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Introduction

The classic teaching by Trunkey and colleagues from the late 1970s of a ‘trimodal’ 

distribution of death after trauma reflected deaths at the scene, followed by deaths in the 

emergency department (ED) immediately after trauma, and finally late deaths during the 

index hospitalization.[1] This distribution pattern has come into question in recent years. 

Since the 1966 Institute of Medicine report stating that unintended injury was the neglected 

disease of modern society,[2] the evolution of trauma systems and advances in imaging, 

minimally invasive procedures, and critical care have dramatically changed patterns of 

trauma mortality.[3–5] As more patients survive both initial injury and index hospitalization, 

there appears to be a ‘quadrimodal’ distribution of death after trauma, wherein there are 

deaths at the scene (peak 1), early deaths after arrival to the trauma center (peak 2), late 

inpatient deaths during index hospitalization (peak 3), and deaths after discharge (peak 4). 

Mullin and colleagues found that including 30-day post-discharge mortality for trauma 

patients increased the rate of injury-related deaths from 12.1 per 10,000 injured patients to 

14.1 per 10,000 in their cohort of 90,048 injured patients treated in the early 1990s.[6] More 

recently, Davidson and colleagues reported that hospital mortality for trauma patients in 

Washington State decreased from 8.0% to 4.9% between 1995 and 2008, while long-term 

mortality increased from 4.7% to 7.4%.[7]
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Meanwhile, aggressive care for patients who may be approaching the end of life has also 

come into question, both from the perspective of increased human suffering and in terms of 

costs to the healthcare system.[8, 9] When considering deaths that occur during 

hospitalization with those that occur after discharge, an estimated 540,000 Americans die 

after intensive care unit (ICU) admission each year.[10] Furthermore, 28% of total 

healthcare expenditures occur in the last year of life.[11] Unrealistic family expectations, 

provider difficulty in communication, and an overall culture of critical care have been 

implicated in overly aggressive care.[12–14] Thus, it is important to understand both patient 

and process factors associated with death after critical illness, in particular when death 

occurs soon after discharge, in which case the utility of the aggressiveness of care would 

come into question.

Several recent studies have addressed predictors of post-discharge mortality for non-

traumatic causes of critical illness. These factors include age, comorbidities, early sedation 

requirements, development of delirium, need for mechanical ventilation, and severity of 

illness.[15–21] In these studies, reported post-discharge mortality after critical illness has 

been reported to be as high as 17% at 30 days, 26% at 180 days, 30% at 6 months, and 35% 

at 1 year.[15–18, 21] Furthermore, among patients requiring prolonged mechanical 

ventilation, 1-year mortality has been reported to be 66%.[19] Less is known about critical 

care resource utilization and long-term mortality in the trauma population. A 2010 study by 

Brattstrom and colleagues reported a 30-day mortality rate of 10.4% for critically injured 

patients.[20] Importantly, the effect of critical care resource utilization on long-term 

mortality after critical injury is unknown.

We reviewed our experience with critically ill trauma patients to determine which factors 

predict the fourth peak of the quadrimodal distribution of trauma mortality. We were 

specifically interested in which aspects of critical care resource utilization predicted long-

term death as such predictors might warrant more realistic discussions of goals of care 

among a patient population for whom survival to discharge does not yield long term 

survival. We hypothesized that greater critical care resource utilization (i.e. longer ICU 

length of stay [LOS], tracheostomy, gastrostomy, hemodialysis, and cardiopulmonary 

resuscitation [CPR]) among survivors of the index hospitalization was predictive of post-

discharge mortality.

Methods

This was a retrospective analysis of trauma registry data collected prospectively for all 

patients treated at an American College of Surgeons verified Level I trauma center in 

Central Massachusetts. After study approval by the institution review board, we identified 

all critically injured adult patients (age ≥ 18 years) enrolled in the registry from January 1, 

2000 to December 31, 2010. Critical injury was indicated by an Injury Severity Score (ISS) 

≥25 AND at least 1 of the following: death in the ED, death within 24 hours of admission to 

the ICU, or ICU admission exceeding 24 hours. We excluded patients who were discharged 

alive or transferred to the floor within 24 hours of admission as they would not have met 

clinical criteria for severe injury and/or critical illness or because an early withdrawal of 

care order might have influenced their outcome. Pregnant patients were also excluded as 
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critical care considerations for a viable pregnancy may have influenced outcomes. Variables 

available for analysis had been prospectively entered into the trauma registry during the 

patients’ index hospitalization and included patient characteristics, prehospital variables, 

comorbidities, mechanism of injury, diagnosis, ISS, abbreviated injury scale (AIS), revised 

trauma score (RTS), interventions, and outcomes (i.e. total hospital LOS, ICU LOS, 

complications, hospital mortality, and discharge disposition).

