing has been made.
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Figure 1. Study population.
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Notably, all of the variables in our model were specified a
priori to examining the data. However, we did originally consider
the same model but with an interaction term between type of in-
jury and each prehospital intervention to assess for differing as-
sociations between interventions and survival for those with
penetrating versus blunt injuries. Here, we present the model
without these interactions included. The variables included in
the model, as well as the rates of missing data for each variable,
are summarized in Appendix 1 (see Appendix, Supplemental
Digital Content 1, http://links.lww.com/TA/A757).

To retain power and reduce bias, we usedmultiple imputa-
tion23 to handle the missing data. Twenty multiply imputed data
sets were generated and analyzed separately using standard lo-
gistic regression. Then results from each of these models were
combined using the results of Rubin (1987)23 to properly ac-
count for the uncertainty inherent in imputing the missing data.
All baseline variables (i.e., those listed in Table 1), variables
included in the logistic regression model (i.e., those listed in
Appendix 1, http://links.lww.com/TA/A757), an indicator of
whether the patient was an adult and the outcome of survival
were used in the imputation procedure to predict missing covar-
iate values. We assessed model fit using the Hosmer-Lemeshow
goodness-of-fit test. Likelihood ratio tests were performed for
each of the prehospital interventions to test the hypothesis that
the odds of survival differed between those receiving and not re-
ceiving the intervention.24

Additionally, a likelihood ratio test was used to test the
hypothesis that the odds of survival following traumatic arrest
vary with ROC study site. We compared the primary model to
the reduced model that does not include adjustment for ROC
site. An alpha level of 5% was used to determine statistical sig-
nificance. All analyses were conducted using R version 3.0.2
and the R package mice.25

RESULTS

There were 13,291 patients enrolled in Epistry-Trauma
and 6,258 patients enrolled in PROPHET during the study pe-
riod. Of these patients, 1,412 (10%) and 1,012 (16%) patients,
respectively, received prehospital CPR. Of the patients receiving
CPR, 85 patients (6.0%) in Epistry-Trauma did not have a blunt
or penetrating injury and were excluded. Of the remaining pa-
tients who had a blunt or penetrating trauma and received CPR,
35 from Epistry-Trauma and four from PROPHET were ex-
cluded because their discharge status was unknown (Fig. 1).

Baseline characteristics of the traumatic arrest cohort,
stratified by registry and survival status, are presented in Table 1.
The study population included 2,300 traumatic arrest patients
who were predominately young (Epistry: mean [SD], 39 [20]
years; PROPHET: mean [SD], 40 [19]years), male (79%),
and injured by blunt trauma (Epistry, 68%; PROPHET, 67%).
The three most common injury mechanisms were motor vehi-
cle collisions (Epistry, 28%; PROPHET, 24%), gunshot wounds
(Epistry, 24%; PROPHET, 26%), and falls (Epistry, 14%;
PROPHET, 15%). Most traumatic arrests occurred on streets
and highways (Epistry, 55%; PROPHET, 56%), followed by
the patient's home (Epistry, 25%; PROPHET, 28%), and
other public property (store, bar, restaurant, etc.) (Epistry, 11%;
PROPHET, 9%).
288
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Outcomes following traumatic arrest are summarized in
Tables 1 and 2.

Overall, 145 patients (6.3%) survived to hospital dis-
charge following traumatic arrest. Survival rates were simi-
lar between Epistry and PROPHET patients (7.1% vs. 5.3%;
p = 0.082). More patients (39%) in PROPHET than Epistry
(25%) had vital signs initially present on EMS arrival (p < 0.001).
Eighty-one percent of the surviving patients had vital signs on
EMS arrival. Approximately 70% of patients were transported
and admitted to an emergency department (ED) with a minority
of patients having a pulse present at ED admission. Among pa-
tients with a pulse present at ED admission, rates of survival
were 26% (Epistry) and 22% (PROPHET). In comparison, only
7.0% (Epistry) and 1.7% (PROPHET) who were receiving CPR
at ED admission survived to hospital discharge.

