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Abstract

Study Objective—We evaluated shock and traumatic brain injury (TBI) patients previously 

enrolled in an out-of-hospital clinical trial to test the association between out-of-hospital time and 

outcome.

Methods—This was a secondary analysis of shock and TBI patients ≥ 15 years enrolled in a 

Resuscitation Outcomes Consortium out-of-hospital clinical trial by 81 EMS agencies transporting 

to 46 Level I and II trauma centers in 11 sites (May 2006 through May 2009). Inclusion criteria 

were: SBP ≤ 70 mmHg or SBP 71 - 90 mmHg with heart rate ≥ 108 beats per minute (shock 
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cohort) and Glasgow Coma Scale score ≤ 8 (TBI cohort); patients meeting both criteria were 

placed in the shock cohort. Primary outcomes were 28-day mortality (shock cohort) and 6-month 

Glasgow Outcome Scale - Extended (GOSE) ≤ 4 (TBI cohort).

Results—There were 778 patients in the shock cohort (26% 28-day mortality) and 1,239 patients 

in the TBI cohort (53% 6-month GOSE ≤ 4). Out-of-hospital time > 60 minutes was not associated 

with worse outcomes after accounting for important confounders in the shock cohort (adjusted 

odds ratio [aOR] 1.42, 95% CI 0.77-2.62) or TBI cohort (aOR 0.80, 95% CI 0.52-1.21). However, 

shock patients requiring early critical hospital resources and arriving > 60 minutes had higher 28-

day mortality (aOR 2.37, 95% CI 1.05-5.37); this finding was not observed among a similar TBI 

subgroup.

Conclusions—Among out-of-hospital trauma patients meeting physiologic criteria for shock 

and TBI, there was no association between time and outcome. However, the subgroup of shock 

patients requiring early critical resources arriving after 60 minutes had higher mortality.

INTRODUCTION

Background

The concept that the first 60 minutes following traumatic injury is a critical period for 

getting patients to a trauma center (the “golden hour”) has been deeply ingrained in trauma 

systems, national field triage guidelines, emergency medical services (EMS) and clinical 

care.1,2 While clinical experience suggests that time is critically important in certain trauma 

patients, there is little empiric evidence to directly support the relationship between time and 

outcome following injury.3 To date, identifying the subgroup of trauma patients for whom 

shorter time results in better outcomes has remained elusive.

Importance

There have been numerous studies exploring the relationship between out-of-hospital time 

and outcome following injury.4-14 While a small number of studies suggest that shorter out-

of-hospital time and possibly shorter scene time are associated with improved survival,4-6 

the majority of studies have failed to substantiate such a relationship.7-14 There have been 

many challenges and limitations in testing the time-outcome association, including: bias 

(e.g., longer time accrual in less seriously injured patients results in the appearance that 

increased time is associated with better outcomes10); unmeasured confounding; in-hospital 

outcomes; small or highly selected samples; retrospective study designs; and limited analytic 

methods. Assuming that time is an important determinant of outcome in certain trauma 

patients, characterizing such patients may allow EMS and trauma systems to run more 

efficiently, improve outcomes for certain patients, better guide out-of-hospital decision-

making and minimize unnecessary risk among EMS personnel and patients.15-17

Goals of This Investigation

In this study, we analyzed two groups of patients (shock and traumatic brain injury [TBI]) 

previously enrolled in an out-of-hospital clinical trial18,19 to evaluate the association 

between total out-of-hospital time and outcome (28-day mortality in shock, 6-month 

neurologic function in TBI). This study was designed to address several limitations of a 
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previous study evaluating the role of time in trauma14 by including more homogenous 

trauma patients, detailed in-hospital data, subgroups of patients requiring time-dependent 

hospital interventions and longer-term outcomes.

METHODS

Study Design

This was a secondary analysis of two cohorts of trauma patients (shock and TBI) who were 

enrolled in an out-of-hospital clinical trial evaluating the use of hypertonic saline and 

dextran (HSD) after injury.18,19

Setting

Data were collected from May 2006 to May 2009 as part of the Resuscitation Outcomes 

Consortium (ROC) HSD out-of-hospital clinical trial (ClinicalTrials.gov identifiers 

NCT00316017 and NCT00316004).18,19 The HSD study was a 3-arm, randomized, double-

blind, placebo-controlled clinical trial to evaluate different types of early resuscitation fluid 

(0.9% saline vs. 7.5% HS vs. 7.5% HS and 6% dextran 70) among patients with field 

evidence of shock or TBI. This exception from informed consent study was closed early due 

to futility, with the results showing no outcome differences between treatment groups.18,19 

The methodology and data collection used for this study have been previously detailed.20 

Eligible patients were identified by 81 EMS agencies (ground and air medical) transporting 

to 46 Level I and II trauma hospitals in 11 sites across North America (Birmingham, AL; 

Dallas, TX; Memphis, TN; Milwaukee, WI; Pittsburgh, PA; Portland, OR; San Diego, CA; 

King County, WA; Ottawa, ON; Toronto, ON; and Vancouver, BC). Institutional Review 

Boards and Research Ethics Boards from the 11 sites reviewed and approved the HSD trial, 

which was conducted under the exception from informed consent regulations in the U.S. and 

Canada.

