
1Tignanelli CJ, et al. Trauma Surg Acute Care Open 2019;4:e000249. doi:10.1136/tsaco-2018-000249

Open access 

Nationwide cohort study of independent risk factors 
for acute respiratory distress syndrome after trauma
Christopher J Tignanelli,1,2 Mark R Hemmila,3 Mary A M Rogers,4 
Krishnan Raghavendran3

To cite: Tignanelli CJ, 
Hemmila MR, Rogers MAM, 
et al. Trauma Surg Acute Care 
Open 2019;4:e000249.

1Department of Surgery, 
University of Minnesota, 
Minneapolis, Minnesota, USA
2Institute for Health Informatics, 
University of Minnesota, 
Minneapolis, Minnesota, USA
3Department of Surgery, 
University of Michigan, Ann 
Arbor, Michigan, USA
4Department of Internal 
Medicine, University of 
Michigan, Ann Arbor, Michigan, 
USA

Correspondence to
Dr Christopher J Tignanelli, 
Department of Surgery, 
University of Minnesota, 
Minneapolis, MN 55455, USA;  
ctignane@ umn. edu

This article was accepted 
for oral presentation in the 
Scientific Form program at the 
American College of Surgeons 
Clinical Congress, October 
2018 meeting in Boston, 
Massachusetts.

Received 3 October 2018
Revised 11 December 2018
Accepted 24 December 2018

Original article

© Author(s) (or their 
employer(s)) 2019. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published 
by BMJ.

AbsTrACT
background The primary objective of this study was to 
evaluate the effect of specific direct and indirect factors 
that accounted, in trauma patients, for the development 
of acute respiratory distress syndrome (ARDS) and 
mortality in patients with ARDS.
Methods We performed a retrospective cohort study of 
patients from the National Trauma Data Bank. Multilevel 
mixed-effects logistic regression was used with the 
development of ARDS as the primary and mortality 
in patients with ARDS as the secondary outcome 
measures. We compared trauma patients with versus 
without thoracic (direct) and extrathoracic (indirect) risk 
factors, using patient demographics, physiologic, and 
anatomic injury severity as covariates. Subset analysis 
was performed for patients with trauma-induced lung 
contusion (TILC) and for patients with minor (Injury 
Severity Score [ISS] ≤15) injury.
results A total of 2 998 964 patients were studied, 
of whom 28 597 developed ARDS. From 2011 to 2014, 
the incidence of ARDS decreased; however, mortality in 
patients with ARDS has increased. Predictors of ARDS 
included direct thoracic injury (TILC, multiple rib fractures, 
and flail chest), as well as indirect factors (increased 
age, male gender, higher ISS, lower Glasgow Coma Scale 
motor component score, history of cardiopulmonary 
or hematologic disease, and history of alcoholism or 
obesity). Patients with ARDS secondary to direct thoracic 
injury had a lower risk of mortality compared with 
patients with ARDS due to other mechanisms.
Discussion Despite the decreasing incidence of 
trauma-induced ARDS, mortality in patients with ARDS 
has increased. Direct thoracic injury was the strongest 
predictor of ARDS. Knowing specific contributors to 
trauma-induced ARDS could help identify at-risk patients 
early in their hospitalization and mitigate the progression 
to ARDS and thereby mortality.
Level of evidence Prognostic study, level III.

bACkgrounD
Worldwide, for people under 45, trauma is the 
leading cause of death and disability.1 In patients 
who develop multiple organ failure, acute respira-
tory distress syndrome (ARDS) is the most frequent 
manifestation. Despite improvements in respira-
tory intensive care during the past several decades, 
ARDS is still associated with substantial mortality 
(25%–60% ARDS alone and 50%–80% when asso-
ciated with multiple organ failure), morbidity, and 
costs.2–10

Far fewer investigations have studied the 
risk factors and prognosis in patients with 

trauma-induced ARDS, as compared with medical 
or sepsis-affiliated ARDS.11 The vast majority of 
investigations that have studied trauma-induced 
ARDS were either single-institution studies and/or 
used pre-2007 data sources, prior to widespread 
adoption of ARDSNet (short for the multicenter 
ARDS Network) and fluid resuscitation best prac-
tices.1 12–24 Moreover, less is known regarding the 
risk factors for the development of ARDS in non-se-
verely (Injury Severity Score [ISS] ≤15) injured 
trauma patients as these patients have frequently 
been excluded from previous studies.22 25–32 Further-
more, existing studies of predictors of trauma-in-
duced ARDS have reported conflicting findings. 
One example is older age, which is a consistent 
risk factor for the development of ARDS; however, 
after accounting for injury severity and comorbidi-
ties, its independent association has been inconsis-
tent.1 17 29 33 34 Additionally, reports of the relationship 
between trauma-induced ARDS and mortality have 
been inconsistent.1 3 13 35 Patients with ARDS have 
a higher raw mortality rate, but typically are also 
more severely injured and have additional comor-
bidities. Two retrospective single-institution studies 
called into question the effect of ARDS on trauma 
mortality, highlighting a key unknown in our 
field.13 35 The question of high mortality in patients 
with ARDS and its relation to the trauma itself or to 
extrathoracic factors (such as overall injury severity 
or patient comorbidities) remains unanswered.

