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Abstract

Study objective—Induction doses of etomidate during rapid sequence intubation (RSI) cause 

transient adrenal dysfunction, but its clinical significance on trauma patients is uncertain. 

Ketamine has emerged as an alternative for RSI induction. Among adult trauma patients 

emergently intubated, we compared clinical outcomes among those induced with etomidate and 

ketamine.

Methods—The study entailed a retrospective evaluation of a four-year (January 2011–December 

2014) period spanning an institutional protocol switch from etomidate to ketamine as the standard 

induction agent for adult trauma patients undergoing RSI in the ED of an academic Level I trauma 
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center. The primary outcome was hospital mortality evaluated with multivariable logistic 

regression adjusted for age, vital signs, and injury severity and mechanism. Secondary outcomes 

included intensive care unit (ICU)-free days and ventilator-free days (VFD) evaluated with 

multivariable ordered logistic regression using the same covariates.

Results—The analysis included 968 patients, including 526 with etomidate and 442 with 

ketamine. Hospital mortality was 20.4% among patients induced with ketamine compared to 

17.3% among those induced with etomidate (aOR: 1.41; 95% CI: 0.92, 2.16). Patients induced 

with ketamine had similar ICU-free-days (aOR: 0.80; 95% CI: 0.63, 1.00) and VFDs (aOR: 0.96; 

95% CI: 0.76, 1.20) as compared to patients induced with etomidate.

Conclusion—In this analysis spanning an institutional protocol switch from etomidate to 

ketamine as the standard RSI induction agent for adult trauma patients, patient-centered outcomes 

were similar for patients who received etomidate and ketamine.
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INTRODUCTION

Background

Trauma is the leading cause of death for Americans under 45 years old, and accounts for 30 

million emergency department (ED) visits and three million hospitalizations annually in the 

United States (US).1,2 Clinical practice guidelines recommend rapid sequence intubation 

(RSI) as the procedure of choice for intubating acutely-injured patients.3 Due to their rapid 

onset and favorable hemodynamic effects, both etomidate and ketamine are used for RSI 

induction in trauma.4–10 However, whether one agent should be preferred over the other for 

RSI of trauma patients remains unclear.

Importance

Induction doses of etomidate inhibit the 11-β hydroxylase enzyme and cause transient 

adrenal suppression that may negatively impact severely injured patients.11–16 Although 

ketamine has emerged as an alternative to etomidate for RSI in trauma, experience with 

ketamine in this setting is limited due to historical concerns about it increasing intracranial 

pressure, and evidence suggesting it has a direct myocardial depressant effect, which may 

lead to complications in critically ill patients with diminished physiologic reserve.17–21

Goals of This Investigation

Based on data suggesting etomidate-induced adrenal dysfunction may be associated with 

adverse outcomes in trauma,22–25 in December 2012 our institution changed the standard 

induction agent for ED RSI of trauma patients from etomidate to ketamine. Using this 

systematic protocol change, we compared the morbidity and mortality of trauma patients 

intubated with etomidate and ketamine during a four-year period spanning this practice 

change.
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MATERIALS AND METHODS

Study Design and Setting

This was a retrospective analysis of data collected at an academic, tertiary care, Level I 

trauma center in the US with approximately 70,000 adult ED visits and 3,600 acute trauma 

admissions annually. The study period was January 1, 2011 through December 31, 2014. 

Adult trauma patients were intubated by emergency physicians using a standardized clinical 

protocol. Prior to December 2012, etomidate was the on-protocol, standard induction agent 

for ED RSI of trauma patients. In December 2012, ketamine replaced etomidate as the on-

protocol induction agent. There were no other changes to the RSI protocol during this time. 

Recommended induction doses were: etomidate 0.3 mg/kg; and ketamine 1–2 mg/kg. 

Succinylcholine was the standard on-protocol RSI paralytic throughout the study period. All 

treatment decisions were made by treating clinicians independent of this study; throughout 

the study period, treating clinicians had the ability to select an off-protocol induction agent 

based on clinical discretion. The study was approved by the local institutional review board 

(IRB #150666) with waiver of informed consent.