When stratified by the presence or absence of vital signs
upon EMS arrival, rates of survival were 23% (95% CI, 19–28%)
and 1.8% (95% CI: 1.1–3.0%), respectively, in Epistry and 11%
(95% CI, 8.2–15%) and 1.6% (95% CI, 0.83–3.1%), respec-
tively, in PROPHET. Traumatic arrest patients who had a fall
were the most likely to survive to discharge (11%), whereas
those with one or more gunshot wounds were the least likely
(2.1%) (Table 1). Overall, patients with blunt traumatic arrest
had higher rates of survival (Epistry, 8.3%; PROPHET, 6.5%)
than those with traumatic arrest from penetrating mechanisms
(Epistry, 4.6%; PROPHET, 2.7%). Although the absolute num-
ber of survivors with a documented neurologic outcome within
72 hours of hospital discharge was small, there were survivors
in both the blunt and penetrating traumatic arrest cohorts who
made a good neurologic recovery (41% for blunt and 89% for
penetrating; Table 2).
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Outcomes in Traumatic Arrest Patients by Injury Type and Registry*

Epistry PROPHET

Blunt Penetrating Blunt Penetrating

(n = 875) (n = 417) p Value (n = 672) (n = 336) p Value

Prehospital status 0.20 <0.001

Prehospital declaration of death without ED admission 237 (27%) 128 (31%) 232 (35%) 79 (24%)

Transported and admitted to ED 638 (73%) 289 (69%) 440 (65%) 257 (76%)

Patient status at ED arrival of those admitted 0.054 <0.001

Pulse present† 81 (21%) 25 (14%) 147 (34%) 52 (21%)

Ongoing resuscitation† 313 (79%) 160 (86%) 285 (66%) 198 (79%)

Unknown‡ 20 (3.1%) 12 (4.2%) 8 (1.8%) 7 (2.7%)

Not collected‡ 224 (35%) 92 (32%) 0 (0%) 0 (0%)

Survival to hospital discharge 73 (8.3%) 19 (4.6%) 0.018 44 (6.5%) 9 (2.7%) 0.014

Neurologic status of survivors§ 0.11

Vegetative state 3 (7.7%) 0 (0%)

Severely disabled 14 (36%) 1 (11%)

Moderately disabled 6 (15%) 0 (0%)

Good recovery 16 (41%) 8 (89%)

* Note that p values are presented for descriptive purposes only and no correction for multiple testing has been made.
†Summaries are n (%), where percent is of those admitted to the ED with known status of pulse present or ongoing resuscitation.
‡Summaries are n (%), where percent is of those admitted to the ED. Not collected refers to the period at the beginning of Epistry during which this information was not collected.
§Summaries are n (%), where percent is of survivors with nonmissing status. This was only measured in PROPHET. Of the 53 PROPHET patients who survived, 5 (8%) blunt injury patients

were missing this outcome.

J Trauma Acute Care Surg
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Across ROC sites, overall survival following traumatic
arrest ranged from 2.9% (95% CI, 0.95–7.8%) to 14% (95%
CI, 8.2–24%) (Fig. 2). A likelihood ratio test provided evidence
that the odds of survival following traumatic arrest differed
among ROC study sites in the Epistry (p = 0.048) but not in
the PROPHET registry (p = 0.14).

The prevalence of prehospital procedures and their associ-
ation with survival following traumatic arrest is presented in
Tables 3 and 4. Overall, 93% of patients in Epistry and 98% of
patients in PROPHETwere treated by ALS-trained paramedics.
The ALS-trained crews were first on scene in 43% of Epistry
cases and 53% of PROPHET cases. The median scene time
was 17 minutes in both registries (Epistry 25th and 75th per-
centiles, 12 and 24; PROPHET 25th and 75th percentiles, 11
and 24 minutes). The median transport time was 8 minutes
for Epistry (25th and 75th percentiles, 5 and 13 minutes) and
Figure 2. The percentage (with 95% CIs) of cardiac arrest patients su
numbers for Epistry-Trauma (top number) and PROPHET (bottom nu

© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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10 minutes for PROPHET (25th and 75th percentiles, 6 and
15 minutes). Most traumatic arrests received either endotracheal
intubation (Epistry, 61%; PROPHET, 51%) or bag-mask ventila-
tion (Epistry, 32%; PROPHET, 31%), as well as intravenous
fluid resuscitation (Epistry, 57%; PROPHET, 48%). The re-
mainder of the procedures was performed infrequently. The
PROPHET patients who received a supraglottic airway inser-
tion or intubation experienced decreased odds of survival (ad-
justed ORs, 0.27; 95% CI, 0.08–0.93; and 0.37; 95% CI,
0.17–0.78, respectively) compared to those receiving bag-mask
ventilation. No other procedures were associated with either
increased or decreased odds of survival following traumatic ar-
rest in either registry (Table 4).