Given the significant impact of ARDS on clinical 
outcomes and costs, recent calls have been made 
for large observational studies to assess the poten-
tial predictors for ARDS.36 A more complete under-
standing could facilitate early identification and 
prompt treatment to improve survival. In this study, 
we sought to evaluate predictors of trauma-induced 
ARDS and mortality in patients with ARDS, using a 
large national database of US trauma patients from 
2009 through 2014. We hypothesized that trau-
ma-induced ARDS occurs along the entire burden 
of injury severity, and direct thoracic risk factors 
(vs. extrathoracic risk factors) are most strongly 
associated with developing trauma-induced ARDS.

MeThoDs
Data collection
The data source for this study was the American 
College of Surgeons National Trauma Data Bank 
(NTDB), which is the largest trauma registry in the 
USA.37 It includes patient and hospital data on trau-
matic injuries and clinical outcomes for more than 
700 trauma centers.
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Figure 1 Study diagram detailing the selection of patients in the 2009 to 2014 National Trauma Data Bank. ARDS, acute respiratory distress 
syndrome; NTDB, National Trauma Data Bank.

Participants
Patient-level data were obtained from the NTDB from January 
1, 2009 through December 31, 2014. The inclusion criteria 
were as follows: age ≥16 years, at least one valid International 
Classification of Diseases, Ninth Revision, Clinical Modifica-
tion (ICD-9-CM) trauma code (range, 800–959.9), and admis-
sion to a US trauma center for definitive care. The exclusion 
criteria included patients with no signs of life at initial evaluation 
(emergency department [ED] systolic blood pressure [SBP]=0, 
pulse=0, Glasgow Coma Scale [GCS] score=3) or patients 
transferred for definitive care.

Measures
We used the NTDB data dictionary’s definition of acute lung injury 
(ALI)/ARDS.38 Briefly, the definition encompassed sudden severe 
lung failure characterized by an arterial oxygen tension:fractional 
inspired oxygen (PaO2:FiO2) ratio of <300 mm Hg, bilateral fluffy 
infiltrates seen on frontal chest radiography, and the absence of 
clearly demonstrable volume overload (as signified by pulmonary 
wedge pressure, if measured, of 18 mm Hg, or by a similar surro-
gate such as echocardiography). Because our study’s data period 
began before the adoption of the Berlin definition of ARDS in 
2012, we elected to use the American-European consensus confer-
ence definition of ARDS.39

For rib fractures, we used the following ICD-9 codes: rib 
fracture not otherwise specified—807, 807.0, 807.00, 807.1, 
807.10, 807.09, 807.19; one rib fracture—807.01, 807.11; 
two rib fractures—807.02, 807.12; three rib fractures—807.03, 
807.13; four rib fractures—807.04, 807.14; five rib frac-
tures—807.05, 807.15; six rib fractures—807.06, 807.16; 
seven rib fractures—807.07, 807.17; and eight or more rib 
fractures—807.08, 807.18. For flail chest, we used ICD-9 code 
807.4. Trauma-induced lung contusion (TILC) was defined 
as patients having an Abbreviated Injury Scale (AIS) code that 
began with the prefix 4414.

We obtained information regarding patient characteristics, 
thoracic and extrathoracic risk factors, and comorbidities. 

Patient characteristics included age (at time of ED visit), gender, 
race and ethnicity, and insurance status. Age was categorized as 
16 to 25, 26 to 45, 46 to 65, 66 to 75, and greater than 75 years. 
Race and ethnicity were categorized as white, black, Hispanic or 
Latino, and other. Insurance status was recorded as Medicaid, 
Medicare, private, and self-pay.

Direct thoracic risk factors included the number of rib frac-
tures, presence of flail chest, and TILC. Indirect extrathoracic 
risk factors included preinjury alcohol use and drug (prescrip-
tion and illicit) use, time (minutes) from dispatch of emer-
gency medical services to arrival in the trauma bay, ISS, lowest 
ED SBP, respiratory rate, oxygen saturation, temperature, and 
GCS motor component score. Alcohol use was recorded as not 
tested, no-confirmed, below 0.08, and above 0.08. Drug use 
was recorded as not tested, no-confirmed, yes-prescription, 
and yes-illegal. Preinjury alcohol and drug use were of interest 
because it is possible that, due to concerns for withdrawal, these 
patients had prolonged hospital stays and were at higher than 
average risk for oversedation and pulmonary complications. 
The most aberrant ED vital signs during the first hour of ED 
arrival are a marker for disease severity, and therefore these 
were evaluated for their association with subsequent develop-
ment of ARDS. GCS motor was used instead of GCS total as a 
large portion of the NTDB is missing GCS verbal, and therefore 
it is common practice when conducting NTDB observational 
studies to use GCS motor. A prolonged time from dispatch of 
emergency medical service to arrival in the trauma bay may be a 
marker for rurality or prolonged prehospital interventions, signi-
fying more severely injured patients, and therefore was included 
in the analysis. Finally, ISS is a marker of disease severity and 
thus of interest.