A database was created of patients meeting the inclusion criteria during the study period 

whose date of death (either in the ED or in the ICU) was not within 24 hours of presentation. 

A single researcher (C.J.W.) blinded to hospitalization data then used the Social Security 

Death Index (SSDI) to identify dates of death for all patients in the database as of May 1, 

2012. To measure the reliability of the SSDI for our patient population, the recorded dates of 

death in the registry of patients who died during the index hospitalization but after the first 

24 hours were compared with those reported on the SSDI; we found 83.5% (192/230) 

agreement; the 16.5% disagreement may have been due to the fact that our patient identifiers 

included only name and date of birth (no social security number) and that most of our 

patient identification data is not confirmed by the patient at the time of admission due to 

severity of illness. The fidelity of the SSDI has been shown to be as high as 90% in studies 

with patient provided identifiers.[22–25] Furthermore, we could not correct potential errors 

in legal name documentation and dates of birth or undocumented status of patients who died. 

Thus, we were potentially under-estimating post-discharge mortality in our study 

population.

Means, standard deviations (SDs), medians and interquartile ranges (IQRs) were determined 

for continuous variables. Counts and percentages were determined for categorical variables. 

For continuous variables, differences in mean outcomes were compared using the Wilcoxon 

rank sum test and ANOVA, which yielded the same results. For dichotomous variables and 

comparisons between groups, Wald χ2 tests of association or Fisher’s exact tests were used. 

In addition to univariate comparisons, multivariable analysis was performed using Cox 

regression to determine hazards ratios (HRs) with 95% confidence intervals (CIs) for 

mortality across patient groups. Covariates for the model were chosen based on p-values 

<0.5 in the univariate analysis and clinical significance. In addition, models were also 

adjusted for injury severity score and revised trauma score. In the model for mortality, the 

LOS covariates were entered as continuous variables or dichotomized as above or below the 

median if maintained in the model. Covariates with p-values for Wald statistics <0.05 were 

considered significant predictors of mortality. All analyses were performed using SAS 9.2 

(SAS Institute Inc., Cary, NC).

Results

Identifying Index Survivors

Of 21,550 patients entered in the trauma registry between January 1, 2000 and December 31, 

2010, 1,695 met our inclusion criteria for critical injury because they had an ISS ≥25 and 

died in the ED (n = 102, 6.0%), died within 24 hours of ICU admission (n = 229, 13.5%), or 

survived ≥24 hours with an ICU stay of >1 day (n = 1,364, 80.5%). Figure 1 demonstrates 

how our patient population relates to a conceptual model quadrimodal distribution of 
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mortality after injury; 1,135 of our cohort of 1,695 critically injured, non-pregnant, adult 

trauma patients (67.0%) survived to discharge. Appendix 1 compares characteristics and 

outcomes of patients who were characterized as early hospital deaths (died in the ED or 

within 24 hours of ICU admission), as deaths during index hospitalization (died after 

surviving the first 24 hours of ICU admission but before hospital discharge), and as index 

survivors (survived the index hospitalization).

Figure 2 shows the distribution of post-discharge deaths by year of follow-up. Of the 158 

index survivors who died during follow-up, 24 (15.2%) were deceased by 30 days, 31 

(19.6%) by 60 days, and 40 (25.3%) by 90 days. Seventy-five (47.5%) patients died within 

the first year after discharge. As of May 1, 2012, 977/1,135 (86.0%) patients were still alive, 

with a median follow-up of 62 (IQR 35, 96) months. Thus, total overall mortality of our 

critically injured cohort both during and after index hospitalization was 42.4% 

((331+229+158)/1,695).

The remaining analyses and results compare index survivors who died or survived during 

our follow-up period.

