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Abstract

Objective—To determine the incidence and risk factors of chronic critical illness (CCI) after 

severe blunt trauma.

Design—Prospective observational cohort study (NCT01810328).

Setting—Two Level-1 trauma centers in the United States.

Patients—135 adult blunt trauma patients with hemorrhagic shock who survived beyond 48-

hours after injury.

Interventions—None

Measurements and Main Results—CCI was defined as an ICU stay lasting ≥14-days with 

evidence of persistent organ dysfunction. Three subjects (2%) died within the first seven-days, 107 

(79%) exhibited rapid recovery and 25 (19%) progressed to CCI. Patients who developed CCI 

were older (55 vs 44-years-old; p=0.01), had more severe shock (base deficit −9.2 vs −5.5, 
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p=0.005), greater organ failure severity (Denver MOF score, 3.5±2.4 vs 0.8±1.1, p<0.0001) and 

developed more infectious complications (84% vs 35%, p<0.0001). CCI patients were more likely 

to be discharged to a long-term care setting (56% vs 34%, p=0.008) than to a rehabilitation 

facility/home. At four-months, CCI patients had higher mortality (16.0% vs 1.9%; p<0.05), with 

survivors scoring lower in general health measures (p<0.005). Multivariate analysis revealed age 

≥55-years, systolic hypotension ≤70-mmHg, transfusion ≥5-units packed red blood cells within 

24-hours, and Denver MOF score at 72-hours as independent predictors of CCI (AUC 0.87, 95% 

CI [0.75, 0.95]).

Conclusions—While early mortality is low after severe trauma, CCI is a common trajectory in 

survivors and is associated with poor long-term outcomes. Advancing age, shock severity and 

persistent organ dysfunction are predictive of CCI. Early identification may facilitate targeted 

interventions to change the trajectory of this morbid phenotype.
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INTRODUCTION

Traumatic injury remains one of the most common causes of death in all age groups, and a 

significant financial burden in the United States (1, 2). Over the past two decades, clinical 

advances have significantly reduced in-hospital mortality in critically injured trauma patients 

(1, 3). Between 2003 and 2009, compliance with evidence-based standard operating 

procedures decreased 28-day mortality in a severely injured cohort from 22 to 11% (3). 

However, increasing numbers of severely injured patients that survive develop a state of 

prolonged intensive care utilization, persistent low-grade organ dysfunction, and dismal 

post-discharge outcomes (4–6). The term chronic critical illness (CCI) has been used to 

describe this subset of critically ill patients. However, the diversity of conditions that can 

culminate in CCI has impeded the development of a consensus definition. Instead, numerous 

definitions have been developed over the past two decades across multiple populations 

creating ambiguity in the existing literature (7–17)(Table S1).

Recent efforts at describing the epidemiology and burden of CCI provide some alarming 

findings. Kahn et al. estimated that 7.6% of patients admitted to the ICU develop CCI, 

accounting for more than 380,000 cases, 107,000 in-hospital deaths, and over $25 billion in 

health care expenses (5). Similarly, Iwashyna et al. demonstrated that CCI accounts for 5% 

of ICU admissions, but over 30% of ICU utilization (12). Both authors report that these 

patients are less likely to be discharged home and have higher inpatient mortality (5, 12). 

Additionally, CCI appears to disproportionately affect vulnerable elderly populations (5, 16, 

18). The aim of this study is to describe the incidence of and risk factors associated with the 

development of CCI in severely injured blunt trauma patients with hemorrhagic shock.
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MATERIALS AND METHODS

Study Design

We conducted a prospective, observational cohort study over a three-year period (October 

2013 – August 2016) at two United States Level 1-trauma centers: University of Florida 

Health Hospital, Gainesville, Florida and Harborview Medical Center, Seattle, Washington. 

The Institutional Review Board of each institution granted approval prior to study initiation. 