Comorbidities of interest included medical history of alco-
holism,20 40 bleeding disorder,1 14 32 congestive heart failure 
(CHF),41 42 current smoker,40 diabetes mellitus,43 44 history of 
angina within 30 days,43 history of myocardial infarction,41 43 
hypertension requiring medications,44 obesity,16 24 and history of 
respiratory disease.45
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Table 1 Characteristics of patients who developed ARDS

no ArDs ArDs P value

Demographics

Age, n (%)

  16–25 536 163 (19.7) 5109 (17.9) <0.001

  26–45 757 781 (27.8) 7654 (26.8)

  46–65 743 021 (27.3) 8887 (31.1)

  66–75 257 950 (9.5) 3063 (10.7)

  >75 428 854 (15.7) 3884 (13.6)

Male, n (%) 1 710 390 (62.8) 21 002 (73.5) <0.001

Race, n (%) <0.001

  White 1 797 453 (70.4) 19 879 (72.9)

  Black 411 673 (16.1) 4525 (16.6)

  Hispanic or Latino 261 519 (10.3) 2001 (7.3)

  Other 81 848 (3.2) 859 (3.2)

Insurance, n (%) <0.001

  Medicaid 343 047 (17.4) 4238 (19.8)

  Medicare 613 508 (31.1) 6025 (28.1)

  Private 539 732 (27.4) 6619 (30.9)

  Self-pay 476 434 (24.2) 4554 (21.2)

Extrathoracic risk factors

EtOH, n (%) <0.001

  Not tested 1 195 385 (49.4) 9821 (38.4)

  No-confirmed 741 053 (30.6) 9387 (36.7)

  Below 0.08 128 126 (5.3) 1511 (5.9)

  Above 0.08 356 037 (14.7) 4838 (18.9)

Drugs, n (%) <0.001

  Not tested 1 495 965 (68.0) 10 859 (51.0)

  No-confirmed 340 618 (15.5) 4472 (21.0)

  Yes-prescription 87 440 (4.0) 1520 (7.1)

  Yes-illegal 274 913 (12.5) 4426 (20.8)

Injury Severity Score, mean 
(SD)

10.9 (8.7) 23.3 (13.3) <0.001

Lowest ED SBP, mean (SD) 138.7 (28.6) 130.5 (36.6) <0.001

Temperature (°C), mean (SD) 36.5 (1.7) 36.1 (2.1) <0.001

GCS motor score, mean (SD) 5.7 (1.1) 4.3 (2.2) <0.001

Thoracic risk factors

Presence of rib fracture, n (%) <0.001

  No rib fracture 2 330 056 (85.6) 17 395 (60.1)

  1 rib fracture 86 130 (3.2) 1681 (5.9)

  2 rib fractures 60 549 (2.2) 1189 (4.2)

  3 rib fractures 46 196 (1.7) 784 (2.7)

  4 rib fractures 48 317 (1.8) 1229 (4.3)

  5 rib fractures 26 295 (1.0) 647 (2.3)

  6 rib fractures 19 593 (0.7) 568 (2.0)

  7 rib fractures 13 873 (0.5) 491 (1.7)

  ≥8 rib fractures 31 803 (1.2) 1615 (5.7)

  Rib fracture NOS 46 745 (1.7) 1759 (6.2)

  Flail chest 14 212 (0.5) 1239 (4.3)

Trauma-induced lung 
contusion, n (%)

151 216 (5.6) 6182 (21.6) <0.001

Comorbidities, n (%)

  Alcoholism 215 944 (8.2) 4427 (16.5) <0.001

  Bleeding disorder 117 319 (4.5) 2264 (8.4) <0.001

  Congestive heart failure 73 357 (2.8) 1623 (6.1) <0.001

Continued

no ArDs ArDs P value

  Current smoker 368 726 (14.0) 3622 (13.5) 0.02

  Diabetes mellitus 282 705 (10.8) 3771 (14.1) <0.001

  History of angina within 
30 days

4186 (0.2) 292 (1.1) <0.001

  History of myocardial 
infarction

31 434 (1.2) 673 (2.5) <0.001

  Hypertension requiring 
medications

689 740 (26.2) 8471 (31.6) <0.001

  Obesity 125 396 (4.8) 2415 (9.0) <0.001

  History of respiratory 
disease

185 996 (7.1) 3057 (11.4) <0.001

ARDS, acute respiratory distress syndrome; ED, emergency department; EtOH, 
preinjury alcohol consumption; GCS, Glasgow Coma Scale; NOS, not otherwise 
specified; SBP, systolic blood pressure.

Table 1 Continued

statistical methods
A retrospective cohort study was performed using multilevel 
logistic regression to ascertain factors associated with the devel-
opment of ARDS. For descriptive purposes, data were expressed 
as the mean and SD for continuous variables and as percentages 
for categorical variables. Student’s t-tests and Pearson χ2 tests 
were used in the preliminary analyses. For our main analysis, 
the primary outcome was development of ARDS. A multilevel 
mixed-effects logistic model was used, which accounted for 
hospital-level random effects. To account for missing data, we 
used the multiple imputation (mi) suite of commands, with five 
imputations for each missing value. We excluded variables with 
more than 35% missing values.46 To assess for potential effect 
modification, we considered all clinically relevant pairwise inter-
action terms, that is, TILC and history of respiratory disease. 
Subgroup analysis included stratification by TILC. We set alpha 
at 0.05, two-tailed. To assess model performance, we used the 
C-statistic. For all statistical analyses, we used Stata MP V.15.