Selection of Participants

Patients ≥18 years old were included if they presented with acute trauma and were intubated 

in the ED using either etomidate or ketamine for RSI induction. Several a priori subgroups 

were also identified, including patients with: traumatic brain injury (TBI); Glasgow Coma 

Scale (GCS) < 15 at presentation; penetrating trauma; “major trauma,” defined as an Injury 

Severity Score (ISS) > 15; and systolic blood pressure (SBP) < 100 mm Hg at presentation. 

These subgroups were selected based on the hypothesis that patients with TBI and severe 

trauma may be particularly vulnerable to etomidate-induced adrenal suppression.26,27 TBI 

was defined as intracranial hemorrhage, diffuse axonal injury, or shear injury identified by 

an attending radiologist on the first head computed tomography scan after presentation.

Exposure Groups

As detailed in the Analysis section below, two separate analyses were conducted and the 

exposure definitions varied per analyses. In the primary analysis, patients who received 

ketamine were compared to those who received etomidate, regardless of which agent was the 

standard RSI on-protocol induction agent at the time of intubation. A secondary, quasi-

experimental analysis assessed the impact of the RSI protocol change from etomidate to 

ketamine; for this analysis, outcomes from patients intubated after the induction agent 

protocol switch in December 2012 (the ketamine period) were compared to those intubated 

before the protocol switch (the etomidate period), regardless of the induction agent received.

Outcomes

The primary outcome was hospital mortality, defined as death in the ED or during the index 

hospitalization following RSI in the ED. Secondary outcomes included: days alive and 

outside an ICU between ED RSI and 28 days later (ICU-free days); days alive and free of 

invasive mechanical ventilation between the time of ED RSI and 28 days later (ventilator-

free days); days alive and free of vasopressor support between ED RSI and 28 days later 
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(vasopressor-free days); units of packed red blood cells (PRBCs) transfused in the first 48 

hours; hospital-acquired sepsis to day 28, defined as ≥2 systemic inflammatory response 

syndrome criteria with confirmed/suspected source of infection; time to hospital discharge; 

and hazard of hospital death. Consistent with prior literature on the “-free day” composite 

outcomes,28 patients who died before day 28 were considered to have experienced zero ICU-

free days, ventilator-free days, and vasopressor-free days, and those discharged or 

transferred prior to day 28 were assumed to have no additional days in the ICU, on the 

ventilator, or on vasopressors after discharge or transfer.

Additional outcomes used to assess intubating conditions during RSI included: first-pass 

intubation success; need for rescue surgical airway; and peri-intubation cardiac arrest, 

defined as cardiac arrest within one hour of induction agent administration.

Data Collection

Data were abstracted from the electronic medical record, our medical center enterprise data 

warehouse, and the institution’s Trauma Registry of the American College of Surgeons 

(TRACS) database. Data were collected using high-quality chart review standards29 and 

managed using the REDCap electronic data capture tool.30 After case identification and 

extraction from our data registries, medical record data were collected by a single 

investigator (CPU), who was a senior medical student trained on the study protocol and 

variable definitions by the senior investigator. A second investigator (WHS) independently 

reviewed a random 10% subset of included patients, and inter-rater agreement between the 

two reviewers was calculated for the primary exposure variable (induction agent) and the 

primary outcome (hospital mortality). Chart abstractors were not blinded to the study’s 

purpose.

Analysis

Primary Analysis—For the primary analysis, exposure groups were defined by the 

induction agent administered to each patient. Multivariable logistic regression models were 

used to evaluate the association between induction agent (ketamine vs etomidate as a 

referent) and hospital mortality. Model covariates, selected a priori based on literature 

review31,32 and mechanistic plausibility for confounding, included: age; gender; ED 

presentation heart rate, SBP, and GCS; ISS; and injury mechanism (blunt vs penetrating). 