Patient Characteristics

As shown in Table 1, index survivors who died during follow-up, compared with those who 

were still alive as of May 1, 2012, were more likely to be Caucasian, older at the time of 

initial injury, injured due to blunt trauma, having a head/neck, extremity, or external AIS >3. 

However, among index survivors, sex, method of transport at the time of injury, RTS, 

having a facial, chest, or abdomen AIS >3 were not associated with death during follow-up.

Resource Utilization

Resource utilization among patients who survived the index hospitalization is shown in 

Table 2. Patients who died after discharge had longer index hospitalization and ICU LOS 

and were more likely to have received both tracheostomies and gastrostomies during the 

index hospitalization than those who survived through the end of follow-up. However, there 

were no differences between these two groups in terms of days on mechanical ventilation 

and receipt of hemodialysis. In our original cohort, 76 patients received CPR during the 

index hospitalization. Since nearly half of these patients (49%, 37/76) died during the index 

hospitalization, only 3.4% of index survivors had undergone CPR. However, receipt of CPR 

was associated with mortality during the follow-up period (6.3% among those who died vs. 

3.0% among those alive at end of follow-up, p = 0.03).

Discharge Disposition

Table 3 shows patient discharge disposition. Patients who died during follow-up were more 

likely to be discharged to a rehabilitation or skilled nursing facility than those who were 

alive at the end of our follow-up period.

Predictors of mortality

In multivariable analyses, age, sex, and ICU LOS were predictors of 1-year mortality after 

discharge for critical injury (Table 4). Age (for every 10-year increase at the time of injury), 
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male sex, and ICU LOS >16 each conferred a nearly two-fold increased risk of death at 1 

year. In models with ICU LOS included as a continuous variable, for each additional day in 

the ICU, there was a 1.8% increased risk of death within 1 year.

For overall mortality during follow-up, multivariable analyses again demonstrated that age, 

sex, and ICU LOS were all significant predictors of mortality (Table 4). Each 10-year 

increment in age at the time of injury increased the risk of death about two-fold. Men had 

about 40% increased risk of death compared with women. The risk of death was more than 

double for patients whose ICU LOS was >16 days compared to those with shorter ICU 

stays. When ICU LOS was included in the model as a continuous variable, for each 

additional day in the ICU there was a 2% increased risk of death within 10 years; 52.5% of 

patients with an initial ICU stay >16 days were dead by May 1, 2012.

Overall hospital LOS, receipt of tracheostomy, receipt of gastrostomy, and CPR were tested 

in our multivariable models and were not found to be associated with mortality when 

adjusting for other significant covariates.

Figure 3 shows Kaplan–Meier survival curves by ICU stay greater or less than 16 days. For 

both 1-year and overall mortality among index survivors, ISS, mechanism of injury, race, 

hospital LOS, resource utilization, and discharge disposition did not affect the risk of death 

in multivariable models.

Discussion

In this study we examined mortality patterns among critically injured patients who are at 

highest risk for trauma-related mortality to better understand changing patterns of death after 

injury. While we did not measure deaths in the field (i.e. before hospital arrival), during 

follow-up we demonstrated an overall mortality of 42% among critically injured, non-

pregnant, adult trauma patients who survived transport at the time of injury.

The classic teaching of a trimodal distribution of death after trauma reflected deaths at the 

scene, deaths in the ED after trauma, and late deaths during the index hospitalization.[1] In 

the present study, 21% of patients died immediately in the ED or within 24 hours of ICU 

admission in what would be considered the second peak of trauma mortality in the trimodal 

distribution. Fourteen percent of patients survived the first 24 hours in the ICU but died 

during the index hospitalization, in what would be considered the third and final peak in the 

trimodal distribution. These findings are consistent with other data showing that nearly 20% 

of trauma patients requiring ICU admission die before discharge.[13] Importantly, of the 

67% of patients who survived the index hospitalization, 14% died within a follow-up of up 

to 10 years, with nearly half of these deaths occurring in the first year after discharge, which 

we propose as the ‘fourth peak’ of death in what might be best described a the “quadrimodal 

distribution of trauma mortality.”

Recent studies have also questioned the teaching of three peaks of trauma-related mortality. 

However, these studies have suggested fewer or diminishing peaks rather than more peaks.