The secondary outcome was all-cause in-hospital mortality. 
Predictors of mortality in patients with ARDS were investigated 
by generating a multilevel mixed-effects logistic model with 
hospital-level random effects.

resuLTs
Within the 2009 to 2014 NTDB database, records were available 
for 4 712 440 patients (figure 1). After we applied our inclusion 
and exclusion criteria, 2 998 964 patients were eligible for the 
study, of whom 28 597 (1%) developed ARDS. Of these patients, 
5888 had an ISS ≤10, 8011 had an ISS ≤15, and 20 586 had an 
ISS >15. The incidence of trauma-induced ARDS was greatest 
during 2009 to 2011 (1.3%–1.4%) and decreased thereafter to 
0.5% in 2014. Yet mortality in patients with ARDS increased 
during the study period, from 21.2% in 2009 to 27.8% in 2014.

The characteristics of patients who developed ARDS are 
shown in table 1. The age category with the highest percentage 
of ARDS was 46 to 65 years. Men were considerably more 
likely to develop ARDS than women, with 73.5% of the cases. 
Whites were more likely to develop ARDS, as were patients 
with Medicaid and private insurance. Extrathoracic risk factors 
associated with ARDS were acute intoxication on arrival in the 
trauma bay, preinjury illegal and prescription drug use, higher 
ISS, ED hypotension, ED hypothermia, and lower GCS motor 
component score. Thoracic risk factors that were more prevalent 
in patients with ARDS were multiple rib fractures, TILC, and 
flail chest. Comorbidities associated with ARDS included history 
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Table 2 Multivariable analysis of predictors for acute respiratory 
distress syndrome in trauma patients*

or 95% CI P value

Demographics

Age

  16–25 Baseline

  26–45 1.06 1.02 to 1.10 0.002

  46–65 1.19 1.15 to 1.24 <0.001

  66–75 1.43 1.34 to 1.52 <0.001

  >75 1.48 1.39 to 1.58 <0.001

Male 1.35 1.31 to 1.39 <0.001

Race

  White Baseline

  Black 0.96 0.93 to 1.00 0.046

  Hispanic or Latino 0.91 0.86 to 0.97 0.003

  Other 1.05 0.97 to 1.13 0.2

Insurance

  Medicaid Baseline

  Medicare 0.89 0.84 to 0.94 <0.001

  Private 0.93 0.89 to 0.96 <0.001

  Self-pay 0.71 0.67 to 0.75 <0.001

Extrathoracic risk factors

EtOH

  No-confirmed Baseline

  Not tested 0.75 0.71 to 0.78 <0.001

  Below 0.08 0.90 0.85 to 0.96 0.001

  Above 0.08 0.86 0.82 to 0.89 <0.001

Drugs

  No-confirmed Baseline

  Not tested 0.77 0.72 to 0.83 <0.001

  Yes-prescription 1.05 0.98 to 1.11 0.1

  Yes-illegal 1.27 1.20 to 1.35 <0.001

Injury Severity Score 1.05 1.05 to 1.05 <0.001

Lowest ED systolic blood pressure 1.00 1.00 to 1.00 0.7

Temperature 1.00 1.00 to 1.01 0.3

GCS motor component score 0.73 0.72 to 0.73 <0.001

Thoracic risk factors

Trauma-induced lung contusion 1.46 1.40 to 1.51 <0.001

Traumatic rib fracture

  No rib fractures Baseline

  1 rib fracture 1.45 1.37 to 1.54 <0.001

  2 rib fractures 1.46 1.37 to 1.56 <0.001

  3 rib fractures 1.31 1.21 to 1.41 <0.001

  4 rib fractures 1.50 1.40 to 1.60 <0.001

  5 rib fractures 1.55 1.42 to 1.69 <0.001

  6 rib fractures 1.71 1.55 to 1.87 <0.001

  7 rib fractures 1.83 1.65 to 2.02 <0.001

  ≥8 rib fractures 1.84 1.73 to 1.95 <0.001

  Rib fracture (NOS) 1.80 1.70 to 1.90 <0.001

  Flail chest 2.60 2.42 to 2.80 <0.001

Comorbidities

  Alcoholism 1.72 1.65 to 1.80 <0.001

  Bleeding disorder 1.62 1.53 to 1.70 <0.001

  Congestive heart failure 1.87 1.76 to 1.99 <0.001

Continued

or 95% CI P value

  Current smoker 0.92 0.88 to 0.96 <0.001

  Diabetes mellitus 1.19 1.14 to 1.24 <0.001

  History of angina within 30 days 2.21 1.93 to 2.53 <0.001

  History of myocardial infarction 1.14 1.04 to 1.25 0.005

  Hypertension requiring medications 1.25 1.21 to 1.30 <0.001

  Obesity 1.64 1.56 to 1.72 <0.001

  History of respiratory disease 1.69 1.62 to 1.76 <0.001

*C-statistic=0.85.
ED, emergency department; EtOH, preinjury alcohol consumption; GCS, Glasgow 
Coma Scale; NOS, not otherwise specified.