There was a lack of fit identified in the Epistry model
(p = 0.03) but not the PROPHET model (p = 0.10). As a sensi-
tivity analysis, both models were refit with age modeled as a
rviving to hospital discharge by site and data registry. Enrollment
mber) are given for each site.
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TABLE 3. Prehospital Procedures and Outcomes in Traumatic Arrest Patients by Registry*

Epistry PROPHET

Patients Receiving Survival to Hospital Discharge Patients Receiving Survival to Hospital Discharge

Intervention n (%)† n (%) p Value n (%)† n (%) p Value

EMS training of first rig: ALS 0.085 0.95

Yes 546 (43%) 45 (8.2%) 526 (53%) 27 (5.1%)

No 712 (57%) 40 (5.6%) 461 (47%) 25 (5.4%)

Airway intervention 0.32 0.071

Bag-mask ventilation only 401 (32%) 24 (6%) 314 (31%) 22 (7%)

Supraglottic airway‡ 92 (7.3%) 2 (2.2%) 181 (18%) 4 (2.2%)

Endotracheal intubation 769 (61%) 46 (6%) 513 (51%) 27 (5.3%)

Needle thoracostomy§ 0.76

Yes 138 (14%) 6 (4.3%)

No 870 (86%) 47 (5.4%)

Hemorrhage control 0.62 0.46

Yes 173 (15%) 12 (6.9%) 163 (16%) 11 (6.7%)

No 994 (85%) 56 (5.6%) 845 (84%) 42 (5%)

Intravenous fluid administration 0.004 0.033

Yes 735 (57%) 66 (9%) 471 (48%) 32 (6.8%)

No 557 (43%) 26 (4.7%) 504 (52%) 18 (3.6%)

Intraosseous fluid administration 0.19 0.23

Yes 75 (5.8%) 2 (2.7%) 138 (14%) 4 (2.9%)

No 1217 (94%) 90 (7.4%) 847 (86%) 49 (5.8%)

*Note that p values are presented for descriptive purposes only and no correction for multiple testing has been made.
†Percent is of nonmissing.
‡With no endotracheal intubation.
§This was only collected for PROPHET patients.

Evans et al.
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linear spline with a knot at 45 years (compared to linearly as in
the original model). The adjusted odds ratios and CIs from these
models were very similar to those shown in Table 4.
DISCUSSION

In this large, multicenter, prospective study involving two
large trauma registries, we found a contemporary rate of survi-
val from traumatic arrest of approximately 6% (Epistry, 7.1%;
TABLE 4. Multivariable Logistic Regression Models of Survival to Hos

Intervention

Epistry

Adjusted OR (95% CI)†

EMS training of first rig: ALS 1.09 (0.54–2.22)

Airway intervention

Bag-mask ventilation only Reference

Supraglottic airway‡ 0.35 (0.08–1.55)

Endotracheal intubation 0.70 (0.38–1.31)

Needle thoracostomy§

Hemorrhage control 0.76 (0.37–1.59)

Intravenous fluid administration 1.40 (0.78–2.49)

Intraosseous fluid administration 0.32 (0.07–1.52)

*Abbreviations used: OR, odds ratio (OR).
†Adjustment includes listed interventions as well as ROC study site, age, presence of any vit
‡With no endotracheal intubation.
§This was only collected for PROPHET patients.
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PROPHET, 5.3%). This is very similar to the 7.2% rate of sur-
vival reported in a recent systematic review that included
more than 5,000 children and adults with traumatic arrest,7

and higher than the 2% rate of survival reported in a recent po-
sition statement on withholding and terminating resuscitation
for prehospital traumatic arrest.1