Age, heart rate, and SBP had non-linear relationships with mortality and were modeled with 

four-knot restricted cubic spline functions.33 The association between induction agent and 

hospital mortality was also estimated for each subgroup using this model. For these 

subgroup analyses, interaction terms between the subgroup and induction agent were 

examined, and estimates of association between induction agent and hospital mortality were 

calculated using linear combinations of coefficients from the regression models that included 

the interaction terms.34

Multivariable models for secondary outcomes were constructed with the same covariates 

used in the mortality model. ICU-free days, ventilator-free days, vasopressor-free days, and 

units of PRBCs transfused were modeled with ordered logistic regression. Hospital-acquired 

sepsis was modeled with logistic regression. Time to hospital discharge was modeled with 
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proportional hazard regression while considering hospital death as a competing risk event. 

Hazard of hospital death was modeled with proportional hazard regression with hospital 

discharge treated as a censoring event.

Secondary Analysis—Association between the implementation of ketamine as the new 

on-protocol induction agent for ED RSI of trauma patients and hospital mortality was 

evaluated using an interrupted time series analysis.35,36 The four-year study period was 

divided into 24 two-month intervals (bimonths). The etomidate period (before the 

institutional protocol switch) was defined as January 2011 to October 2012 (11 bimonths). 

November 2012 to February 2013 (2 bimonths) was defined as a transition period as the 

protocol change was introduced and implemented, and was excluded from analysis. The 

ketamine period (after the institutional protocol switch) was defined as March 2013 to 

December 2014 (11 bimonths). A segmented linear regression model was constructed to 

analyze changes in hospital mortality over time.37 The dependent variable for the model was 

the proportion of patients who died (hospital mortality) during each bimonthly interval. 

Independent variables included a term for the time of protocol change from etomidate to 

ketamine, and terms for secular trends in the etomidate and ketamine periods. Model output 

provided estimates for the change in hospital mortality over time during the etomidate and 

ketamine periods, as well as the immediate change in hospital mortality associated with the 

protocol switch.

Statistical analyses were conducted with Stata (Version 12.1; StataCorp LP, College Station, 

TX) and R (Version 3.2.3). We evaluated the overall calibration of our multivariable logistic 

regression model using the Hosmer-Lemeshow goodness-of-fit test. Linear regression model 

assumptions were assessed through standard examination of residuals and evaluation of the 

potential autocorrelation of error terms in our time-series data. These assessments indicated 

that our logistic regression model fit the data well, and no major departures from linear 

regression model assumptions were noted.

RESULTS

Characteristics of Study Subjects

The study population included 968 patients, including 526 (54%) who received etomidate 

and 442 (46%) who received ketamine (Figure 1). The median dose was 20 mg (IQR: 15–

20) for etomidate and 150 mg (IQR: 150–150) for ketamine.

Characteristics were similar for patients who received etomidate and ketamine, including 

age, vital signs, ISS, injury mechanism, and Elixhauser comorbidity summary score (Table 

1). Administration of at least one dose of systemic steroids during the 28 days following RSI 

was similar between the etomidate (15.2%) and ketamine (16.1%) groups (0.9% absolute 

difference; 95% CI: −3.7%, 5.5%). Inter-rater agreement between the two investigators 

performing data collection was 100% (κ= 1.00; SE: 0.10) for both induction agent and 

hospital mortality.
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Main Results

Primary Analysis—Overall, 181 (18.7%) patients experienced hospital mortality, 

including 90 (20.4%) induced with ketamine compared with 91 (17.3%) induced with 

etomidate (aOR: 1.41; 95% CI: 0.92, 2.16; Table 2). This finding was consistent across all 

subgroups (Figure 2).

Compared with etomidate, ketamine was associated with lower odds of hospital-acquired 

sepsis (aOR: 0.72; 95% CI: 0.52, 0.99), but fewer vasopressor-free days (aOR: 0.74; 95% 

CI: 0.58, 0.95), which corresponds to longer duration of vasopressor use. Otherwise, 

secondary outcomes were similar (Table 2; Web Appendix Figure E1).

Peri-intubation outcomes were also similar in patients who received ketamine compared to 

those who received etomidate, including first-pass intubation success (93.7% vs 93.9%, 

absolute risk difference: −0.2%; 95% CI: −3.3%, 2.8%), need for rescue surgical airway 

(0.2% vs 0.2%, absolute risk difference: 0; 95% CI: −0.5%, 0.6%), and peri-intubation 

cardiac arrest (2.7% vs 1.5%, absolute risk difference: 1.2%; 95% CI: −0.8%, 3.0%).