Table 2 Continued

of chronic alcoholism, cardiopulmonary disease, hematologic 
disease, obesity, and diabetes mellitus. Patients with (vs. without) 
ARDS were less likely to currently smoke.

risk factors for ArDs
On multivariable analysis, patients with ARDS were more likely 
to have the following risk factors (per the various categories): 
increased age, male gender, white race, and Medicaid insur-
ance (patient characteristics); pre-injury illegal drug use, higher 
ISS, and lower GCS motor component score (extrathoracic); 
multiple rib fractures, TILC, and flail chest (direct thoracic); and 
history of chronic alcoholism, cardiopulmonary disease, hema-
tologic disease, obesity, and diabetes mellitus (comorbidities) 
(table 2). The top three predictors for ARDS were flail chest (OR 
2.6, 95% CI 2.42 to 2.80, p<0.001), history of angina within 
30 days (OR 2.21, 95% CI 1.93 to 2.53, p<0.001), and history 
of CHF (OR 1.87, 95% CI 1.76 to 1.99, p<0.001). Patients 
with (vs. without) ARDS were less likely to currently smoke. ED 
hypotension, ED hypothermia, and preinjury prescription drug 
use were not associated with the development of ARDS.

sensitivity and subgroup analyses
Risk factors for ARDS in patients with TILC
A subgroup analysis was conducted evaluating the risk factors 
for the development of ARDS in patients with TILC (table 3). 
In patients with TILC, five or fewer rib fractures no longer 
represented a significant risk factors for the development of 
trauma-induced ARDS. For the remainder of risk factors, asso-
ciations were similar for the development of trauma-induced 
ARDS in patients with TILC (vs. without) (table 3).

Risk factors for ARDS in patients with minor versus major trauma
Patients who developed ARDS were dichotomized into two 
groups, patients with minor injury (ISS ≤15) compared with 
patients with major (ISS >15) injury. Risk factors for ARDS 
were significantly different between the patients with minor 
and major trauma. In general, patients who developed ARDS 
after major trauma were more likely to have direct thoracic 
injury (multiple rib fractures [p<0.001], flail chest [p<0.001], 
or lung contusions [p<0.001]) or traumatic brain injury (TBI) 
(p<0.001). Patients who developed ARDS after minor trauma 
were more likely to be older (>46 years old, p ≤ 0.006), have 
Medicare insurance (p=0.047), be legally intoxicated at the 
time of their injury (p<0.001), and more likely to have multiple 
comorbidities (p≤0.009) (table 4).
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Table 3 Multivariable analysis of predictors for acute respiratory 
distress syndrome in patients with trauma-induced lung contusion*

or 95% CI P value

Demographics

Age

  16–25 Baseline

  26–45 1.05 0.97 to 1.13 0.2

  46–65 1.15 1.05 to 1.25 0.002

  66–75 1.36 1.18 to 1.57 <0.001

  >75 1.58 1.35 to 1.84 <0.001

Male 1.31 1.23 to 1.40 <0.001

Race

  White Baseline

  Black 0.96 0.88 to 1.05 0.4

  Hispanic or Latino 0.97 0.86 to 1.09 0.6

  Other 1.00 0.85 to 1.19 0.96

Insurance

  Medicaid Baseline

  Medicare 0.85 0.76 to 0.96 0.008

  Private 0.94 0.86 to 1.02 0.2

  Self-pay 0.72 0.64 to 0.81 <0.001

Extrathoracic risk factors

EtOH

  No-confirmed Baseline

  Not tested 0.90 0.82 to 0.99 0.03

  Below 0.08 0.84 0.74 to 0.96 0.01

  Above 0.08 0.93 0.85 to 1.01 0.09

Drugs

  No-confirmed Baseline

  Not tested 0.83 0.75 to 0.92 0.001

  Yes-prescription 1.06 0.94 to 1.21 0.3

  Yes-illegal 1.15 1.05 to 1.26 0.003

Injury Severity Score 1.04 1.04 to 1.04 <0.001

Lowest ED systolic blood pressure 1.00 1.00 to 1.00 0.5

Temperature 1.01 1.00 to 1.02 0.2

GCS motor score 0.79 0.78 to 0.81 <0.001

Thoracic risk factors

Traumatic rib fracture

  No rib fractures Baseline

  1 rib fracture 1.09 0.98 to 1.21 0.1

  2 rib fractures 1.08 0.96 to 1.21 0.2

  3 rib fractures 0.85 0.74 to 0.99 0.04

  4 rib fractures 1.16 1.03 to 1.30 0.1

  5 rib fractures 1.15 0.99 to 1.34 0.06

  6 rib fractures 1.35 1.16 to 1.56 <0.001

  7 rib fractures 1.50 1.28 to 1.76 <0.001

  ≥8 rib fractures 1.51 1.37 to 1.67 <0.001

  Rib fracture (NOS) 1.39 1.26 to 1.55 <0.001

  Flail chest 2.09 1.87 to 2.33 <0.001

Comorbidities

  Alcoholism 1.53 1.38 to 1.68 <0.001

  Bleeding disorder 1.79 1.56 to 2.05 <0.001

  Congestive heart failure 1.42 1.17 to 1.73 <0.001

  Current smoker 0.97 0.89 to 1.05 0.4

Continued

or 95% CI P value

  Diabetes mellitus 1.30 1.17 to 1.44 <0.001

  History of angina within 30 days 1.82 1.16 to 2.83 0.009

  History of myocardial infarction 1.01 0.77 to 1.31 0.96

  Hypertension requiring medications 1.24 1.15 to 1.35 <0.001

  Obesity 1.77 1.60 to 1.95 <0.001

  History of respiratory disease 1.53 1.37 to 1.70 <0.001

*C-statistic=0.85.
ED, emergency department; EtOH, preinjury alcohol consumption; GCS, Glasgow 
Coma Scale; NOS, not otherwise specified.