Selection of Participants

We evaluated two separate cohorts of injured adults evaluated by 9-1-1 advanced life 

support (ALS) EMS providers at the scene of injury: (1) patients with clinical evidence of 

hemorrhagic shock (systolic blood pressure [SBP] ≤ 70 mmHg or SBP 71 – 90 mmHg and 

heart rate ≥ 108 beats per minute at any point during out-of-hospital evaluation) and (2) 

patients with evidence of TBI (Glasgow Coma Scale [GCS] score ≤ 8 at any point during 

out-of-hospital evaluation). Patients meeting criteria for both cohorts were grouped in the 

shock cohort for purposes of analysis. The ROC HSD trial enrolled eligible patients ≥ 15 

years (two younger patients of adult size were also enrolled based on initially incorrect 

ages); all enrolled patients were considered for this analysis. All patients had an intravenous 

line placed and study fluid initiated by EMS providers. Eligible patients had to be < 4 hours 

from the injury event, receive < 2 liters of crystalloid prior to enrollment and have planned 

transport from the scene of injury to a Level I or II trauma center. Exclusion criteria 

included: pregnancy, children, interhospital transfers, ongoing cardiopulmonary 

resuscitation, severe hypothermia, drowning, asphyxia due to hanging, burns > 20% of total 

body surface area, isolated penetrating injury to the head and incarceration/police custody.
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We defined several a priori subgroups of patients for analysis based on plausible clinical 

mechanisms between time and outcome. Subgroups included: penetrating versus blunt 

injury, ground versus air transport and patients requiring early critical trauma resources. We 

defined “early critical trauma resources” as any of the following within 24 hours of 

emergency department (ED) arrival: packed red blood cell transfusion ≥ 6 units, major non-

orthopedic surgical procedures (brain, spine, neck, thoracic, abdominal, pelvic and 

vascular), interventional radiology procedures or death. Patients who died within 24 hours 

were included to minimize survivor bias by retaining high-risk patients who may not have 

survived long enough to undergo critical interventions. Our definition for early critical 

trauma resources is similar to a recent consensus definition for patients requiring immediate 

care in major trauma centers.21

Methods and Measurements

The primary exposure variable was total out-of-hospital time, calculated from time of initial 

9-1-1 call to time of EMS arrival at the receiving hospital ED. For patients with multiple 

sources of time records (e.g., dispatch, two or more patient care reports from different EMS 

agencies), data abstractors resolved discrepancies to produce the most accurate 

representation of time. There were strict quality assurance processes for data collection with 

the HSD trial.20 We did not evaluate sub-intervals of out-of-hospital time (e.g., response, 

on-scene, transport) because these intervals were not consistently captured in the trial.

We collected several additional out-of-hospital variables, including: patient demographics 

(age, sex), mechanism of injury (gunshot wound, stab/impalement, fall, motor vehicle 

occupant, motor vehicle vs. pedestrian or cyclist, motorcycle, struck, machinery or crushing 

injury), lowest SBP (in mmHg), initial Glasgow Coma Scale (GCS) score, highest and 

lowest heart rate (in beats/minute), advanced airway procedures (attempted intubation 

[endotracheal or nasal], supraglottic airway or cricothyrotomy), intravenous or intraosseus 

line placement, medication administration (paralytics, sedatives), field disposition and 

transport mode (ground ambulance versus helicopter).

Hospital variables included measures of injury severity (Abbreviated Injury Scale [AIS] 

score, Injury Severity Score [ISS]), non-orthopedic and orthopedic surgical interventions, 

the timing and volume of blood product transfusion, intensive care unit (ICU) duration of 

stay, total length of hospital stay (LOS) and in-hospital mortality.

Outcomes

We used the same primary outcomes captured in the HSD trial. For the shock cohort, the 

primary outcome was 28-day mortality. For the TBI cohort, the primary outcome was 6-

month Glasgow Outcome Scale - Extended (GOSE). When possible, GOSE was collected 

directly from the patient via a structured phone interview. If the patient was unable, a family 

member or caregiver was allowed to provide the information. We dichotomized 6-month 

GOSE into poor outcome (severe disability or death, GOSE ≤ 4) versus good outcome 

(moderate or no disability, GOSE ≥ 5). We used mortality information to supplement the 

GOSE outcome, as collected from hospital records, phone follow-up and public records. For 

the TBI cohort, we considered 28-day mortality a secondary outcome.
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Analysis

We used descriptive statistics to compare patients in each cohort by total outof-hospital time 

≤ 60 versus > 60 minutes. We then used multivariable logistic regression models to test the 

association between out-of-hospital time and outcome in the shock and TBI patient groups, 

analyzed separately. The time-outcome association was evaluated using multiple 

configurations of the time variable in separate models to comprehensively evaluate this 

relationship: continuous (linear association with outcome), spline regression (continuous, 

non-linear association with outcome), polytomous categorical (31 – 45, 46 – 60 and > 60 

minute categories with ≤ 30 minutes as the reference), and dichotomous (≤ 60 versus > 60 

minutes). We considered the dichotomous time variable a direct test of the “golden hour” 

concept in each cohort.