There are several explanations for the higher-than-expected
rate of survival in the traumatic arrests in our study. The first
relates to our definition of cardiac arrest being based on the
pital Discharge*

PROPHET

p Value Adjusted OR (95% CI)† p Value

0.81 0.99 (0.44–2.21) 0.98

0.25 0.015

Reference

0.27 (0.08– 0.93)

0.37 (0.17– 0.78)

0.68 (0.26–1.79) 0.42

0.47 1.10 (0.50–2.44) 0.82

0.25 1.41 (0.66–3.01) 0.37

0.11 0.44 (0.14–1.37) 0.13

al signs at EMS arrival, and type of injury. Details are provided in Appendix 1.
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performance of prehospital CPR by EMS providers. Patients
who were pulseless on EMS arrival or who lost a pulse in the
presence of EMSwould have received CPR and a tentative diag-
nosis of cardiac arrest. As noted previously, we acknowledge
that that some of these patients could have simply been pro-
foundly hypotensive owing to very low cardiac output state but
not truly arrested.26 Although our definition of traumatic arrest
is consistent with other studies on the topic,27–29 we acknowl-
edge that using more specific criteria (such as absence of
all signs of life,29,30 or specific cardiac arrest rhythm), had
they been available, may have led us to observe a slightly lower
survival rate. However, our data are consistent with recent data
from the American College of Surgeons Trauma Quality Im-
provement Program (ACS TQIP), indicating a 10% rate of sur-
vival for patients with a prehospital traumatic arrest, when
defined as “prehospital cardiac arrest with resuscitative effort
by healthcare provider”.29

Most (Epistry, 80%; PROPHET, 81%) of surviving trau-
matic arrest patients had their arrest witnessed by paramedics
as indicated by at least one vital sign (heart rate, blood pressure,
or respiratory rate) being present on EMS arrival. The EMS-
witnessed loss of vital signs is a well-established indicator of
prognosis following the onset of traumatic arrest.1,5 The ROC
trauma registries did not include data on when exactly patients
lost vital signs or when CPR was initiated in the prehospital set-
ting, so the proximity to the hospital when patients lost their vital
signs remains unknown. The higher-than-expected rate of sur-
vival could then be partially explained by a greater proportion
of EMS-witnessed traumatic arrests.

All of the patients in this study were cared for in well-
developed regional trauma systems that included advanced
prehospital care practices as well as established hospital-based
trauma centers. Ninety-five percent of traumatic arrest patients
were treated by ALS-trained paramedics, with approximately
half of the patients receiving intubation and fluid resuscitation
before hospital arrival. Although we did not find that any ALS
interventions were associated with increased odds of a traumatic
arrest patient surviving to hospital discharge, the higher survival
rates than previously reported may have been associated with
unmeasured aspects of ALS care, such as decision making
around when to attempt procedures versus rapid transfer to a
trauma-specific hospital.

An unexpected finding, consistent between registries,
was the more favorable survival rate from blunt compared to
penetrating traumatic arrest. This contradicts a recent systematic
review that reported lower rates of survival following blunt
trauma (3.3%).7 Another case series of 909 trauma patients re-
quiring prehospital CPR found a 7.9% and 3.3% survival rate
for penetrating and blunt trauma, respectively.4 In that same re-
port, some patients were also classified as having had traumatic
arrest from asphyxiation (conflagration, drowning, hanging,
etc.) or a “medical” event plus trauma and had survival rates of
30% and 11%, respectively.4 In our study, we excluded patients
with cardiac arrest following hanging, drowning, or signifi-
cant burns, so we believe our patient population is quite compa-
rable to blunt and penetrating trauma populations reported in
previous reviews.

In the present study, the performance of either supraglottic
airway insertion or endotracheal intubation was significantly
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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associated with decreased odds of surviving to hospital dis-
charge in PROPHET. The negative association between receiv-
ing an advanced airway and survival could be explained by
“confounding by indication”.32,33 Specifically, patients who
are selected to receive bag-mask ventilation rather than either
endotracheal intubation or a supraglottic airway may have a
more favorable prognosis than those who receive advanced air-
ways in the field. In this potential scenario, the relationship be-
tween the treatment being studied (advanced airway) and the
outcome (survival) is biased by the uncontrolled confounding
effect of injury severity.