Table 3 Continued

Independent predictors of mortality
Of the 28 597 patients with ARDS, 6221 (22%) subsequently 
died while hospitalized. On multivariable analysis, patients who 
died were more likely to be older and male (table 5). Age was the 
strongest predictor of mortality identified. Extrathoracic predic-
tors of mortality included higher ISS, ED hypothermia, and 
lower GCS motor component score. Comorbidities associated 
with mortality were history of CHF, history of bleeding disorder, 
and current diabetes mellitus. In patients who died (vs. did not 
die) while hospitalized, acute intoxication and use of prescrip-
tion or illegal drugs were more common in those patients who 
did not die while hospitalized. In addition, TILC (OR 0.91, 95% 
CI 0.84 to 0.99, p=0.025), one or more rib fracture (OR range 
0.68–0.76, p<0.007), and flail chest (OR 0.56, 95% CI 0.48 to 
0.66, p<0.001) were less frequent in patients who died. Patients 
with (vs. without) hypertension requiring medications were 
more likely to survive.

DIsCussIon
To our knowledge, ours is the largest study evaluating the predic-
tors of developing ARDS and mortality in trauma patients, and 
one of a few studies evaluating trauma-induced ARDS across 
multiple institutions using post-2007 data.1 12–24 Furthermore, 
this is one of the few studies investigating ARDS in patients 
with an ISS ≤15. Using a large national trauma database, we 
identified and characterized patients who developed ARDS after 
a traumatic injury. Our key findings are as follows. First, the 
overall incidence of ARDS has decreased; however, mortality in 
patients with ARDS has actually increased in trauma patients. 
Second, ARDS is not a disease process of severely injured 
patients alone; in our study, nearly a third of the patients with 
ARDS had an ISS ≤15. Third, the strongest risk factors for the 
development of ARDS were direct thoracic injury and a history 
of cardiopulmonary or hematologic disease and alcoholism. 
Fourth, although TILC was an independent risk factor for the 
development of ARDS, on subgroup analysis, patients with or 
without TILC had relatively similar risk factors for the develop-
ment of ARDS (table 3). Fifth and finally, mortality in patients 
with ARDS was due not to direct thoracic injury but rather to 
patient-level factors such as older age, male gender, more severe 
injury, and certain comorbidities (table 5).

In our study, we identified a 1% overall incidence of ARDS 
in US trauma centers. Some reports have indicated that the 
incidence has remained unchanged during the past decade. 
But according to the majority of the literature, the incidence 
of trauma-induced ARDS has decreased—a finding that aligns 
with our clinical experience and findings in this study.23 47–49 The 
decreased incidence is likely due to improved resuscitative and 
critical care strategies developed during the past two decades. 
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Table 4 Multivariable analysis of predictors for acute respiratory 
distress syndrome in patients with major (ISS >16) vs. minor (ISS ≤15) 
trauma

or 95% CI P value

Demographics

Age

  16–25 Baseline

  26–45 1.0 0.87 to 1.07 0.5

  46–65 0.83 0.74 to 0.92 <0.001

  66–75 0.80 0.68 to 0.93 0.01

  >75 0.75 0.63 to 0.9 <0.001

Male 1.14 1.05 to 1.2 <0.001

Race

  White Baseline

  Black 1.11 1.001 to 1.21 0.05

  Hispanic or Latino 0.98 0.82 to 1.18 0.9

  Other 1.09 0.95 to 1.25 0.2

Insurance

  Medicaid Baseline

  Medicare 0.76 0.66 to 0.87 <0.001

  Private 1.12 0.97 to 1.29 0.1

  Self-pay 0.93 0.82 to 1.05 0.2

Extrathoracic risk factors

EtOH

  No-confirmed Baseline

  Not tested 0.56 0.51 to 0.61 <0.001

  Below 0.08 0.86 0.74 to 0.99 0.04

  Above 0.08 0.79 0.71 to 0.89 <0.001

Drugs

  No-confirmed Baseline

  Not tested 0.84 0.75 to 0.95 0.01

  Yes-prescription 0.73 0.62 to 0.87 <0.001

  Yes-illegal 0.87 0.78 to 0.97 0.02

Lowest ED systolic blood pressure 0.99 0.99 to 0.99 <0.001

Temperature 0.93 0.91 to 0.95 <0.001

GCS motor score 0.78 0.76 to 0.79 <0.001

Thoracic risk factors

Trauma-induced lung contusion 2.16 1.96 to 2.38 <0.001

Traumatic rib fracture

  No rib fractures Baseline

  1 rib fracture 2.20 1.89 to 2.56 <0.001

  2 rib fractures 1.80 1.55 to 2.07 <0.001

  3 rib fractures 1.69 1.43 to 1.98 <0.001

  4 rib fractures 2.30 1.88 to 2.8 <0.001

  5 rib fractures 3.40 2.8 to 4.1 <0.001

  6 rib fractures 3.49 2.7 to 4.44 <0.001

  7 rib fractures 3.42 2.63 to 4.44 <0.001

  ≥8 rib fractures 4.41 3.23 to 6.01 <0.001

  Rib fracture (NOS) 5.36 4.40 to 6.51 <0.001

  Flail chest 8.48 6.33 to 11.34 <0.001

Comorbidities

  Alcoholism 0.71 0.64 to 0.78 <0.001

  Bleeding disorder 1.28 1.13 to 1.44 <0.001

  Congestive heart failure 0.69 0.59 to 0.79 <0.001

Continued

or 95% CI P value

  Current smoker 0.87 0.78 to 0.96 0.01

  Diabetes mellitus 0.99 0.89 to 1.08 0.77

  History of angina within 30 days 0.88 0.66 to 1.15 0.36

  History of myocardial infarction 0.76 0.62 to 0.91 <0.001

  Hypertension requiring medications 0.87 0.8 to 0.94 <0.001

  Obesity 0.82 0.73 to 0.91 <0.001

  History of respiratory disease 0.60 0.55 to 0.66 <0.001

ED, emergency department; EtOH, pre-injury alcohol consumption; GCS, Glasgow 
Coma Scale; ISS, Injury Severity Score; NOS, not otherwise specified.