Key aspects of study design are listed here, with additional in-depth methodologic 

description regarding study sites, subject enrollment, outcomes definitions and biostatistical 

analysis in the expanded materials and methods section of Appendix 1. The study was 

prospectively registered with clinicaltrials.gov (NCT01810328).

Subjects were initially enrolled under a 96-hour waiver of informed consent protocol 

previously approved and implemented by both institutions for the Inflammation and Host 
Response to Injury Program (‘Trauma Glue Grant’)(3). Inclusion criteria included patients 

aged ≥18-years, confirmation of severe blunt traumatic injury with hemorrhagic shock 

(systolic blood pressure <90 mmHg or base deficit of ≥6 meq/L within 60-minutes of 

arrival). Patients expected to survive <48-hours and those with severe traumatic brain injury 

(TBI; Glasgow Coma Scale <8 and abnormal head computed tomography) were excluded. 

These inclusion criteria were consistent with the Trauma Glue Grant and were utilized to 

select for patients likely to survive their initial injuries but at significant risk for multiple 

organ failure, as previously described (19). Further explanation and justification of 

inclusion/exclusion criteria are delineated in Appendix 1. All consecutive patients meeting 

these criteria in which consent was obtained within 96 hours were enrolled.

Demographic, clinical, physiologic, and outcomes data were prospectively collected for the 

first 28-days after injury, or until ICU discharge. Patients were contacted by telephone four-

months after hospital discharge and were interviewed using the 36-Item Short Form Survey 

(SF-36). For those patients lost to post-discharge follow-up, we queried the Social Security 

Death Index and Washington State Death Registry to determine mortality at 4-months post-

discharge.

Definition of Outcomes

The incidence of CCI was the primary outcome variable. Secondary outcomes included in-

hospital and four-month mortality, multiple organ failure (MOF), time-to-recovery, 

nosocomial infections, and discharge disposition. Currently, there is no consensus definition 

for CCI. Given this ambiguity, we elected to define CCI as prolonged intensive care unit 

(ICU) admission (≥14 days) with evidence of ongoing organ dysfunction. This definition is 

based upon the Trauma Glue Grant experience that patients meeting this criteria demonstrate 

a prolonged, dysregulated genomic response to injury, persistent organ dysfunction and 

adverse outcomes (20, 21). We defined persistent organ dysfunction using the Modified 

Marshal Score criteria requiring either ≥2 in the renal (serum creatinine >1.9 mg/dl [without 

dialysis]) or pulmonary (PaO2/FiO2 ≤300) categories, or ≥1 in the cardiac category (systolic 

blood pressure <90 mm Hg, or use of vasopressors). We defined multiple organ failure 

(MOF) as a maximum Denver MOF score ≥3. ‘Time-to-recovery’ was defined as the number 
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of days after injury to resolution of organ dysfunction, without subsequent recurrence (Table 

S2). Patients with an ICU LOS <14-days without persistent organ dysfunction were 

classified as ‘rapid recovery’.

Statistical Analysis

Data are presented as means with standard deviation for continuous variables compared 

using Student t-test, while those not satisfying normality were compared using the Kruskal-

Wallis test. Categorical variables are presented as frequency and percentage and compared 

using the Pearson χ2 test or Fisher exact test. We used the log-rank test to compare Kaplan-

Meier product limit estimates of organ dysfunction recovery between CCI and rapid 

recovery groups.

For all multivariate analyses, we selected explanatory variables based on their significance in 

an a priori univariate analysis and reported associations in the literature. We report adjusted 

odds ratios (OR) with 95% confidence intervals (95% CI) for the final reduced set of 

variables selected by stepwise model selection at a significance level of 0.10. Area under the 

receiver operating curve values (AUC) and Hosmer-Lemeshow goodness-of-fit test were 

used to assess model discrimination and fit.

We compared four-month scaled scores between CCI and rapid recovery groups from the 

eight domains of SF-36 measures (physical functioning, role limitations due to physical 

health, role limitations due to emotional problems, energy/fatigue, emotional well-being, 

social functioning, pain, and general health)(22). To account for loss to follow-up at four-

months, inverse probability weighting was used, as previously described (23). Probabilities 

of loss to follow-up were estimated through logistic regression using the covariates in the 

24-hour baseline model.