Secondary Analysis—During the “etomidate period” prior to the institutional protocol 

switch from etomidate to ketamine, 508 patients were included in the study, including 466 

(91.7%) who received etomidate and 42 (8.3%) who received ketamine (Figure 3A). During 

the transition period, there were 64 total patients, including 37 (57.8%) who received 

etomidate and 27 (42.2%) who received ketamine. During the “ketamine period” following 

the protocol switch, 396 patients were included in the study, including 362 (91.4%) who 

received ketamine and 34 (8.6%) who received etomidate (Figure 3A). ISS for included 

patients remained similar across the entire study period; the median ISS was 22 (IQR: 13–

34) during the etomidate period, and 22 (IQR: 13–29) during the ketamine period (Figure 

3A). Patient characteristics were similar in the etomidate and ketamine periods (Web 

Appendix Table E1).

Overall, unadjusted hospital mortality was 17.3% during the etomidate period and 20.7% 

during the ketamine period (absolute risk difference: 3.4%; 95% CI: −1.8%, 8.6%). In 

segmented regression analysis, there was no significant trend in hospital mortality during the 

etomidate period (−0.4% absolute change per bimonth; 95% CI: −1.8%, 1.0%), and no 

significant change in hospital mortality immediately associated with the protocol switch 

from etomidate to ketamine (1.2% absolute change; 95% CI: −11.3%, 13.6%). Furthermore, 

hospital mortality trends in the ketamine and etomidate periods did not significantly differ 

from one another (1.1% absolute change; 95% CI: −0.8%, 3.1%) (Figure 3B). The 

segmented linear regression was repeated with adjustment for median ISS, and results were 

unchanged compared to the unadjusted analysis.

LIMITATIONS

Our study has some limitations. First, although several techniques were used to account for 

potential confounders, residual confounding is still possible. Second, while our study is 

larger than all previously published studies comparing etomidate and ketamine for RSI in 

trauma, our sample size did not allow for detection of small, but potentially important, 
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differences in mortality. Duration of the study period was selected based on the timing of the 

RSI protocol switch from etomidate to ketamine at the study institution. We included 

patients intubated during the two-year period before the protocol switch and the two-year 

period after the switch. This study duration was selected to balance considerations about 

sample size and practice variation over time that could confound the relationship between 

induction agent and hospital mortality. A longer study period would have resulted in a larger 

sample size but also potentially greater susceptibility to temporal variation in routine clinical 

practice administered to etomidate patients (predominantly treated in the early part of the 

study period) and ketamine patients (predominantly treated in the later part of the study 

period). Third, due to the nature of the protocol switch, our main analysis was based on non-

concurrent cohorts and is potentially susceptible to temporal changes in practice or patients. 

However, our groups were similar in measured characteristics and differences were 

accounted for analytically. Furthermore, our secondary analysis with an interrupted time 

series approach statistically adjusted for temporal trends in mortality. Fourth, we did not 

directly measure adrenal function in this study. However, it has been well established that 

induction doses of etomidate transiently impair cortisol synthesis;38–40 in the current study, 

we focused on evaluating whether ketamine was associated with an improvement in clinical 

outcomes compared to etomidate, with its known effect on adrenal function. Fifth, full 

induction doses of etomidate (~0.3 mg/kg) and ketamine (1–2 mg/kg) were administered to 

nearly all patients in this study, and we are unable to assess if lower doses may have led to 

better outcomes in hypotensive patients. Lastly, our study was conducted at a single 

academic Level I trauma center, and further evaluation in other settings is indicated.

DISCUSSION

In this study of 968 adult trauma patients intubated at one institution during a four-year 

period spanning an institutional protocol switch from etomidate to ketamine for ED RSI 

induction, use of ketamine compared with etomidate was not associated with an 

improvement in clinical outcomes, including hospital mortality, ICU-free days, ventilator-

free days, vasopressor-free days, and transfusion requirements. Subgroup analyses of the 

most severely injured patients also consistently failed to show a mortality benefit for 

ketamine compared to etomidate.