[1, 26–29] Two studies from outside of the US have reported a single early peak: either on-

scene (81% in New Zealand cohort) or during the first day after injury (47% in a 
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Netherlands cohort), followed by a gradual decline in hospital mortality.[27, 29] Our study 

did not focus on prehospital deaths, and our rate of early hospital deaths—even though 

limited to the most severely injured—was considerably lower than in these non-US studies. 

However, studies from mature US trauma systems in urban settings have suggested three 

peaks persist albeit with a marked decline in the proportion of late deaths comprising the 

third peak (7.6% late deaths in a Los Angeles cohort; 10% late deaths in a Dallas cohort).

[26, 28] Given our cohort of the most severely injured patients, it is not surprising that our 

third peak was somewhat higher. Review of this literature and our results suggests that, 

while few advances have been made in reducing immediate or near-immediate death after 

trauma, advances in management of non-immediately life-threatening injuries, 

improvements in resuscitation, and innovations in critical care have resulted in improved 

survival to hospital discharge among those who survive the first 24 hours after injury.

Still, survival to discharge has been criticized as a marker for performance evaluation in 

trauma. A number of studies have reported post-discharge mortality ranging from 5% to 

15% depending on length of follow-up, with most deaths occurring within 1 year of 

discharge as was also demonstrated by our data.[7, 30–32] Thus, while we are not the first to 

note a fourth peak of post-injury death, in particular when focusing on the critically injured, 

to our knowledge we are the first to use the term “quadrimodal” to describe this 

phenomenon, wherein there is a ‘fourth peak’ of death in the first year after discharge. 

However, these studies have likely underestimated the magnitude of the fourth peak due to 

their focus on all injured patients. Therefore, we limited our study to only the most critically 

injured patients who survived to discharge, of whom 14% were dead by the close of our 

study period. Given the financial and human costs of critical injury and prolonged ICU stays 

it is important to understand the factors that may drive up resource utilization or increase 

human suffering after critical injury, in particular when the risk of death within 1 year 

remains considerable.

The 1-year overall mortality after ED arrival of our entire cohort was 39%. Since we 

examined only critically injured patients, it is not surprising that our cohort’s 1-year 

mortality exceeds that of Brattstrom’s Swedish cohort (9.3%), Laupland’s Canadian cohort 

(14%), Claridge’s Cleveland, OH cohort (5.4%) and Davidson’s Washington State cohort 

(7.2%).[7, 20, 31, 33] Studies of mixed groups of critically ill patients have found 1-year 

mortality rates as high as 56%.[15, 17, 21, 34] Our slightly lower mortality rate is likely 

explained by the fact that injured patients generally have fewer comorbidities and are 

younger than mixed patient populations; both age and comorbidities have been linked to 

higher mortality in both trauma and mixed patient populations.[15, 20, 21, 33, 35, 36] 

Unfortunately, our registry lacked detailed comorbidity data, but we did find that age was a 

significant predictor of both 1-year mortality and total mortality by the end of our follow-up. 

However, a study from Brattstrom’s group examining only critically injured patients found 

an overall 30-day mortality rate that was also markedly lower than ours (10.4% vs. 36.1%, 

respectively).[35] This difference may be attributable to differences in categorizing critical 

injury as the Brattstrom study did not use ISS as a selection criterion.

Most trauma fatalities that survive transport to a trauma center will die in the trauma bay or 

in the operating room; however, 20–30% of these deaths ultimately occur after a lengthy 
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ICU stay.[37] We found that ICU stays exceeding 16 days were associated with greater 

likelihood of mortality during the follow-up period. Prognostication in critical illness is 

imprecise,[12, 38, 39] but ICU LOS has been implicated as a prognostic factor in a number 

of studies. In a study of patients admitted to a multidisciplinary ICU, Laupland and 

colleagues found 1-year mortality rates of 3% for ICU LOS <3 days, 10% for ICU LOS 3–

13 days, and 8% in with ICU LOS ≥14 days.[40] In our cohort, we found that the inflection 

point for mortality occurred for patients who spent >16 days in the ICU during their index 

hospitalization, which was the median in our cohort, rather than 14 days. More than 50% of 

these patients were dead during the follow-up period.