Multivariable models included plausible confounders of the time-outcome association and 

known predictors of outcome in trauma. We considered the following variables in the 

models: age (linear spline with knot at 45 years), sex, ISS, penetrating injury (shock model 

only), head AIS (TBI model only), SBP, GCS, heart rate, advanced airway attempt, mode of 

transport, and ROC site (fixed effect). To reduce bias and preserve study power, we used 

multiple imputation to handle missing values.22 We imputed the following key variables (% 

missing): age (0.1%), ISS (3.1%), heart rate (0.3%), head AIS (0.7% TBI cohort), SBP 

category (0.8% TBI cohort), 28-day mortality (0.7% TBI cohort) and GOSE (14.9% TBI 

cohort). The validity of multiple imputation for imputing missing out-of-hospital values and 

trauma data has been demonstrated under a variety of conditions.23,24 Twenty multiply 

imputed datasets were generated, each analyzed independently and combined using Rubin's 

method to appropriately account for variance within- and between-datasets.22 We assessed 

model fit using the Hosmer-Lemeshow goodness of fit test and examined diagnostic plots 

for change in coefficients (delta-beta) when individual episodes were excluded from the 

analysis. Analyses were conducted using R v3.01 (R Core Team, 2013) and the following R 

libraries: mice v2.16 and mitools v2.2.

RESULTS

Characteristics of Study Subjects

Of the 2,222 patients enrolled in the HSD trial, 2,017 met our study inclusion criteria and 

were retained for the primary sample. Two hundred five patients were excluded from the 

analysis for the following reasons: clinical trial study kit opened but not given, death in the 

field, missing key data, did not meet inclusion criteria and enrollment from a regional site 

with low representation (Figure 1). The primary sample included 778 patients in the shock 

cohort and 1,239 patients in the TBI cohort (Figure 1). Three hundred thirty-nine patients in 

the shock cohort also had an out-of-hospital GCS ≤ 8. Among patients with shock, 203 

(26%) died within 28 days of injury. For the TBI cohort, 652 (53%) patients had GOSE ≤ 4 

(including death) at 6 months and 304 (25%) died within 28 days. Characteristics of both 

cohorts, stratified by out-of-hospital time ≤ 60 versus > 60 minutes, are presented in Table 1. 

Shock patients with times longer than 60 minutes tended to be older, have more advanced 

airway interventions, air transport, blunt injury and slightly higher injury severity. TBI 
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patients with times longer than 60 minutes tended to have more advanced airway 

interventions, air transport, motor vehicular mechanisms and higher injury severity.

Main Results

The median total out-of-hospital time was 44 minutes (IQR 33-60) for the full sample, 41 

minutes (IQR 31-59) for the shock cohort and 46 minutes (IQR 35-61) for the TBI cohort. 

There were 174 (22%) patients with out-of-hospital time > 60 minutes in the shock cohort 

and 325 (26%) patients in the TBI cohort. Across the 11 sites, the shock cohort median out-

of-hospital time ranged from 35 to 75 minutes and from 38 to 65 minutes for patients with 

TBI. The distribution of total out-of-hospital time for each cohort, including the unadjusted 

proportion of patients incurring primary outcomes, is illustrated in Figure 2.

In multivariable logistic regression models for the shock cohort, total out-of-hospital time 

was not associated with 28-day mortality (Table 2). These results persisted using a variety of 

methods for modeling the time variable, including continuous, spline, dichotomous and 

polytomous terms (Table 3). Among subgroup analyses, only shock patients requiring early 

critical interventions had an adjusted association between out-of-hospital time > 60 minutes 

and increased mortality (OR 2.37, 95% CI 1.05, 5.37). For patients with TBI, total out-of-

hospital time was not associated with neurologic outcome at 6 months or 28-day mortality 

(Table 4). Similarly, there was no time-outcome association among TBI patients when the 

time variable was modeled in different forms or evaluated in subgroups (Table 5). These 

results did not qualitatively change when HSD treatment arm and a dichotomous version of 

heart rate (≤ 110 vs. > 110 beats/minute) were included in the models (data not shown).

The primary models were well-fit (Hosmer-Lemeshow goodness of fit statistic p = 0.69 for 

the shock cohort and p = 0.47 for the TBI cohort). There was no evidence of effect 

modification between time and clinical variables in the shock cohort (all interactions p > .

05). In the TBI cohort, there was suggestion of effect modification in two terms: time × head 

AIS ≥ 3 (p = .01) and time × ISS ≥ 16 (p = .03). While these TBI interactions suggest that 

the association between time and outcome was modified by injury severity, the direction of 

effect was not clinically plausible and did not change the overall results.

Results from pre-defined subgroup analyses for multivariable models using the dichotomous 

time variable are presented in Figure 3. Among the shock cohort, the only subgroup with an 

association between longer out-of-hospital time and greater 28-day mortality was the group 

requiring early critical resources (aOR > 60 minutes vs. ≤ 60 minutes 2.37, 95% CI 

1.05-5.37). Using different definitions of total out-of-hospital time (continuous, polytomous, 

spline) among the same subgroup demonstrated similar findings, though none reached 

statistical significance (Table 3). As a sensitivity analysis for the early critical resources 

subgroup, we excluded 27 patients with no signs of life upon arrival to the ED who had no 

procedures and were declared dead within 30 minutes of ED arrival (i.e., it is possible these 

patients had fatal injuries recognized by EMS personnel with longer times to reach the 

hospital due to field-based interventions or other factors). This analysis produced a similar 

point estimate, but a wider 95% CI that did not reach statistical significance (aOR > 60 

minutes vs. ≤ 60 minutes 2.14, 95% CI 0.91-5.04). There were no TBI subgroups that 

demonstrated a statistical association between longer time (> 60 minutes) and worse 6-
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month neurologic outcome (all p > 0.05) or greater 28-day mortality (all p > 0.05). Subgroup 

analyses for the TBI cohort using different versions of the time variable in multivariable 

models are presented in Table 5.