All significance tests were two-sided, with p-value ≤0.05 considered statistically significant. 

All statistical analyses were performed with SAS (v.9.4, Cary, NC).

RESULTS

Study Population and CCI Cohort Characteristics

A total of 135 patients were enrolled over the course of three years; 52 patients enrolled at 

the University of Florida Health Hospital and 83 patients at Harborview Medical Center. The 

cohort was predominantly comprised of white (87%) males (68%) with a mean age of 46-

years. The majority of injuries (n=116, 86%) were motor vehicle-associated. These were 

severely injured patients with a mean (± SD) ISS of 32.1 ± 13.1 and APACHE II score of 

22.8 ± 8.3. Patients showed physiologic evidence of hemorrhagic shock, as measured by 

worst base deficit (mean, −6.3 ± 7.4 meq/L) and highest lactate (mean, 5.1 ± 4.5 mmol/L) 

within six hours of injury. Within the first 24-hours, patients were resuscitated with an 

average of 6.2 ± 12.2 units of packed red blood cells (PRBC), 3.1 ± 7.8 units of fresh frozen 

plasma (FFP), and 9,330 ± 4,530 ml of crystalloids. Seventy-six percent of the patients 

received transfusion of at least one unit of PRBC within the first 24-hours.
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Three patients who survived the first 48-hours died within seven days from injury (early 

deaths), three died after the first week but prior to 28-days, and one patient died 52-days 

after injury, for an inpatient mortality rate of 5.2%. Overall, 18.5% of the study cohort 

developed CCI. There was no difference in mechanism or severity of injury between those 

who developed CCI, and those who recovered (Table 1). Patients who developed CCI were 

older, had evidence of more severe shock and physiologic derangement, and significantly 

higher transfusion requirements (Table 1). There were no significant differences between 

CCI and rapid recovery groups with regard to sex, BMI, or number of chronic comorbidities 

(Table 1).

Clinical Outcomes of Trauma Patients with Chronic Critical Illness

Patients who developed CCI had a higher frequency and greater severity of MOF as 

measured by the Denver MOF score (Table 2). While there was no significant difference 

between groups in the rate of mechanical ventilation, CCI patients had significantly fewer 

ventilator and ICU-free days (Table 2). The trajectory of organ dysfunction recovery 

between CCI and recovery groups was markedly differed (Figure 1).

Patients who developed CCI also had a greater number of infectious and non-infectious 

complications (Table 2). There was over twice the rate of infectious complications (84% vs 

35%; p<0.0001) in those with CCI as compared to the rapid recovery group. The most 

common sources of infection were pneumonia, empyema, surgical site infections, 

Clostridium difficile colitis and urinary tract infection. Of these, pneumonia and surgical site 

infections occurred with significantly greater frequency in CCI patients (Table 2). To 

examine whether early infectious complications after injury were associated with the 

subsequent development of CCI, we examined the frequency of infections during the first 

week of hospitalization. For patients who remained hospitalized for greater than seven days 

(n=120, 89%), infections during the first seven days of hospitalization were markedly more 

frequent in patients who developed CCI (64% vs 28%, p=0.0019).

Finally, there were significant differences in the quality of discharge disposition when 

comparing those with CCI to those that exhibited recovery. Patients with CCI had 

significantly higher rates of ‘poor’ discharge disposition (skilled nursing facility [SNF], 

long-term acute care facility [LTAC] or inpatient death, Table 2). The 28-day all-cause 

mortality rate for CCI patients was 12%, while there were no deaths in the rapid recovery 

group (Table 2).