A recent meta-analysis of advanced airway management
for out-of-hospital cardiac arrest patients (mostly medical ar-
rests) found a similar association between advanced airway
placement and survival but similarly cautioned the interpretation
in light of the potential for confounding by indication.33 Previ-
ous studies of advanced airway management for the resuscita-
tion of traumatic arrest victims have been small retrospective
studies and similarly found no evidence of benefit.34,35 Only
one randomized controlled trial has examined the benefit of
prehospital intubation for trauma patients.36 That study focused
on rapid sequence intubation of brain injured patients rather than
arrested trauma patients and found improved functional out-
comes at 6 months in the intubation group.36

This study suggests that outcomes following severe trauma
vary regionally, at least among ROC sites participating in the
Epistry registry.13,37–39 Previous work involving ROC study
sites has identified regional variation in withholding and/or ter-
minating prehospital resuscitation efforts for traumatic arrest pa-
tients,13 and this could contribute to some of the variation in
survival rates. Additionally, there is also considerable variation
in the use of ALS procedures such as intubation between
sites,15 which could further contribute to the differences ob-
served. Finally, although we were not able to explore the spe-
cific factors in the current study, there are likely hospital-
specific resuscitation practices that contribute to the variation
in survival following traumatic arrest.

This study has a few limitations that warrant discussion.
First, patients were not randomized to receive prehospital inter-
ventions. Paramedics selected which patients to provide inter-
ventions to based on clinical judgment and existing protocols.
As discussed previously, selection bias, in the form of confound-
ing by indication, is a recognized limitation of this study design.
The lack of randomization in this study also means there is pos-
sibly an imbalance in confounding variables between patient
groups either receiving or not receiving an intervention. Al-
though we did attempt to adjust for known confounders using
multiple logistic regression, we were not able to include all var-
iables that affect the prognosis after traumatic arrest or that
might influence paramedics' decision making around procedure
use in this setting. Residual confounding, especially regarding
injury severity, is thus possible.

External generalizability is another limitation of our study.
Patients were predominately cared for by ALS paramedics in
large, well-developed EMS systems. Although these EMS sys-
tems include a population of almost 24 million people (nearly
10% of the North American population)40 and span diverse
geographic and socioeconomic spectrums, rates of survival
or associations between procedures and outcomes may not
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be applicable to EMS systems with different structures or capa-
bilities (physician-led services,11,12 for instance).

Finally, despite our large sample size from these two reg-
istries, the precision of our effect estimates for many procedures
was lowowing to the poor overall rate of survival from traumatic
arrest. For some procedures (like hemorrhage control, or intrave-
nous and intraosseous fluid administration), it is probable that
we did not have sufficient power to demonstrate a statistically
significant association.

These limitations are balanced by strengths of the study
that include the largest population of pediatric and adult trau-
matic arrest patients in the literature, prospective data collection,
a range of large, diverse EMS systems, high rates of data com-
pleteness, and the reporting of neurologic outcomes for many
survivors of traumatic arrest.

In conclusion, we have found that contemporary rates of
survival from traumatic arrest may be more favorable than his-
torically reported, especially in the blunt trauma population. Pa-
tients with witnessed traumatic arrests, regardless of type of
injury, deserve aggressive resuscitation efforts. Our findings that
no prehospital procedure is associated with increased odds of
surviving traumatic arrest are limited by the potential for con-
founding by indication and lack of statistical power for some
procedures. Future studies on traumatic arrest patients should in-
clude detailed baseline prognostic information on patients to
minimize confounding, focus on the indications for and out-
comes associated with procedures targeting reversible causes
of traumatic arrest (e.g., fluid resuscitation and needle decom-
pression), and characterize within-hospital resuscitative care
practices associated with survival.

AUTHORSHIP

C.C.E. and A.P. conceived of and designed the study. A.P. performed
database management alone and statistical analyses with assistance from
E.M. All authors helped refine the study plan, interpret preliminary results,
and refine the analysis. C.C.E. drafted the article, and all authors partici-
pated substantially in revisions of the manuscript. C.C.E. takes responsibil-
ity for the paper as a whole.