As an additional sensitivity analysis, we conducted survival analyses for both cohorts using 

28-day mortality. The lack of statistical association between out-of-hospital time (≤ 60 

minutes vs. > 60 minutes) and mortality persisted in the shock cohort (hazard ratio [HR] 

1.38, 95% CI .91 – 2.08) and TBI cohort (HR 0.82, 95% CI 0.59 – 1.13). Two shock 

subgroups demonstrated an association between longer out-of-hospital time and increased 

mortality: patients requiring early critical resources (HR 1.56, 95% CI 1.00 – 2.43) and 

patients injured by a blunt mechanism (HR 1.62, 95% CI 1.02 – 2.57). Other shock 

subgroups had no association. There were no TBI subgroups with an association between 

time and mortality in the survival analyses.

LIMITATIONS

Many factors influence out-of-hospital time, some of which may confound the association 

between time and outcome. Traditional injury severity measures, patient demographics, 

mechanism of injury, physiologic response to injury and out-of-hospital procedures may not 

fully account for such confounding, which creates challenges in evaluating the true influence 

of time on outcome. Unmeasured factors related to patient prognosis can influence EMS 

provider behavior (e.g., less time on scene, light-and-sirens transport and faster driving), 

which in turn influences time. These relationships often result in patients with the worst 

prognosis (and therefore poor outcomes) having shorter out-of-hospital times, as illustrated 

in Figure 2. In observational research, it is difficult to fully account for all factors explaining 

the prognostic differences between patients and resulting EMS provider behavior. Such bias 

and confounding can create the appearance that longer time results in better outcomes (e.g., 

the air medical subgroup of TBI patients in Table 5) and create difficulty in generating a 

completely unbiased assessment of the time-outcome association. Use of techniques such as 

instrumental variable analysis have been used in EMS and trauma research to account for 

such unmeasured confounding and bias,14,25-27 though an appropriate instrument was not 

available in these data.

In addition, the database used for this study provided a fixed number of patients in each 

cohort, including those with field times greater than 60 minutes. It is possible that a larger 

overall sample size or larger number of patients with prolonged out-of-hospital times would 

have increased the power to detect an association between time and outcome. Furthermore, 

this study was a secondary analysis of data from a clinical trial, rather than a study powered 

specifically to address the question of a time-outcome association. While the 95% 

confidence interval around each cohort's point estimate for the time-outcome association 

crosses one and we conclude that there is no association, it is possible that the true 

association lies within this range and may be detectable with a larger sample powered to 

directly address this study question.

While our results suggest that arriving within 60 minutes to a major trauma center may 

result in better survival for shock patients requiring early critical interventions, this finding 
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was from a subgroup analysis. Subgroup analyses have known limitations28 and this time-

outcome association did not persist using all versions of the time variable. Whether these 

findings reflect differences in statistical efficiency (e.g., a larger reference group in the 

dichotomous term) or chance is unclear. The definition used to identify this subgroup was 

based on expert consensus21 and was similar to resource-based definitions used in many 

previous trauma studies,29-36 though it is possible that a different definition for this 

subgroup would have produced different findings. Nonetheless, we did specify this subgroup 

analysis a priori and there is good biologic plausibility for the findings. However, these 

results require confirmation in additional studies before the relationship can be considered 

conclusive. The survival analysis suggested that shock patients with a blunt mechanism 

requiring more than 60 minutes to arrive at a trauma center also have increased mortality, 

though this finding was from a sensitivity analysis and did not appear in the primary results. 

Furthermore, the data used for the present study came from a randomized controlled trial 

conducted in high-functioning ALS EMS agencies with direct transport to major trauma 

centers; our results may not generalize to regions with different resources or non-ALS EMS 

systems.

Finally, out-of-hospital time represents only one portion of the time continuum following 

injury. We were not able to account for the time between injury and 9-1-1 call or the time 

from ED arrival to hospital-based definitive care (for patients requiring such care). These 

additional time components are also likely to be important in evaluating the role of time in 

determining outcome following injury. However, one distinction with outof-hospital time is 

that this time interval is a modifiable component of trauma systems. That is, system-level 

operational changes can be implemented to increase or decrease total out-of-hospital time 

for certain patients in an effort to further optimize trauma systems and health outcomes.

DISCUSSION

In this study, we did not find an association between longer out-of-hospital time and worse 

outcomes among injured patients with field-based physiologic markers of shock and TBI. 

However, the subgroup of shock patients requiring early critical hospital interventions and 

arriving at a major trauma center greater than 60 minutes from 9-1-1 call were more likely to 

die within 28 days. Patients with TBI did not demonstrate a similar association. While our 

primary findings are consistent with a large number of previous studies demonstrating no 

association between time and outcome following injury,6-13 the subgroup results identify a 

population of injured patients where time may play an important role in determining 

outcome.