Clinical Prediction Models for CCI

Two multivariate clinical risk factor models were developed to facilitate the prediction of 

CCI based on available data at 24 and 72-hours. Age ≥55-years, severe hypotension (SBP 

≤70-mmHg), severity of multiple organ dysfunction as measured by Denver MOF score, and 

24-hour transfusion totals ≥5-units of PRBCs, were strong independent predictors of CCI 

when measured at 24-hours after injury (Table 3). The addition of ongoing organ 

dysfunction assessment at 72-hours improved the predictive ability of the model (Table 3).
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Outpatient Function and Mortality

Overall loss to outpatient follow-up was 38%. After cross-check via SSDI and Washington 

State Death Registry information, overall 4-month mortality was determined to be 6.1%, 

with significant differences between CCI and rapid recovery cohorts (16% vs 1.9%; p=0.01). 

After inverse probability weighting to correct for loss to follow-up, mean scores for eight 

domains of the SF-36 assessment are shown for CCI and rapid recovery groups, with 

reference comparison to those for a normal population (Figure 2)(22). At four months, CCI 

patients had significantly lower mean general health score (42.7 vs. 65.1, p=0.004) 

compared to rapid recovery patients. Energy/fatigue, emotional well-being, social 

functioning, physical functioning score, pain, and role limitations due to physical health or 

emotional problems were not statistically different between groups.

DISCUSSION

In this prospective, observational study, we have shown that CCI is currently a common and 

highly morbid clinical trajectory in patients who initially survive severe trauma. Nearly one-

fifth (19%) of patients who survived greater than 48-hours after severe trauma developed 

CCI. These patients had significantly higher rates of in-hospital complications, infections 

and had prolonged resource utilization. Additionally, 56% of those developing CCI either 

died prior to discharge, or had a ‘poor’ discharge disposition (SNF or LTAC), known to be 

associated with poor long-term outcomes (24).

The clinical phenotype of CCI has been described under a variety of terms including the 

“neuropathy of critical illness”, “myopathy of critical illness”, “ICU acquired weakness” and 

“post intensive care syndrome” (25–28). These reports have largely originated from medical 

ICUs describing individuals with a wide set of admission diagnoses, most commonly acute 

exacerbations of chronic diseases, who require prolonged mechanical ventilation and are 

discharged to long-term care facilities. In trauma and surgical ICUs, there is an emerging 

population of patients who are now surviving severe traumatic insults (and whose outcomes 

are not primarily driven by severe TBI), who progress into the clinical trajectory of CCI. 

Because of improvements in trauma systems, hemorrhage control, hemostatic resuscitation 

and organ support modalities, fewer severely injured patients are dying from refractory 

hemorrhagic shock or progressing to fulminant early MOF deaths. However, many of these 

survivors develop persistent, but manageable, low-grade organ dysfunction as a result of a 

dysfunctional, overly robust innate immune response (19). Evidence of this changing 

epidemiology of post-injury MOF was first noted in the early 2000’s (29). Cuschieri et al. 
later reported progressive declines in in-hospital mortality while identifying that 25% of 

their study patients remained in the ICU for >14-days with prolonged dysfunction of least 

one organ (3, 20, 21). These patients had higher in-patient mortality, a higher rate of 

complications, were less likely to be discharged home, and failed to restore immunologic 

homeostasis at the transcriptomic level when compared to those who recovered (3, 20, 21, 

30).

In this study, we also showed that the in-hospital mortality rate for severely injured trauma 

patients surviving the first 48-hours after injury has declined to approximately 5%, as 

compared to 11% for the similarly designed Trauma Glue Grant cohort. The present study 
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cannot resolve whether the further reductions in mortality were due to additional 

improvements in compliance, or refinement of evidenced-based clinical protocols. However, 

it is important to note the difference in exclusion criteria in this study, i.e. patients not 

expected to survive more than 48-hours were excluded (versus 24-hours in the Trauma Glue 
Grant). It is likely that lower mortality of the current cohort is due in part to exclusion of 

acute hemorrhagic deaths occurring in the 24 to 48-hour period.