ACKNOWLEDGMENT

The ROC is supported by a series of cooperative agreements to nine
regional clinical centers and one data coordinating center (5U01 HL077863—
University of Washington Data Coordinating Center, HL077866-Medical
College of Wisconsin; HL077867—University of Washington; HL077871—
University of Pittsburgh; HL077872—St. Michael's Hospital; HL077873—
Oregon Health and Science University; HL077881—University of Alabama
at Birmingham; HL077885—Ottawa Hospital Research Institute; HL077887—
University of Texas SWMedical Center/Dallas; HL077908—University of Cali-
fornia San Diego) from the National Heart, Lung and Blood Institute in
partnership with the US Army Medical Research & Material Command,
The Canadian Institutes of Health Research (CIHR) —Institute of Circula-
tory and Respiratory Health, Defence Research and Development
Canada, the Heart, Stroke Foundation of Canada, and the American Heart
Association. The content is solely the responsibility of the authors and does
not necessarily represent the official views of the National Heart, Lung and
Blood Institute or the National Institutes of Health.

DISCLOSURE

The authors declare no conflicts of interest.

REFERENCES
1. Millin MG, Galvagno SM, Khandker SR, Malki A, Bulger EM; Standards

and Clinical Practice Committee of the National Association of EMS
292

Copyright © 2016 Wolters Kluwer H
Physicians (NAEMSP); Subcommittee on Emergency Services—Prehospital
of the American College of Surgeons' Committee on Trauma (ACSCOT).
Withholding and termination of resuscitation of adult cardiopulmonary
arrest secondary to trauma: resource document to the joint NAEMSP-
ACSCOT position statements. J Trauma Acute Care Surg. 2013;75(3):
459–467.

2. Tarmey N, Park C, Bartels O, Konig T, Mahoney P, Mellor A. Outcomes
following military traumatic cardiorespiratory arrest: a prospective obser-
vational study. Resuscitation. 2011;82(9):1194–1197.

3. Willis CD, Cameron PA, Bernard SA, Fitzgerald M. Cardiopulmonary
resuscitation after traumatic cardiac arrest is not always futile. Injury. 2006;
37(5):448–454.

4. Lockey D, Crewdson K, Davies G. Traumatic cardiac arrest: who are the
survivors? Ann Emerg Med. 2006;48(3):240–244.

5. Pickens JJ, Copass MK, Bulger EM. Trauma patients receiving CPR:
predictors of survival. J Trauma. 2005;58(5):951–958.

6. Leis CC, Hernandez CC, Blanco MJ, Paterna PC, Hernandez Rde E, Torres
EC. Traumatic cardiac arrest: should advanced life support be initiated? J
Trauma Acute Care Surg. 2013;74(2):634–638.

7. Zwingmann J, Mehlhorn AT, Hammer T, Bayer J, Sudkamp NP, Strohm PC.
Survival and neurologic outcome after traumatic out-of-hospital cardiopul-
monary arrest in a pediatric and adult population: a systematic review. Crit
Care. 2012;16(4):R117.

8. Burlew CC, Moore EE, Moore FA, Coimbra R, McIntyre RC Jr, Davis JW,
Sperry J, Biffl WL. Western Trauma Association critical decisions in trauma:
resuscitative thoracotomy. J Trauma Acute Care Surg. 2012;73(6):1359–1363.

9. Seamon MJ, Haut ER, Van Arendonk K, Barbosa RR, Chiu WC, Dente CJ,
Fox N, Jawa RS, Khwaja K, Lee JK, et al. An evidence-based approach
to patient selection for emergency department thoracotomy: a practice
management guideline from the Eastern Association for the Surgery of
Trauma. J Trauma Acute Care Surg. 2015;79(1):159–173.

10. Moore EE, Knudson MM, Burlew CC, Inaba K, Dicker RA, Biffl WL,
Malhotra AK, Schreiber MA, Browder TD, Coimbra R, et al. Defining the
limits of resuscitative emergency department thoracotomy: a contemporary
Western Trauma Association perspective. J Trauma. 2011;70(2):334–339.