Table 4 Continued

Key areas of clinical improvement include widespread adoption 
of lung-protective strategies for mechanical ventilation and of 
restrictive fluid strategies for resuscitation. Our data strengthen 
the claim that trauma-induced ARDS incidence is decreasing 
over time in the USA.

ARDS is not a disease process of just the severely injured; we 
observed nearly one-third of patients who developed ARDS had 
an ISS ≤15. Given this finding, we included patients with an ISS 
≤15 in our analysis, which also accounts for the low incidence 
of ARDS identified in this study. This finding is important, as 
previous studies on trauma-induced ARDS have excluded this 
population from analysis.22 25–32 Risk factors were significantly 
different for developing ARDS in patients with minor (vs. major) 
injury. Patients who developed ARDS with major injury were 
more likely to have direct thoracic injury, perhaps contributing 
to their elevated ISS via an increased AIS chest score. Surpris-
ingly, patients who developed ARDS with minor injuries were 
more likely to be older (>46 years old) and have multiple comor-
bidities. There is much interest in better understanding the role 
patient comorbidities play in the development and management 
of patients with ARDS, as nearly all ARDS clinical trials and 
epidemiologic studies since 1998 have excluded patients with 
major comorbidities.50 In this study we identified that patients 
with a history of alcoholism, bleeding disorders, and cardiopul-
monary comorbidities after minor trauma were more likely to 
develop trauma-induced ARDS than patients after major trauma 
(table 4). Future research is needed to investigate the effect of 
patient comorbidities on the development of trauma ARDS and 
how the presence of specific patient comorbidities influences 
current ARDS prevention strategies.

Central to this study’s objective, we have identified that 
the direct thoracic factors—flail chest, multiple rib fractures, 
and TILC—are significant contributors to the development 
of ARDS. Multiple studies have documented an inconsistent 
correlation between the volume of TILC and the develop-
ment of ARDS.51 These suggest interactions with other factors 
occurring around the time of injury may be involved in the 
development of ARDS. In our subgroup analysis, stratified 
by TILC, we found that patients with or without TILC had 
relatively similar risk factors for the development of ARDS. 
The presence of significant injury burden, represented by 
an elevated ISS and low GCS motor component score, was 
identified as an important extrathoracic predictor of ARDS. 
It is likely that contribution from a robust systemic inflamma-
tory response resulted in the deterioration of lung function, 
as observed with experimental data in animals and in human 
subjects with additional risk factors.52 53 Similarly, the possi-
bility of additional insults to the lung such as aspiration-in-
duced lung injury seen frequently as a complication of low 



7Tignanelli CJ, et al. Trauma Surg Acute Care Open 2019;4:e000249. doi:10.1136/tsaco-2018-000249

Open access

Table 5 Predictors of mortality for patients with acute respiratory 
distress syndrome after trauma*