Many conditions can lead to prolonged utilization of intensive care resources; thus, 

understanding the underlying pathophysiology of CCI is essential. We have proposed that 

many surgical ICU patients suffering from CCI experience recurrent inflammatory insults 

and exhibit a newly-described phenotype called the persistent inflammation, 

immunosuppression, and catabolism syndrome (PICS)(31). PICS provides a framework of 

mechanisms to explain the underlying pathophysiology for CCI. The fundamental theme of 

this hypothesis is that a dysregulated immune response, likely associated with expansion of 

myeloid-derived suppressor cells, dysfunctional terminal innate effector cells (dendritic cells 

in particular), persistent inflammation with concomitant suppression of the adaptive immune 

response and ongoing protein catabolism are predominant in these patients and lead to poor-

long term outcomes (6, 31–33).

The fact that CCI occurred more frequently in elderly subjects and individuals with greater 

initial physiological disturbances (APACHE II), despite a similar injury severity (ISS), 

argues that both age (or more likely physiologic frailty; not directly measured in this study) 

and the magnitude of the early dysfunctional innate immune response to injury contribute to 

complicated clinical outcomes. Thus, it is not simply the severity of injury and shock, but 

also the magnitude of aberrancy of the subsequent inflammatory response to injury, and the 

inability of the aged to recover from these changes that determine whether or not they enter 

a trajectory of CCI.

An interesting finding in this study is that the frequency of infections in the first seven days 

after trauma, as well as the frequency of non-infectious complications were significantly 

greater in CCI patients than in those that did not develop CCI. Particularly, patients that 

developed CCI had more than twice the frequency of early infections (64% vs 28%, 

p=0.0019; within seven days of admission) than those with a rapid recovery. Although a 

causal relationship between the two events cannot be inferred, this is consistent with the 

hypothesis that secondary infections or complications function as recurrent inflammatory 

insults contributing to the ongoing dysregulated immune response and persistent organ 

dysfunction.

We acknowledge several limitations of this study. First, sample sizes are modest, and larger 

studies will be required to replicate and confirm these findings across a broad range of 

trauma centers. The results presented here are from two high-volume Level 1-trauma centers 

in the United States that have had standardized clinical care protocols implemented for over 

a decade. However, we believe our results show that this study population is consistent with 

other published series from a wide range of Level 1 and Level 2-trauma centers in the United 

States describing severely injured blunt trauma patient in hemorrhagic shock (3). 

Additionally, long-term outcomes described here must be considered preliminary in nature 
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because of overall loss to follow-up rate of 38%. While we acknowledge these limitations, 

this study demonstrates prospective outpatient follow-up rates superior to almost all 

previously published series in publication in this challenging cohort of patients, which often 

exceed 50%(34, 35). Finally, our definition and epidemiologic description of CCI will need 

further validation in other critically ill populations (i.e., sepsis, pancreatitis, etc) to ensure its 

applicability and utility across broad and heterogeneous patient populations.

CONCLUSIONS

The current findings provide a benchmark of incidence and outcomes of CCI in severely 

injured, blunt trauma patients. Although our data suggests that in-hospital mortality 

continues to decline, CCI develops in a significant proportion of trauma patients who 

initially survive severe injury and hemorrhagic shock. Additionally, the incidence of 

infectious complications appears to be associated with the development of CCI. The risk of 

CCI significantly increases with age, and with the progressive aging of our population, the 

incidence of CCI will likely also increase. Finally, our results also suggest that the 

development of CCI has lasting consequences on physical function, chronic morbidity and 

post-discharge mortality. Future investigations will need to focus on the underlying 

mechanism(s) that drive the development and persistence of CCI, which we believe to be the 

persistent inflammation, immunosuppression, and catabolism syndrome (30–32).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Organ dysfunction recovery after severe trauma
Time to resolution of organ dysfunction after traumatic injury in days as defined by organ 

time to recovery (TTR) (See Table S2). Data is censored for death. Log-rank test, p<0.0001.