The potential association between induction agent and hospital mortality was evaluated 

using two analyses: traditional multivariable regression techniques adjusting for potential 

patient-level confounders, and a quasi-experimental interrupted times series analysis of the 

institutional protocol switch. These distinct but complementary analytical strategies led to 

similar conclusions—the use of ketamine was not associated with an improvement in 

hospital mortality compared to etomidate.

The National Emergency Airway Registry, a large multicenter surveillance group, 

demonstrated that etomidate was used in more than 90% of RSIs in the ED during the last 

decade, while ketamine was used for only 1%.41 However, the safety of etomidate has been 

repeatedly questioned due to transient adrenal dysfunction it causes following induction. 

Several small studies have suggested etomidate may be associated with poor outcomes in 

trauma patients.22–25,42 At the same time, ketamine emerged as an attractive RSI induction 
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agent due to new data showing it does not increase intracranial pressure in brain-injured 

patients,20,21 and increased experience with its use for procedural sedation. Prior published 

data on the use of ketamine for RSI induction of trauma patients are limited. The KETASED 

trial,43 in which critically ill adults undergoing RSI were randomized to etomidate or 

ketamine, included a subgroup of 104 trauma patients; there was a non-significant trend 

toward higher mortality in patients randomized to ketamine in this subgroup with trauma. 

Results of our study and the KETASED trial are similar and do not support concerns that 

etomidate-induced adrenal dysfunction is associated with worse patient-centered outcomes 

in trauma patients compared to ketamine.

Interestingly, ketamine was associated with lower odds of hospital-acquired sepsis compared 

to etomidate in our study. Although this lower prevalence of infection did not translate into 

differences in mortality or duration of ICU or ventilator use, susceptibility to infection is a 

potential concern related to etomidate-associated adrenal dysfunction that will be important 

to evaluate in future trials.25 Hospital-acquired sepsis was one of multiple secondary 

outcomes in our study, and this finding requires independent confirmation.

Ketamine was associated with fewer vasopressor-free days, that is, a longer duration of 

vasopressor use. Ketamine has indirect sympathomimetic effects by inhibiting reuptake of 

endogenous catecholamines, but also has direct myocardial depressant effects17,44 that may 

decrease ventricular contractility in critically-ill patients.19,45 It has been proposed that the 

negative inotropic effects of ketamine may outweigh the sympathomimetic effects in patients 

with depleted physiologic reserve, and potentially lead to increased mortality and longer 

duration of organ dysfunction in these patients.18,46 This finding also requires independent 

confirmation in future studies.

Due to the high volume of RSI procedures performed among trauma patients, even a small 

difference in mortality risk between induction agents could lead to substantial differences in 

survival on a population level. There is equipoise about the best RSI induction agent for 

trauma patients, and thus, randomized controlled studies powered to detect relatively small 

but clinically important mortality differences are indicated. In the meantime, results from 

this quasi-experimental study can help inform clinical practice. Clinicians using etomidate 

for RSI of trauma patients should be reassured that ketamine was not associated with an 

improvement in mortality or other patient-centered outcomes in our study.

In conclusion, this study of 968 adult trauma patients who underwent ED RSI does not 

support the hypothesis that induction with ketamine is associated with more favorable 

patient-centered outcomes than etomidate.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow diagram for generation of the study population.
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Figure 2. 
Association between induction agent received (ketamine vs etomidate) and hospital 

mortality by subgroup population.

Figure Abbreviations: TBI, traumatic brain injury; GCS, Glasgow Coma Scale; ISS, Injury 

Severity Score; SBP, systolic blood pressure (mm Hg); aOR, adjusted odds ratio; CI, 

confidence interval. a Adjusted for: age; gender; emergency department presentation heart 

rate, systolic blood pressure, and Glasgow Coma Scale score; Injury Severity Score; and 

injury mechanism
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Figure 3. 
Interrupted time series analysis. (A) Percentage of patients receiving etomidate and ketamine 

[left axis] and median Injury Severity Score (ISS) [right axis] during bimonthly intervals. 

(B) Segmented regression analysis displaying hospital mortality during bimonthly intervals. 