Given that patients with prolonged ICU stays consume disproportionate amounts of hospital 

resources,[41, 42] the association between prolonged stays and long-term mortality is 

concerning. Stricker and colleagues found that more than half of the resources and costs of 

ICU care are spent on the 10% of patients whose ICU LOS is >7 days, while mortality for 

that group was twice as high as those with shorter stays.[42] While our study lacked specific 

data on costs and charges, we did find that receipt of tracheostomy and gastrostomy was 

associated with higher likelihood of death during the follow-up period. These interventions, 

though not found to be significant independent predictors of mortality in our cohort, appear 

to be markers for resource utilization that are more common among injured patients with 

prolonged ICU stays.

Ultimately, while resource utilization may be higher in patients with longer ICU stays, the 

investment of these resources would be expected to be worthwhile if the result was desirable 

for patients. In our study, patients who died during follow-up were substantially more likely 

to be discharged to a rehabilitation or skilled nursing facility than to home. While we lack 

data on functional status or quality of life at the time of death, those with the greatest 

limitations at time of discharge from the index hospitalization might be more vulnerable to 

poor outcomes. These late outcomes may range from dead (which we measured in this 

study), to alive but ventilator and feeding-tube dependent, to alive with functional 

limitations, to full return to baseline activities; a number of metrics have been created to 

measure these outcomes (e.g. Focus On Therapeutic Outcomes, Inc. (FOTO®); Short Form 

36 Health Survey Update, SF-36®, Glasgow Outcomes Score). Unfortunately, what 

constitutes a desirable outcome for the patient in question is unclear. Evidence from the 

SUPPORT trial of medical patients suggests a disconnect between patient desires and those 

expressed by their proxies regarding goals for functional status and cognition after 

discharge.[43] Unfortunately, nearly two decades later, a substantial barrier to allocating 

resource utilization after critical injury remains a lack of clarity on patient health values 

when they cannot speak for themselves.[44] While withdrawal of care orders appears to be 

playing a greater role in mortality during the index hospitalization, accounting for as many 

as 62% of hospital deaths,[45] it is unclear what role expectations for quality and longevity 

of life after discharge should play in guiding the aggressiveness of care for critically injured 

trauma patients.

Our results suggest, however, that critically injured patients who are at risk of comprising 

the fourth peak for trauma mortality—those who have a long ICU stay and may require 

invasive procedures to sustain life, or who are discharged to another facility instead of home 
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after the index hospitalization—may benefit from more discussion during the index 

hospitalization on their overall expectations for quality and longevity of life even though 

they are expected to survive the index hospitalization. Perhaps some critically injured 

trauma patients would benefit more from discharge to hospice with palliative goals rather 

than goals to sustain life indefinitely. Mosenthal and colleagues described a method of 

structured communication that reduced ICU LOS without affecting overall mortality by 

improving processes of end-of-life care discussions.[13] Their method may in fact improve 

what is currently a seemingly haphazard way of applying goals of care issues into the 

management of critically injured patients.[46, 47] It is possible that such a method might be 

tailored to address the goals of care of patients with prolonged critical illness after injury. 

Critically injured trauma patients may also benefit from palliative care consultation during 

the period of initial critical illness as is more commonly advocated across the critically ill 

patient population.[48, 49]

There are a number of important limitations to this study. First, it is a retrospective analysis 

of critically injured adult trauma patients at a single Level-I trauma center. Our results may 

not be generalizable to persons admitted to medical or pediatric ICU’s or at centers in 

different locations. Our primary outcome of interest was death after index hospitalization. 

Our registry lacked data on comorbidities, thus the only risk adjustment in our model was 

injury severity and revised trauma score. Outcomes are influenced by complications 

occurring during index hospitalization and our database did not record complications. We 

relied on the SSDI for death dates but the reliability of that resource is not 100%, in 

particular for patients who may lack legal residence or whose names and/or dates of birth 

may have been misentered into our system at the time of treatment. While the rate of these 

types of errors is unknown, most of our cohort would not have been able to provide 

verification at the time of intake due to the severity of injury. This lack of confirmation of 

death via the SSDI may have resulted in an under representation of long-term mortality in 

our cohort, biasing our results towards the null. We also do not know the ultimate cause of 

death that may or may not have been related to the effects of the original trauma. Finally, 

and perhaps most importantly, our data do not include any information on the quality of life 

of patients who survived index hospitalization after critical injury. This information, in 

addition to prediction of chances of mortality, would be key to overall goals of care 

discussions after devastating injury.