Mira et al. Page 11

Crit Care Med. Author manuscript; available in PMC 2018 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Summary of SF-36 scores at 4-month follow-up
SF-36 component domains: PF, physical function; RP, role limitations due to physical 

health; RE, role limitations due to emotional problems; VT, energy/fatigue; MH, emotional 

well-being; SF, social functioning domain; BP, pain; GH, general health; CCI, chronic 

critical illness. Error bars represent standard error of the mean (SEM). ★, p<0.05 comparing 

CCI and rapid recovery groups.
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Table 1

CCI and rapid recovery cohort baseline and injury characteristics*

Cohort baseline and injury characteristics at time of presentation to the Emergency Department. Early deaths 

are excluded.

Characteristics Rapid recovery (n=107)
79.3%

CCI (n=25)
18.5%

p-value

Age (mean, SD) 44±17 55±17 0.01

Male sex (n, %) 73 (68.2) 19 (76) 0.63

Race (n, %) 0.32

 White 93 (86.9) 23 (92)

  Hispanic 5 (4.7) 2 (8)

 African American 9 (8.4) 0 (0)

 American Indian 1 (0.9) 1 (4)

 Pacific Islander 1 (0.9) 0 (0)

 Asian 2 (1.9) 1 (4)

 Unknown 1 (0.9) 1 (4)

BMI (mean, SD) 28.5±6.6 29.6±6.2 0.50

Number of comorbidities (n, %) 0.41

 0 40 (37.4) 7 (28)

 1 35 (32.7) 7 (28)

 ≥2 32 (29.9) 11 (44)

APACHE II (mean, SD) 21.2±7.2 28.3±9.6 0.0002

ISS (mean, SD) 31.2±13.3 34.9±12.7 0.19

Maximum AIS score (mean, SD)

 Head 2.9±1.1 2.8±0.9 0.93

 Neck 2.8±0.5 2.7±0.6 0.79

 Thorax 3.3±0.8 3.5±0.8 0.51

 Abdomen 3.1±0.9 3.1±1.0 0.64

 Spine 2.1±0.5 2.5±0.8 0.020

 Upper Extremity 2.2±0.7 2.3±0.6 0.36

 Lower Extremity 3.5±1.1 3.3±1.0 0.32

Injury mechanism (n, %) 0.47

 Fall 10 (9.3) 1 (4)

 Motor vehicle collision 90 (84.1) 23 (92)

 Other 7(6.5) 1 (4)

Total transfusion within 24 hours (mean, SD)

 PRBC (units) 4.3±5.1 10.2±13.3 0.0004

 FFP (units) 1.9±3.1 5.2±8.9 0.020

Total crystalloid (ml) within 24 hours (mean, SD) 8768±4200 11597±5413 0.020

Worst base deficit within 6 hours (meq/L, mean, SD) −5.5±6.4 −9.2±7.5 0.005

Highest lactate within 6 hours (mmol/L, mean, SD) 5.0±5.4 5.4±2.7 0.17

Lowest ED SBP (mmHg, mean, SD) 90±27 71±28 0.010
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Characteristics Rapid recovery (n=107)
79.3%

CCI (n=25)
18.5%

p-value

Initial ED SBP (mm Hg, mean, SD) 119±35 111±25 0.11

ER systolic <90 mmHg (n, %) 19 (17.8) 3(12) 0.77

*
Early deaths are excluded (n=3).

Abbreviations: SD, standard deviation; APACHE, acute physiology and chronic health evaluation score; ISS, injury severity score; PRBC, packed 
red blood cells; FFP, fresh frozen plasma; SBP, systolic blood pressure; ED, emergency department.
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Table 2

CCI and rapid recovery outcomes, complications and disposition*

Cohort in-patient outcomes and complications and final disposition at discharge from index hospitalization. 