Each dot represents the percentage of patients intubated during specific bimonthly intervals 

who died. The dotted line represents a lowess curve fit to the data. Solid dark lines represent 

best-fit linear regression lines during the etomidate period (slope: −0.4, 95% CI: −1.8, 1.0) 

and ketamine period (slope: 0.7, 95% CI: −0.7, 2.1).
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Table 1

Patient characteristics by induction agent.

Characteristic Etomidate (n=526) Ketamine (n=442)

Demographics

 Age (years), median (IQR) 39.8 (26–57) 37.1 (26.6–53.5)

 Gender (female), n (%) 139 (26.4) 122 (27.6)

 Race (white), n (%) 392 (74.5) 324 (73.3)

 Race (black), n (%) 103 (19.6) 101 (22.9)

 Race (other), n (%) 31 (5.9) 17 (3.8)

Patient Characteristics at ED Presentation

 Glasgow Coma Scale, median (IQR) 13 (7–15) 12 (5–15)

 Systolic blood pressure (mm Hg), median (IQR) 130 (107–150) 122 (100–143)

 Diastolic blood pressure
*
 (mm Hg), median (IQR)

80 (64–90) 80 (62–90)

 Heart rate (beats/min), median (IQR) 103 (83–119) 103 (88–120)

 Respiratory rate* (breaths/min), median (IQR) 20 (16–24) 19 (16–24)

Injury Mechanisms

 Any Blunt Mechanism, n (%) 441 (83.8) 361 (81.7)

  Motor vehicle crash, n (%) 217 (41.3) 170 (38.5)

  Fall, n (%) 88 (16.7) 58 (13.1)

  Motorcycle crash, n (%) 52 (9.9) 49 (11.1)

  Pedestrian vs motor vehicle, n (%) 32 (6.1) 32 (7.2)

  Assault, n (%) 33 (6.3) 27 (6.1)

  Crush, n (%) 11 (2.1) 9 (2)

  Bicycle crash, n (%) 4 (0.8) 4 (0.9)

  Other, n (%) 4 (0.8) 12 (2.7)

 Any Penetrating Mechanism, n (%) 85 (16.2) 81 (18.3)

  Gunshot wound, n (%) 61 (11.6) 59 (13.4)

  Stab, n (%) 20 (3.8) 19 (4.3)

  Impalement, n (%) 3 (0.6) 0 (0)

  Other, n (%) 1 (0.2) 3 (0.7)

Specific Injuries

 Acute adrenal injurya, n (%) 29 (5.5) 7 (1.6)

 Traumatic brain injuryb, n (%) 178 (33.8) 134 (30.3)

Injury Severity

 Injury Severity Scorec, median (IQR) 22 (13–33) 22 (13–29)

 APACHE II score d*, median (IQR) 22 (17–27) 21 (16–26)

 Presentation SBP < 100 mm Hg, n (%) 117 (22.2) 121 (27.4)

Elixhausere summary score*, median (IQR) 5 (0.5–11) 5 (1–9)

Abbreviations: IQR, interquartile range; CPR, cardiopulmonary resuscitation; ED, emergency department; APACHE, Acute Physiology and 
Chronic Health Evaluation; SBP, systolic blood pressure
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a
Defined as focal adrenal hematoma, gross or focal adrenal hemorrhage, and/or active adrenal extravasation per attending radiologist read of initial 

computed tomography.

b
Defined as intracranial bleed (epidural, subdural, subarachnoid, intra-axial [intraparenchymal and/or intraventricular]) and/or shear/diffuse axonal 

injury per attending radiologist read of initial head computed tomography.

c
Injury Severity Score: score range is 0 to 75. Increasing score indicates greater injury severity and correlates with risk of death. A score greater 

than 15 is typically defined as major trauma.

d
APACHE II: score range is 0 to 71. A higher score correlates with higher risk of death.

e
Elixhauser summary score: comorbidity score, based on the presence of 30 comorbidities, that ranges from −19 to 89; higher score correlates with 

increased risk of hospital mortality.

*
Data not complete for all 968 patients. Patients with missing data: 109 (11.3%) for presentation diastolic blood pressure; 121 (12.5%) for 

presentation respiratory rate; 49 (5.1%) for APACHE II; 275 (28.4%) for Elixhauser summary score.
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