Although the concept of the “golden hour” and expeditious trauma care is a cornerstone of 

trauma systems, small differences in time (e.g., minutes) are unlikely to play a crucial role in 

determining outcome for all trauma patients. Many patients served by EMS will have non-

life threatening injuries that do not require time-dependent intervention, even when 

physiologic compromise is present.18-20,37 However, clinical experience suggests that time 

can be critical in determining outcomes for certain trauma patients. The challenge has been 

in identifying and defining which patients have time-dependent injuries where out-of-

hospital time may have a direct impact on outcome. Pushing for the fastest possible out-of-
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hospital care in every trauma patient (e.g., through lights-and-siren use, rapid driving and air 

medical transport) can create unnecessary risks to EMS providers, patients and the nearby 

public,15-17 while also being a common source of tort claims against EMS agencies.38 The 

EMS resources needed for rapid response and transport typically require comprehensive 

ambulance coverage, increased EMS staffing, and air medical services, all of which are 

expensive to sustain. In certain regions, it may not be possible to reach a major trauma 

center within 60 minutes due to geography, weather, extrication delays and other factors. In 

seeking to further optimize trauma systems, identifying which patients have better outcomes 

from rapid out-of-hospital care and which patients can be safely managed without such time 

constraints may help improve patient outcomes, reduce EMS occupational risks, reduce 

system costs and increase system efficiency.

Our findings add to the existing body of literature evaluating the role of time following 

injury. The only clinical conditions where out-of-hospital time has been consistently linked 

to outcome are non-traumatic cardiac arrest (response interval)39,40 and ST-elevation 

myocardial infarction (total out-of-hospital time).41 Time is also closely associated with 

outcome in stroke,42,43 though the relationship between out-of-hospital time and outcome 

following stroke has not been directly evaluated. One study suggested that shorter EMS 

response times were linked to improved survival among a mixed sample of patients served 

by EMS,25 though this finding has not been replicated in other studies.44,45 Among injured 

patients, the majority of previous studies evaluating the association between time and 

outcome have demonstrated no relationship.7-14 Our primary findings were similar, despite 

including patients with physiologic decompensation and accounting for multiple 

confounders. While out-of-hospital hypotension and depressed GCS are intended to identify 

the highest risk trauma patients for immediate transport to major trauma centers,1,2,46,47 

these physiologic measures remain relatively crude tools in identifying patients with true 

time-dependent illness.

Our study is unique in suggesting one plausible subgroup of trauma patients where out-of-

hospital time may be linked to outcome. Shock patients who required early critical 

interventions had higher adjusted survival when arriving within 60 minutes to a major 

trauma center. However, a similar TBI subgroup did not demonstrate such findings. These 

results will require confirmation before influencing EMS and trauma system operations. 

However, if confirmed, the ability to use these results in practice will also be contingent on 

being able to identify this important subgroup of patients with readily available information 

in the field. Current field trauma triage guidelines are generally designed to identify patients 

with serious injuries46 and therefore are not specific enough to separate out patients with 

time-dependent illness from those with less time-sensitive injuries. While we did not have 

enough information available in these data to determine specific types of injuries or clinical 

conditions represented in the group of patients requiring early critical interventions, this 

subgroup provides a target group for whom clinical decision rules could be developed using 

information readily available to EMS personnel. We have recently derived preliminary field-

based decision rules for identifying such high-risk patients among a larger group of 

hypotensive trauma patients.48
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There are several potential explanations for the lack of a time-outcome association among 

TBI patients. First, not all patients with GCS ≤ 8 had serious TBI, illustrating the lack of 

precision in current out-of-hospital physiologic measures in identifying high-risk patients. 

Second, the management of patients with TBI is complex, with many factors affecting 

outcome, including the severity and type of brain injury, age, physiologic response to injury, 

oxygenation, comorbidities, pre-injury medication use, early resuscitative care, surgical 

decision-making and critical care management. That is, time is but one factor involved in a 

complex combination of factors affecting outcome following TBI.

CONCLUSIONS

Among out-of-hospital trauma patients meeting physiologic criteria for shock and TBI, there 

was no overall association between time and outcome. However, in the subgroup of shock 

patients requiring early critical hospital interventions, arriving at a major trauma center 

within 60 minutes of 9-1-1 call was associated with higher 28-day survival.
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Technical Appendix

Analysis Software

All analyses were conducted in R v3.01.1 Multiply imputed datasets were generated using 

the package mice v2.162 and results from the multiple analyses were combined using 

functions from the package mitools v2.2.3

1R Core Team (2013). R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, 
Austria. URL http://www.R-project.org/.
2Stef van Buuren, Karin Groothuis-Oudshoorn (2011). mice: Multivariate Imputation by Chained Equations in R. Journal of 
Statistical Software, 45(3), 1-67. URL http://www.jstatsoft.org/v45/i03/.
3Thomas Lumley (2012). mitools: Tools for multiple imputation of missing data. R package version 2.2. http://CRAN.R-project.org/
package=mitools
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Multiple Imputation

For the shock cohort, Injury Severity Score (ISS) was the only measure with any notable 

missingness: 31 patients (4%). Because of the potential for selection bias in doing a 

complete case analysis and because we had good information (partial severity score data) 

from which to impute ISS, we chose to employ multiple imputation in our analyses. There 

were three other measures with missing values (counts in parentheses): age (1), initial GCS 

(1), and highest heart rate (4). Several severity-related measures not in the primary analysis 

model were used in the imputation models to impute ISS. Table 1 shows all the measures 

used in the shock cohort imputation and analysis models.