11. Lockey DJ, Lyon RM, Davies GE. Development of a simple algorithm to
guide the effective management of traumatic cardiac arrest. Resuscitation.
2013;84(6):738–742.

12. Sherren PB, Reid C, Habig K, Burns BJ. Algorithm for the resuscitation
of traumatic cardiac arrest patients in a physician-staffed helicopter emer-
gency medical service. Crit Care. 2013;17(2):308.

13. Minei JP, Schmicker RH, Kerby JD, Stiell IG, Schreiber MA, Bulger E,
Tisherman S, Hoyt DB, Nichol G; Resuscitation Outcome Consortium
Investigators. Severe traumatic injury: regional variation in incidence and
outcome. Ann Surg. 2010;252(1):149–157.

14. Evans JA, van Wessem KJ, McDougall D, Lee KA, Lyons T, Balogh ZJ.
Epidemiology of traumatic deaths: comprehensive population-based assess-
ment. World J Surg. 2010;34(1):158–163.

15. Newgard CD, Koprowicz K, Wang H, Monnig A, Kerby JD, Sears GK,
Davis DP, Bulger E, Stephens SW, Daya MR, et al. Variation in the type,
rate, and selection of patients for out-of-hospital airway procedures among
injured children and adults. Acad Emerg Med. 2009;16(12):1269–1276.

16. Meizoso JP, Valle EJ, Allen CJ, Ray JJ, Jouria JM, Teisch LF, Shatz DV,
Namias N, Schulman CI, Proctor KG. Decreased mortality after prehospital
interventions in severely injured trauma patients. J Trauma Acute Care Surg.
2015;79(2):227–231.

17. Newgard CD, Sears GK, Rea TD, Davis DP, Pirrallo RG, Callaway CW,
Atkins DL, Stiell IG, Christenson J, Minei JP, et al. The Resuscitation
Outcomes Consortium Epistry-Trauma: design, development, and implem-
entation of a North American epidemiologic prehospital trauma registry.
Resuscitation. 2008;78(2):170–178.

18. Newgard CD,Meier EN, McKnight B, Drennan IR, Richardson D, Brasel K,
Schreiber M, Kerby JD, Kannas D, Austin M, et al. Understanding traumatic
shock: out-of-hospital hypotension with and without other physiologic
compromise. J Trauma Acute Care Surg. 2015;78(2):342–351.

19. Davis DP, Garberson LA, Andrusiek DL, Hostler D, Daya M, Pirrallo R,
Craig A, Stephens S, Larsen J, Drum AF, et al. A descriptive analysis
of Emergency Medical Service Systems participating in the Resuscitation
Outcomes Consortium (ROC) network. Prehosp Emerg Care. 2007;11(4):
369–382.
© 2016 Wolters Kluwer Health, Inc. All rights reserved.

ealth, Inc. All rights reserved.



J Trauma Acute Care Surg
Volume 81, Number 2 Evans et al.
20. Jennett B, Bond M. Assessment of outcome after severe brain damage.
Lancet. 1975;1(7905):480–484.

21. Jacobs I, Nadkarni V, Bahr J, Berg RA, Billi JE, Bossaert L, Cassan P,
Coovadia A, D'Este K, Finn J, et al. Cardiac arrest and cardiopulmonary
resuscitation outcome reports: update and simplification of the Utstein
templates for resuscitation registries. A statement for healthcare professionals
from a task force of the international liaison committee on resuscitation
(American Heart Association, European Resuscitation Council, Australian
Resuscitation Council, New Zealand Resuscitation Council, Heart and
Stroke Foundation of Canada, InterAmerican Heart Foundation, Resuscitation
Council of Southern Africa). Resuscitation. 2004;63(3):233–249.

22. Seamon MJ, Chovanes J, Fox N, Green R, Manis G, Tsiotsias G, Warta M,
Ross SE. The use of emergency department thoracotomy for traumatic
cardiopulmonary arrest. Injury. 2012;43(9):1355–1361.