Despite these limitations, our findings may aid trauma surgeons and intensivists in framing 

overall expectations for critically injured patients, in particular those who have long ICU 

courses, who may fall into the quadrimodal distribution of trauma mortality. The burden of 

prolonged critical illness on patients and the healthcare system presents major challenges. 

With critical care advances, more patients are surviving the index hospitalization, hence 

creating the fourth peak of trauma mortality. The true meaning at the individual and societal 

level of ‘discharged alive’ merit both qualitative and quantitative studies on prognostication, 

post-discharge quality of life, and optimization of long-term outcomes. Meanwhile, it is 

important to approach the care of critically injured with an understanding that survival to 

discharge is a complex outcome without guarantee of long-term survival.
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Figure 1. 
Mortality among critically injured* non-pregnant adult (age ≥18 years) trauma patients 

(2000–2010) shown relative to conceptual model of a quadrimodal distribution of death after 

injury.

* Injury Severity Score ≥25.

† Study follow-up closed on May 1, 2011 for a median follow-up of 62 (IQR 35, 96) 

months.

‡ We propose that these patients are those for whom critical injury is a terminal disease.
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Figure 2. 
Distribution of deaths by decade for critically injured adult trauma patients (2000–2010) 

who survived index hospitalization (n = 158).
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Figure 3. 
Kaplan–Meier survival curves for critically injured adult trauma patients (2000–2010) who 

survived index hospitalization, by ICU stay ≤16 vs. >16 days (n = 1,135).
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Table 1

Demographics and injury characteristics of critically injured adult trauma patients (2000–2010) who survived 

index hospitalization (n = 1,135)

Survived follow-up* Died after discharge p Value†

n = 977 n = 158

Age, years, median (interquartile range) 40 (25, 54) 70 (52, 79) <0.0001

Female (%) 28 33 0.20

Race (%) 0.02

 Caucasian 88 94

 African–American 3.4 0.0

 Hispanic 6.3 3.2

 Other 2.0 2.5

Mechanism of injury (%) 0.02

 Blunt 96 99

 Penetrating 4.2 0.6

Transport method (%) 0.82

 Air 42 41

 Ground 57 59

 Patient 0.4 0.0

Unknown – –

RTS (%) 0.39

 0–2 0.3 0.0

 >2–4 18 19

 >4–6 16 11

 >6–7 8.5 6.5

 >7 58 63

GCS on admission (%) 0.73

 3 18 17

 4–8 14 12

 9–12 9.1 7.7

 13–14 13 16

 15 46 47

ISS (%) 0.49

 25–44 86 90

 45–64 13 9.5

 >64 1.1 0.6

Head/Neck AIS >3 (%) 57 73 0.0002

Face AIS >3 (%) 1.9 2.0 0.95

Chest AIS >3 (%) 80 80 0.98

Abdomen AIS >3 (%) 39 31 0.21

Extremity AIS >3 (%) 6.0 3.4 0.01
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Survived follow-up* Died after discharge p Value†

n = 977 n = 158

External AIS >3 (%) 29 19 0.01

*
Median follow-up 62 (34.5, 95.5) months.

†
Wilcoxon Rank Sum test for comparison of means and Wald χ2 test of association for comparison of proportions (Fisher’s exact test where 

expected cell size <5).

GCS, Glasgow Coma Score; ISS, Injury Severity Score; AIS, Abbreviated Injury Scale; RTS: Revised Trauma Score

J Crit Care. Author manuscript; available in PMC 2016 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Santry et al. Page 17

Table 2

Resource utilization during index hospitalization for critically injured adult trauma patients (2000–2010) who 

survived index hospitalization (n = 1,135)

Survived follow-up* Died after discharge

n = 977 n = 158 p Value†

Overall hospital length of stay (median days, IQR) 17 (10, 27) 24 (13, 38) <0.001

ICU length of stay (median days, IQR) 8 (4, 19) 17 (6, 29) <0.0001

Duration of mechanical ventilation (median days, IQR) 2 (0, 10) 3 (0, 15) 0.87

Tracheostomy (%) 16 36 <0.0001

Gastrostromy (%) 16 39 <0.0001

Hemodialysis (%) 1.0 0.0 0.37

Cardiopulmonary resuscitation (%) 3.0 6.3 0.03

*
Median follow-up 62 (34.5, 95.5) months.