For the TBI cohort, the primary outcome, 6-month Glasgow Outcome Scale – Extended 

(GOSE), was missing for 185 patients (15%) and ISS was missing for 31 patients (3%). In 

addition, the following measures had missing values (counts in parenthesis): age (1), highest 

heart rate (2), 28-day mortality (8), head abbreviated injury score (8), and initial systolic 

blood pressure (10). Several severity-related measures not in the primary analysis model 

were used in the imputation models to impute GOSE and ISS. The selection of measures for 

the imputation of GOSE was informed by recent research by Zelnick et al.4 Table 2 shows 

all measures used in the TBI cohort imputation and analysis models. Twenty complete 

datasets were generated for each cohort using multivariable imputation by chained equation 

(MICE),3 also known as fully conditional specification (FCS). Results from the 20 datasets 

were combined using the method of Rubin,5 as implemented in mitools.

Analysis Models

The columns headed “In analysis model?” in Tables 1 and 2 indicate whether the variable 

was included in the analysis models for the shock and TBI cohorts. We modeled the EMS 

time covariate four different ways in separate models: dichotomous (≤ 60 vs. > 60 minutes), 

polytomous (≤ 30, 30-45, 46-60, and > 60 minutes), continuous, and continuous with spline 

knots at 30, 45, and 60 minutes. The other covariates are modeled as described in the 

“Modeled as ...” column for all analysis models.

Appendix Table 1

Shock Cohort: Characteristics in the Imputation and Analysis Models.

The following characteristics were included in imputation models to multiply impute values for those 
characteristics that were missing for one or more patients.

In analysis models? Characteristic Modeled as ... # Missing Imputation method

Y 28-day mortality Indicator 0

Y EMS Time (minutes)
a

Categorical: ≤30, 
30-45, 46-60, >60

0

4Zelnick LR, Morrison LJ, Devlin SM, et al. Addressing the challenges of obtaining functional outcomes in traumatic brain injury 
research: missing data patterns, timing of follow-up, and three prognostic models. J Neurotrauma 2014;31(11):1029-1038. doi:
10.1089/neu.2013.3122.
5Rubin DB. Multiple Imputation for Nonresponse in Surveys. New York: John Wiley & Sons, Inc., 1987.
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The following characteristics were included in imputation models to multiply impute values for those 
characteristics that were missing for one or more patients.

In analysis models? Characteristic Modeled as ... # Missing Imputation method

Y Age Continuous, spline 
with knot at 45 
years

1 PMM

Y Male gender Indicator 0

Y Penetrating injury Indicator 0

Y ISS
b

Continuous 31 PMM

Y Qualifying SBP Categorical: ≤50, 
51-60, 61-70, 
71-80, 81-90

0

Y Highest heart rate (beats/minute) Categorical: <50, 
51-110, >110

4 ML

Y Initial GCS Continuous 1 PMM

Y Out-of-hospital advanced airway 
attempted

Indicator 0

Y Air transport Indicator 0

Y Regional site Categorical - fixed 
effect

0

N Required critical intervention Indicator 0

N ISS disposition category Categorical: Died < 
6 hrs, other death, 
discharge ≥ 2 days, 
discharge < 2 days, 
discharge from ED, 
unknown

1 ML

N Serious injury (AIS ≥ 3) to chest 
or abdomen

Indicator 4 LR

N Serious injury (AIS ≥ 3) to 
extremity

Indicator 7 LR

N Serious injury (AIS ≥ 3) to the 
head

Indicator 1 LR

Abbreviations: AIS, Abbreviated Injury Score; ED, emergency department; GCS, Glasgow Coma Scale; ISS, Injury 
Severity Score; LR, logistic regression; ML, multinomial logit; PMM, predictive mean modeling; SBP, systolic blood 
pressure.
a
EMS time is also used as a continuous variable in some analysis models but not in the imputation models.

b
In most instances ISS is missing because one of the individual AIS scores is listed as “not otherwise specified” preventing 

the calculation of the ISS. However, there are other AIS scores available and this information can be used in the imputation 
process (see last 5 characteristics).

Appendix Table 2

Traumatic Brain Injury Cohort: Characteristics in the Imputation and Analysis Models.

The following characteristics were included in imputation models to multiply impute values for those 
characteristics that were missing for one or more patients.

In analysis models? Characteristic Modeled as ... # Missing Imputation method

Y 6-month GOSE ≤ 4 Indicator 185 LR

Y 28-day mortality Indicator 8 LR

Y EMS Time (minutes)
a

Categorical: ≤30, 
30-45, 46-60, >60

0
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The following characteristics were included in imputation models to multiply impute values for those 
characteristics that were missing for one or more patients.