23. RubinDB.Multiple Imputation for Nonresponse in Surveys. NewYork: John
Wiley and Sons; 1987.

24. Meng X, Rubin DB. Performing likelihood ratio tests with multiple-imputed
data sets. Biometrika. 1992;79:103–111.

25. van Buuren S, Groothuis-Oudshoorn K. MICE: Multivariate Imputation by
Chained Equations in R. Journal of Statistical Software. 2011;45(3):1–67.

26. Smith JE, Rickard A, Wise D. Traumatic cardiac arrest. J R Soc Med. 2015;
108(1):11–16.

27. Perron AD, Sing RF, Branas CC, Huynh T. Predicting survival in pediatric
trauma patients receiving cardiopulmonary resuscitation in the prehospital
setting. Prehosp Emerg Care. 2001;5(1):6–9.

28. De Maio VJ, Osmond MH, Stiell IG, Nadkarni V, Berg R, Cabanas JG,
CanAm Pediatric Study Group. Epidemiology of out-of hospital pediatric
cardiac arrest due to trauma. Prehosp Emerg Care. 2012;16(2):230–236.

29. Byrne JP, Xiong W, Gomez D, Mason S, Karanicolas P, Rizoli S, Tien H,
Nathens AB. Redefining "dead on arrival": identifying the unsalvageable
patient for the purpose of performance improvement. J Trauma Acute Care
Surg. 2015;79(5):850–857.

30. Mistry N, Bleetman A, Roberts KJ. Chest decompression during the
resuscitation of patients in prehospital traumatic cardiac arrest. Emerg Med
J. 2009;26(10):738–740.
© 2016 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2016 Wolters Kluwer H
31. Brindis SL, Gausche-Hill M, Young KD, Putnam B. Universally poor
outcomes of pediatric traumatic arrest: a prospective case series and review
of the literature. Pediatr Emerg Care. 2011;27(7):616–621.

32. Psaty BM, Koepsell TD, Lin D, Weiss NS, Siscovick DS, Rosendaal FR,
Pahor M, Furberg CD. Assessment and control for confounding by
indication in observational studies. J Am Geriatr Soc. 1999;47:749–754.

33. Fouche PF, Simpson PM, Bendall J, Thomas RE, Cone DC, Doi SA.
Airways in out-of-hospital cardiac arrest: systematic review and meta-
analysis. Prehosp Emerg Care. 2014;18(2):244–256.

34. Cera SM, Mostafa G, Sing RF, Sarafin JL, Matthews BD, Heniford BT.
Physiologic predictors of survival in post-traumatic arrest. Am Surg. 2003;
69(2):140–144.

35. Seamon MJ, Fisher CA, Gaughan J, Lloyd M, Bradley KM, Santora TA,
Pathak AS, Goldberg AJ. Prehospital procedures before emergency
department thoracotomy: "scoop and run" saves lives. J Trauma. 2007;63
(1):113–120.

36. Bernard SA, Nguyen V, Cameron P, Masci K, Fitzgerald M, Cooper DJ,
Walker T, Std BP, Myles P, Murray L, et al. Prehospital rapid sequence
intubation improves functional outcome for patients with severe traumatic
brain injury: a randomized controlled trial. Ann Surg. 2010;252(6):959–965.

37. Nathens AB, Xiong W, Shafi S. Ranking of trauma center performance: the
bare essentials. J Trauma. 2008;65(3):628–635.

38. Shafi S, Nathens AB, Parks J, Cryer HM, Fildes JJ, Gentilello LM. Trauma
quality improvement using risk-adjusted outcomes. J Trauma. 2008;64(3):
599–604; discussion −6.

39. Shafi S, Stewart RM, Nathens AB, Friese RS, Frankel H, Gentilello LM.
Significant variations in mortality occur at similarly designated trauma
centers. Arch Surg. 2009;144(1):64–68.

40. Atkins DL, Everson-Stewart S, Sears GK, Daya M, Osmond MH,
Warden CR, Berg RA, Resuscitation Outcomes Consortium Investigators.
Epidemiology and outcomes from out-of-hospital cardiac arrest in
children: the Resuscitation Outcomes Consortium Epistry-Cardiac Arrest.
Circulation. 2009;119(11):1484–1491.
293

ealth, Inc. All rights reserved.