Early deaths are excluded

Outcomes Rapid recovery (n=107)
79.3%

CCI (n=25)
18.5%

p-value

Mechanically ventilated (n, %) 89 (83.2) 24 (96) 0.24

Ventilator-free days (28-day) 24.3±3.8 9.6±7.9 <0.0001

MOF (n, %) 7 (6.5) 11 (44) <0.0001

Max. Denver MOF score (mean, SD) 0.8±1.1 3.5±2.4 <0.0001

Time to recovery† (days, mean, SD) 9.6±9.3 23.6±6.1 <0.0001

Noninfectious complications (n, %) 21 (19.6) 15 (60) 0.0001

Infectious complications (n, %) 37 (34.6) 21 (84) <0.000 1

Infection source (n, %)

 Pneumonia 17 (15.9) 12 (48) 0.0012

 Surgical site infections 9 (8.4) 8 (32) 0.0006

 Pseudomembranous colitis 10 (9.4) 4 (16) 0.30

 UTI 7 (6.5) 4 (16) 0.22

 Blood stream infection 1 (0.9) 2 (8) 0.09

 Empyema 0 (0) 1 (4) 0.19

 Other 1 (0.9) 4 (16)

Time to 1st nosocomial infection (days, mean, SD) 6.9±5.6 5.9±2.9 0.94

# of nosocomial infections per patient (mean, SD) 0.36±0.59 1.20±1.44 <0.0001

Number of nosocomial infections per patient (n, %) 0.0002

 0 75 (70.1) 8 (32)

 1 26 (24.3) 9 (36)

 ≥2 6 (5.6) 8 (32)

Length of stay (mean, SD)

Hospital days 21.1±28.0 41.2±27.8 <0.0001

 ICU days 7.5±4.9 26.5±10.2 <0.0001

 ICU-free days (28-day) 20.5±4.9 3.4±3.9 <0.0001

28 day-mortality (n, %) 0 (0) 3 (12) 0.01

Discharge disposition (n, %) 0.0011

 ”Good” Disposition 71 (66.4) 11 (44) 0.0078

  Inpatient rehabilitation facility 19 (17.8) 5 (20)

  Home with services 16 (15) 3 (12)

  Home 36 (33.6) 3 (12)

 ”Poor” Disposition 36 (33.6) 14 (56) 0.0078

  SNF 34 (31.8) 7 (28)

  LTAC 2 (1.9) 3 (12)

  Death (in-hospital) 0 (0) 4 (16)

*
Early deaths are excluded (n=3).
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Abbreviations: SD, standard deviation; MOF, multiple organ failure, Denver MOF score ≥3; UTI, urinary tract infection; SNF, skilled nursing 
facility; LTAC, long-term acute care facility.

†
Time to recovery is defined as time to organ dysfunction recovery, in days after injury, see Table S2.
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Table 3
Multivariate clinical prediction models for CCI

Multivariate clinical prediction models revealed that age ≥ 55 years, systolic hypotension ≤ 70 mmHg, 

transfusion ≥ 5 units PRBC within 24-hours, and Denver MOF score at 72-hours as independent predictors of 

CCI.

Model O.R. 95% C.I.

Baseline (24-hour) model†

 Age ≥55 3.7 (1.3, 10.9)

 Lowest admission systolic blood pressure ≤ 70 mmHg 4.0 (1.3, 11.6)

 PRBC administrated within 24 hours ≥ 5 unit 5.3 (1.7, 16.5)

 Denver MOF score at 24 hours 2.9 (1.5, 5.5)

Post resuscitation (72-hour) model††

 Age ≥55 3.5 (1.2, 10.4)

 Lowest admission systolic blood pressure ≤ 70 mmHg 3.0 (1.0, 9.4)

 PRBC administered within 24 hours ≥ 5 units 3.2 (1.0, 9.7)

 Denver MOF score at 72 hours 3.0 (1.7, 5.2)

Abbreviations: O.R. = odds ratio; C.I. = confidence interval; PRBC = Packed red blood cells (unit; 300cc) transfusion administered within the fırst 
24 hours; MOF, multiple organ failure.

†
Area under receiver operator curve = 0.84 (0.75, 0.93)

††
Area under receiver operator curve = 0.87 (0.79, 0.95)
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