In analysis models? Characteristic Modeled as ... # Missing Imputation method

Y Age Continuous, spline 
with knot at 45 
years

1 PMM

Y Male gender Indicator 0

Y ISS
b

Continuous 31 PMM

Y Head AIS ≥ 3 Indicator 8 LR

Y Initial SBP Categorical: ≤90, 
91-105, 106-120, 
121-180, >180

10 ML

Y Highest heart rate (beats/minute) 
> 110

Indicator 2 LR

Y Qualifying GCS Continuous 0

Y Out-of-hospital advanced airway 
attempted

Indicator 0

Y Air transport Indicator 0

Y Regional site Categorical - fixed 
effect

0

N Required critical intervention Indicator 0

N Discharge GOSE Continuous 69 PMM

N Days alive and out of the hospital 
through day 28; death before 28 
days is coded as 0.

Continuous 13 PMM

N ISS disposition category Categorical: Died 
< 6 hrs, other 
death, discharge ≥ 
2 days, discharge 
< 2 days, 
discharge from 
ED, unknown

0 ML

N Serious injury (AIS ≥ 3) to chest 
or abdomen

Indicator 0 LR

N Serious injury (AIS ≥ 3) to 
extremity

Indicator 0 LR

Abbreviations: AIS, Abbreviated Injury Score; GCS, Glasgow Coma Scale; GOSE, Glasgow Outcome Scale – Extended, 
ISS, Injury Severity Score; LR, logistic regression; ML, multinomial logit; PMM, predictive mean modeling; SBP, systolic 
blood pressure.
a
EMS time is also used as a continuous variable in some analysis models but not in the imputation models.

b
In most instances ISS is missing because one of the individual AIS scores is listed as “not otherwise specified” preventing 

the calculation of the ISS. However, there are other AIS scores available and this information can be used in the imputation 
process.
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Figure 1. 
Flow diagram of patients included in the primary analysis.

Abbreviations: GCS, Glasgow Coma Scale; GOSE, Glasgow Outcome Scale – Extended; 

HR, heart rate; SBP, systolic blood pressure; TBI, traumatic brain injury.

*Both cohorts include 4 patients where there was insufficient data to determine a specific 

cohort. For all 4, the study kit had been opened, but no fluid was infused.
†No qualifying vital signs recorded or no traumatic mechanism. The qualifying SBP must 

have been ≤ 70 or 71-90 accompanied by a heart rate ≥ 108 beats per minute.
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‡No GCS ≤ 8 recorded prior to enrollment or met shock cohort criteria after shock 

enrollment was closed.

§Two regional sites had fewer than 4 eligible patients in each of the cohorts. Patients 

enrolled from these sites were excluded from this analysis.
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Figure 2. 
Total out-of-hospital time and unadjusted primary outcomes for the (A) shock cohort (n = 

778) and (B) traumatic brain injury cohort (n = 1,239).*

*Includes imputed values for 6-month GOSE. X-axis has been truncated at 120 minutes in 

both cohorts for clarity.
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Figure 3. 
Subgroup analyses for shock (outcome = 28-day mortality) and traumatic brain injury 

(outcome = 6-month GOSE ≤ 4) cohorts using multivariable models and a dichotomous out-

of-hospital time variable (> 60 minutes vs. ≤ 60 minutes).
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Table 1

Characteristics of the two trauma patient cohorts, stratified by total out-of-hospital time.

Shock cohort, n = 778 TBI cohort, n = 1,239

Out-of-hospital 
time ≤ 60 minutes

Out-of-hospital 
time > 60 minutes

Out-of-hospital 
time ≤ 60 minutes

Out-of-hospital 
time > 60 minutes

n = 604 n = 174 n = 914 n = 325

Demographics:

Age in years – median (IQR) 31 (23-45) 38 (26-54) 35 (24-52) 33 (22-47)

Women (%) 121 (20) 52 (30) 211 (23) 84 (26)

Out-of-hospital physiology and procedures:

SBP in mmHg – median (IQR)
68 (ND

**
-80)

70 (60-85) 130 (111-150) 130 (110-147)

GCS – median (IQR) 12 (4-15) 11 (3-15) 4 (3-7) 5 (3-7)

Heart rate in beats/minute – median (IQR) 120 (108-132) 120 (110-135) 101 (86-120) 110 (93-125)

Advanced airway attempt (%) 223 (37) 94 (54) 521 (57) 282 (87)

Air medical transport (%) 92 (15) 119 (68) 242 (26) 255 (78)

Mechanism of Injury:

Gunshot wound (%) 154 (25) 9 (5) 16 (2) 2 (1)

Stabbing/impalement (%) 99 (16) 9 (5) 2 (0) 0 (0)

Other penetrating (%) 16 (3) 1 (1) 0 (0) 0 (0)

Motor vehicle crash (MVC) - occupant (%) 127 (21) 93 (53) 300 (33) 181 (56)

Motorcyclist (%) 49 (8) 23 (13) 87 (10) 38 (12)

MVC – Bicyclist/Pedestrian (%) 65 (11) 10 (6) 161 (18) 22 (7)

Fall (%) 55 (9) 13 (7) 207 (23) 39 (12)

Assault (%) 21 (3) 2 (1) 86 (9) 13 (4)

Other blunt (%) 18 (3) 14 (8) 54 (6) 30 (9)

Hospital measures:

Transport to Level I (%) 527 (87) 160 (92) 762 (83) 307 (94)

Transport to Level II (%) 72 (12) 12 (7) 140 (15) 18 (6)

Injury severity:

Median ISS (IQR) 22 (10-34) 25 (17-34) 25 (14-34) 29 (21-41)