or 95% CI P value

Demographics

Age

  16–25 Baseline

  26–45 1.20 1.08 to 1.33 0.001

  46–65 2.10 1.89 to 2.34 <0.001

  66–75 3.60 3.08 to 4.20 <0.001

  >75 6.73 5.79 to 7.81 <0.001

Male 1.12 1.03 to 1.21 0.005

Race

  White Baseline

  Black 1.08 0.98 to 1.18 0.1

  Hispanic or Latino 1.04 0.92 to 1.19 0.5

  Other 0.90 0.75 to 1.09 0.3

Insurance

  Medicaid Baseline

  Medicare 1.35 1.19 to 1.52 <0.001

  Private 0.93 0.84 to 1.03 0.1

  Self-pay 1.71 1.52 to 1.93 <0.001

Extrathoracic risk factors

EtOH

  No-confirmed Baseline

  Not tested 0.97 0.88 to 1.06 0.5

  Below 0.08 0.96 0.83 to 1.12 0.6

  Above 0.08 0.73 0.66 to 0.82 <0.001

Drugs

  No-confirmed Baseline

  Not tested 1.07 0.96 to 1.18 0.2

  Yes-prescription 0.71 0.60 to 0.83 <0.001

  Yes-illegal 0.83 0.74 to 0.93 0.002

Injury Severity Score 1.05 1.04 to 1.05 <0.001

Lowest ED systolic blood pressure 1.00 1.00 to 1.00 <0.001

Temperature 0.96 0.95 to 0.98 <0.001

GCS motor score 0.79 0.78 to 0.81 <0.001

Thoracic risk factors

Trauma-induced lung contusion 0.91 0.84 to 0.99 0.025

Traumatic rib fracture

  No rib fractures Baseline

  1 rib fracture 0.68 0.59 to 0.78 <0.001

  2 rib fractures 0.73 0.61 to 0.88 0.001

  3 rib fractures 0.64 0.52 to 0.78 <0.001

  4 rib fractures 0.81 0.69 to 0.94 0.007

  5 rib fractures 0.57 0.46 to 0.71 <0.001

  6 rib fractures 0.54 0.42 to 0.68 <0.001

  7 rib fractures 0.43 0.33 to 0.56 <0.001

  ≥8 rib fractures 0.51 0.44 to 0.59 <0.001

  Rib fracture (NOS) 0.76 0.66 to 0.87 <0.001

  Flail chest 0.56 0.48 to 0.66 <0.001

Comorbidities

  Alcoholism 0.92 0.82 to 1.03 0.2

  Bleeding disorder 1.50 1.34 to 1.68 <0.001

  Congestive heart failure 1.22 1.07 to 1.39 0.004

Continued

or 95% CI P value

  Current smoker 0.78 0.70 to 0.88 <0.001

  Diabetes mellitus 1.17 1.06 to 1.29 0.001

  History of angina within 30 days 0.97 0.73 to 1.30 0.9

  History of myocardial infarction 1.18 0.98 to 1.42 0.09

  Hypertension requiring medications 0.90 0.83 to 0.97 0.009

  Obesity 1.00 0.87 to 1.13 0.9

  History of respiratory disease 1.08 0.96 to 1.20 0.2

*C-statistic=0.94.
ED, emergency department; EtOH, preinjury alcohol consumption; GCS, Glasgow 
Coma Scale; NOS, not otherwise specified.

Table 5 Continued

GCS score from TBI accounts for the deterioration of lung 
function to a full-blown ARDS. Our laboratory has shown in 
small animals a combination of aspiration-induced lung injury 
when added to TILC produces a synergistic increase in lung 
injury and inflammation.54 Additionally, elderly age, male 
sex, illegal drug use, history of alcoholism, bleeding disorder, 
cardiac history, obesity, and respiratory disease were the 
most significant predictors for the development of ARDS in 
trauma patients. These findings supplement those of previous 
studies that also aimed to identify risk factors in trauma 
patients.1 13 17 29 33 35 Previous studies have suffered from many 
limitations. For example, the majority of multi-institutional 
studies performed used pre-2007 accrual periods, before the 
widespread implementation of critical care practices devised 
by ARDSNet (short for the multicenter ARDS Network initi-
ated by the National Heart, Lung, and Blood Institute of the 
National Institutes of Health), with the majority of studies 
published using post-2007 patient data being single institu-
tion in nature.1 12–24 Additionally, previous studies included a 
relatively limited number of patients with ARDS, as compared 
with our study’s 28 597 patients.1 13 17 29 33 35

In our study, 22% of the patients with ARDS died while 
hospitalized. The precise incidence of mortality in patients 
with ARDS has generated much controversy.13 15 35 55 We 
found that mortality in patients with ARDS has increased 
over time in the USA, strengthening the claim that mortality 
is not declining. Although ARDS is considered an indepen-
dent risk factor for mortality in trauma patients, the contri-
bution of associated injuries and comorbidities to mortality 
is unclear.13 35 Predictors of mortality in our study patients 
included extrathoracic risk factors as a higher ISS and a lower 
GCS motor component score. Patient characteristics asso-
ciated with higher mortality included increased age, male 
gender, and non-Medicaid insurance status. Comorbidities 
associated with higher mortality include a history of bleeding 
disorder, CHF, and diabetes mellitus. We found that patients 
with ARDS secondary to direct thoracic injury (including 
TILC, flail chest, and rib fractures) had improved survival, as 
compared with ARDS due to other mechanisms. This finding 
suggests that the nature of the inflammatory response to direct 
thoracic injury (vs. to extrathoracic risk factors) is distinctly 
different. It is well known that in basic research of direct and 
indirect risk factors, the mechanisms, nature of inflammatory 
attribute, type of cellular and cytokine response, and healing 
are entirely different.56 57 We propose using the stratification 
of direct thoracic and extrathoracic risk factors as a method-
ology in the future to evaluate risk factors in studies involving 
trauma-induced ARDS.
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This study has several limitations, the major one being 
its retrospective study design. We were also limited by the 
elements within the database, which did not include such rele-
vant information as the units of blood products, the volume 
of crystalloid solutions, or the patient’s cause of death. Addi-
tionally, the NTDB does not differentiate between ALI and 
ARDS; thus, this study may overestimate the clinical burden 
of ARDS as it includes patients with a PaO2:FiO2 ratio of 200 
to 300 mm Hg in the definition of ARDS. Although in-hospital 
mortality was reported, no follow-up information was avail-
able regarding patient survival after hospital discharge.

ConCLusIon
ARDS is a complex disease process occurring across the entire 
spectrum of injury burden. Despite the decreasing incidence 
of ARDS, mortality in patients with ARDS has increased. In 
our study, direct thoracic injury was the strongest predictor 
of trauma-induced ARDS. Distinct demographic, comorbid, 
extrathoracic, and thoracic predictors were identified for 
trauma-induced ARDS and mortality in patients with ARDS. 
The recognition of specific thoracic risk factors in trauma-in-
duced ARDS has the potential to identify at-risk patients early 
in their hospitalization and mitigate the progression to ARDS 
and thereby mortality. Future research should be directed at 
implementing therapeutic strategies to mitigate the develop-
ment of ARDS among subsets of trauma patients with identi-
fiable risk factors.
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