†
Wilcoxon Rank Sum test for comparison of means and Kruskal–Wallis for comparison of medians and Wald χ2 test of association for comparison 

of proportions (Fisher’s exact test where cell size <5).

ICU, intensive care unit.
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Table 3

Discharge disposition of critically injured adult trauma patients (2000–2010) who survived index 

hospitalization (n = 833*)

Discharge disposition Survived follow-up† Died after discharge

n = 726 n = 107 p Value‡

Home (%) 20 7.5 0.001

Home with services (%) 8.7 3.7 0.09

Rehabilitation (%) 63 76 0.01

Skilled Nursing (%) 5.8 13 0.01

Other (%) 2.6 0.0 0.16

*
144 patients did not have discharge disposition recorded.

†
Median follow-up 62 (34.5, 95.5) months.

‡
Fisher’s exact test of association for comparison of proportions across each possible discharge dispositions; overall p Value < 0.0001.
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Table 4

Predictors of post-discharge mortality for critically injured adult trauma patients (2000–2010) who survived 

index hospitalization (n = 1,119)

Variable HR (95% CI)

1-year mortality*

 ICU LOS >16 days (vs. ≤16 days) 1.66 (1.01, 2.73)

 Age per 10-year increase 2.28 (1.93, 2.69)

 Male sex (vs. female sex) 2.45 (1.44, 4.19)

Overall mortality (by May 2012)†

 ICU LOS >16 days (vs. ≤16 days) 2.22 (1.58, 3.12)

 Age per 10-year increase 2.06 (1.85, 2.29)

 Male sex (vs. female sex) 1.78 (1.24, 2.55)

*
Cox proportional hazard model adjusted for age, sex, and injury severity score, revised trauma score and ICU LOS category.

†
Cox proportional hazard model adjusted for age, sex, ICU LOS category, injury severity score, and revised trauma score

CI, confidence intervals; GCS, Glasgow Coma Score; HR, hazard ratios; ICU, intensive care unit; LOS, length of stay; RTS, revised trauma score.
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Appendix 1

Demographics and injury characteristics of critically injured adult trauma patients (2000–2010) (n = 1,695)

Early deaths*
Deaths after 

surviving first 
24 h

Survived index hospitalization Significant pairwise comparisons†

(1)
n = 331

(2)
n = 229

(3)
n = 1,135

Age, median (y) 50 (31, 72) 60 (44, 80) 43 (27, 59) (1) vs. (2), (2) vs. (3)

Female (%) 32 33 29

Race (%)

 White 89 92 89

 African American 2.1 1.8 2.9

 Hispanic 6.4 5.7 5.8

 Other 3.0 0.4 2.0

Mechanism of injury (%) (1) vs. (2)

 Blunt 91 97 96

 Penetrating 9.4 2.6 3.7

Transport method (%)

 Air 37 42 42

 Ground 63 58 58

 Patient 0.0 0.0 0.4

 Unknown – – –

Revised trauma score (1) vs. (2), (2) vs. (3)

 0–2 32 0.4 0.3

 >2–4 40 36 18

 >4–6 13 19 15

 >6–7 4.0 7.4 8.2

 >7 11 37 58

Injury severity score (1) vs. (2), (2) vs. (3)

 25–44 (%) 65 77 86

 45–64 (%) 21 18 13

 >64 14 5.2 1.1

Days on mechanical 
ventilation (median days, 
IQR)

1 (1, 1) 4.5 (2, 8) 2 (0, 11) (1) vs. (2)

ICU LOS (median days, IQR) 1 (0, 1) 6 (3, 11) 9 (4, 20) (1) vs. (2), (2) vs. (3)

Interventions

 Tracheostomy (%) 1.5 7.4 18 (1) vs. (2), (2) vs. (3)

 Gastrostromy (%) 0.0 4.8 19 (1) vs. (2), (2) vs. (3)

 Hemodialysis (%) 0.3 4.4 0.9 (1) vs. (2), (2) vs. (3)

 CPR (%) 55 16 3.4 (1) vs. (2), (2) vs. (3)

Data are mean (standard deviation) or median (interquartile range).
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*
Early deaths include death in emergency room and deaths within 24 hours of ICU admission.

†
Significant p values (<0.05/2 = 0.025) only shown where (1) vs. (2) and (2) vs. (3)
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