ISS >= 16 (%) 407 (67) 137 (79) 673 (74) 278 (86)

Hospital resources within the 1st 24 hours:

Median PRBC transfusion (IQR) 2 (0-7) 2 (0-6) 0 (0-0) 0 (0-2)

PRBC transfusion ≤ 1 unit (%) 370 (61) 101 (58) 218 (24) 98 (30)

PRBC transfusion ≤ 6 units (%) 173 (29) 45 (26) 62 (7) 31 (10)

Craniotomy (%) 16 (3) 6 (3) 129 (14) 41 (13)

Thoracic surgery (%) 84 (14) 17 (10) 14 (2) 5 (2)

Abdominal or pelvic surgery (%) 179 (30) 36 (21) 51 (6) 24 (7)

Peripheral vascular surgery (%) 55 (9) 7 (4) 2 (0) 3 (1)

Neck surgery (%) 9 (1) 1 (1) 0 (0) 1 (0)
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Shock cohort, n = 778 TBI cohort, n = 1,239

Out-of-hospital 
time ≤ 60 minutes

Out-of-hospital 
time > 60 minutes

Out-of-hospital 
time ≤ 60 minutes

Out-of-hospital 
time > 60 minutes

n = 604 n = 174 n = 914 n = 325

Interventional radiology procedures (%) 45 (7) 11 (6) 16 (2) 5 (2)

Open fixation of fracture (%) 69 (11) 29 (17) 59 (6) 21 (6)

Critical resource use within 24 hours
*
 (%)

391 (65) 93 (53) 293 (32) 109 (34)

Outcomes:

Death within 1st 24 hours (%) 127 (21) 37 (21) 114 (13) 41 (13)

In-hospital mortality (%) 159 (26) 48 (28) 226 (25) 83 (26)

28-day mortality (%) 157 (26) 46 (26) 225 (25) 78 (24)

6-month GOSE ≤ 4 (%) - - - - 473 (52) 179 (55)

Abbreviations: GCS, Glasgow Coma Scale; GOSE, Glasgow Outcome Scale-Extended; IQR, interquartile range; ISS, Injury Severity Score; 
PRBC, packed red blood cells; SBP, systolic blood pressure; TBI, traumatic brain injury.

*
Critical resource use was defined as any of the following within 24 hours of emergency department arrival: packed red blood cell transfusion ≥ 6 

units, major non-orthopedic surgical procedures (brain, spine, neck, thoracic, abdominal, pelvic and vascular), interventional radiology procedures 
or death

**
ND, not detectable
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Table 2

Multivariable logistic regression model evaluating the association between total out-of-hospital time and 28-

day mortality among the shock cohort (n = 778).
*

Unadjusted Adjusted

Modeled variables
† Odds Ratio 95% CI Odds Ratio 95% CI

Total EMS time (minutes)

    ≤ 30 (n=172) 1.00 reference 1.00 reference

    30-45 (n=271) 0.94 (0.61, 1.45) 0.97 (0.52, 1.82)

    45-60 (n=161) 0.85 (0.52, 1.39) 0.69 (0.33, 1.46)

    > 60 (n=174) 0.96 (0.59, 1.54) 1.16 (0.51, 2.65)

Age

    per 5-year increment for age < 45 0.96 (0.88, 1.06) 1.02 (0.89, 1.16)

    per 5-year increment for age ≥ 45 1.17 (1.06, 1.29) 1.45 (1.25, 1.68)

Male 0.86 (0.59, 1.26) 0.84 (0.49, 1.46)

Penetrating injury 0.60 (0.42, 0.84) 3.31 (1.79, 6.12)

Injury severity score (ISS) 1.06 (1.04, 1.07) 1.06 (1.04, 1.07)

Qualifying SBP range (mmHg)

    ≤ 50 4.57 (2.74, 7.61) 6.58 (3.06, 14.16)

    51-60 2.26 (1.21, 4.24) 4.55 (1.89, 10.94)

    61-70 1.45 (0.82, 2.55) 3.32 (1.48, 7.45)

    71-80 1.30 (0.70, 2.44) 2.61 (1.13, 6.01)

    81-90 1.00 reference 1.00 reference

Highest heart rate (beats/m)

    < 50 24.88 (5.50, 112.45) 6.90 (1.16, 40.94)

    50-110 1.00 reference 1.00 reference

    > 110 1.15 (0.81, 1.65) 1.61 (0.95, 2.72)

Initial GCS (per increment of 1) 0.76 (0.73, 0.80) 0.83 (0.78, 0.88)

Advanced airway attempted 7.67 (5.31, 11.07) 5.02 (2.58, 9.77)

Air transport 1.14 (0.80, 1.63) 0.49 (0.24, 0.99)

Abbreviations: CI, confidence interval; EMS, emergency medical services; GCS, Glasgow Coma Scale; SBP, systolic blood pressure.

*
Site was included in the model as a fixed effects term to account for clustering.
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†
The polytomous time variable is presented for clarity and detail across segments of time. We used multiple imputation for the following variables 

(counts): age (1), ISS (31), heart rate (4), and GCS (1). Partial Abbreviated Injury Scale (AIS) data were available for all patients missing ISS 
score. Age modeled as spline with one knot specified at 45 years.
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