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Epidemiology and Outcomes of Acute
Respiratory Distress Syndrome Following
Isolated Severe Traumatic Brain Injury
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Abstract
Patients with traumatic brain injury (TBI) are at risk for extra-cranial complications, such as the acute respiratory distress syn-
drome (ARDS). We conducted an analysis of risk factors, mortality, and healthcare utilization associated with ARDS following
isolated severe TBI. The National Trauma Data Bank (NTDB) dataset files from 2007-2014 were used to identify adult patients
who suffered isolated [other body region-specific Abbreviated Injury Scale (AIS) < 3] severe TBI [admission total Glasgow Coma
Scale (GCS) from 3 to 8 and head region-specific AIS >3]. In-hospital mortality was compared between patients who developed
ARDS and those who did not. Utilization of healthcare resources (ICU length of stay, hospital length of stay, duration of
mechanical ventilation, and frequency of tracheostomy and gastrostomy tube placement) was also examined. This retrospective
cohort study included 38,213 patients with an overall ARDS occurrence of 7.5%. Younger age, admission tachycardia, pre-existing
vascular and respiratory diseases, and pneumonia were associated with the development of ARDS. Compared to patients without
ARDS, patients that developed ARDS experienced increased in-hospital mortality (OR 1.13, 95% CI 1.01-1.26), length of stay
(p ! <0.001), duration of mechanical ventilation (p ! < 0.001), and placement of tracheostomy (OR 2.70, 95% CI 2.34-3.13) and
gastrostomy (OR 2.42, 95% CI 2.06-2.84). After isolated severe TBI, ARDS is associated with increased mortality and healthcare
utilization. Future studies should focus on both prevention and management strategies specific to TBI-associated ARDS.
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Introduction

Traumatic brain injury (TBI) is a leading cause of morbidity
and mortality in the United States, resulting in over 50,000
deaths a year.1 Despite being a heterogenous pathology, clas-
sification traditionally occurs based upon presenting neurolo-
gical exam.2 In addition to the loss of life and long term
debility, TBI results in a significant source of healthcare utili-
zation with over 2.8 million emergency department visits annu-
ally and yearly hospital charges measured in the tens of billions
of dollars.1,3 Significant work has gone into understanding the
neurological determinants of outcome following severe TBI.
While the pattern and extent of intracranial injury are key
contributors to outcome,4 TBI patients are also at risk for sig-
nificant extra-cranial complications,5-8 including the acute
respiratory distress syndrome (ARDS).9,10

ARDS is an inflammatory lung condition which can be
triggered by a myriad of underlying pathologies, including
trauma11 and carries a mortality of approximately 40% among
heterogenous populations of critically ill patients.12 Research
indicates an association between TBI, lung injury (including

ARDS), and adverse outcomes.13-15 However, the majority of
studies of TBI and ARDS were conducted in era prior to con-
temporary critical care management, with little data on out-
comes above and beyond mortality. Additionally, many of
these studies did not seek to address the association between
isolated brain injury and lung injury and thus were confounded
by extracranial injury5,16-18; thus, ARDS development in iso-
lated severe TBI has not been fully described. To address this,
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we conducted an analysis of the risk factors, clinical outcomes,
and healthcare utilization associated with ARDS following iso-
lated severe TBI.

Methods

Study Population

The National Trauma Data Bank (NTDB) dataset files from
2007 to 2014 were used for this study, and includes information
on over 7.5 million trauma encounters at over 700 trauma
facilities.19 We identified adult patients (18 years of age and
older), who suffered isolated severe TBI. The development of
ARDS was ascertained from the complications file of the
NTDB dataset. Patients from facilities that did not report hos-
pital complications, as ascertained by a missing value in the
first complications field, were excluded. Other exclusion cri-
teria included patients that were not admitted to the hospital or
who died within 48 hours of admission. This is consistent with
previously published methods and is meant to reduce death
from the initial injury as a competing risk to the development
of ARDS.20 Because of the de-identified nature of NTDB data,
the study was exempt from Institutional Board Review by the
Duke University Health System IRB.

Identification of Isolated Severe Traumatic Brain Injury

Consistent with prior studies, isolated severe Traumatic Brain
Injury was defined as admission total Glasgow Coma Scale2

from 3 to 8 and head region-specific Abbreviated Injury Sever-
ity (AIS)21 Score >3 and other body region-specific AIS score
<3.22

Identification of Acute Respiratory Distress Syndrome

ARDS criteria differs based upon the time patients were
entered into the database and reflects internationally accepted
trends in ARDS classification. The American-European Con-
sensus Conference definition was used for entries through
2011.23 The modified or full Berlin Criteria were used from
2012 to 2014.24

Exposures, Outcomes, and Covariates

Our first research question examined ARDS as an outcome. To
examine factors associated with the development of ARDS, we
examined multiple risk factors (demographic, clinical, and
facility). Our second research question focused on ARDS as
the exposure and hospital mortality (defined as death in the
hospital or hospital discharge disposition indicating “hospice”)
as the primary outcome. Among survivors, we also examined
the following secondary outcomes: 1) Intensive care unit length
of stay, 2) Hospital length of stay, 3) Duration of mechanical
ventilation (among patients receiving mechanical ventilation),
and 4) Tracheostomy and gastrostomy tube utilization, ascer-
tained by ICD-9 procedure codes. Risk factors and covariates
included demographic characteristics (age, gender, race/

ethnicity, payer), clinical characteristics (GCS, injury severity,
admission vital signs, pulmonary and cardiovascular
co-morbidities, need for mechanical ventilation), and facility
characteristics (hospital census region, hospital size, hospital
teaching status, trauma center designation).

Statistical Analysis

Descriptive statistics were used to examine the demographic,
clinical, and facility characteristics of the cohort. We examined
the occurrence of ARDS in the cohort. To examine risk factors
for ARDS, we pre-specified relevant candidate risk factors for
ARDS (demographic, clinical, and facility) in an a priori fash-
ion, based on data availability, biologic plausibility, and expert
opinion; we then included these factors in a multivariable logis-
tic regression model (clustered by facility), with the develop-
ment of ARDS as the primary outcome. To examine the
assoication of ARDS with clinical outcomes, multivariable
logistic regression modeling was used to examine binary out-
comes and multivariable linear regression modeling was used
to examine continuous outcomes. To examine the association
of ARDS and each binary outcome, we conducted multivari-
able analyses (clustered by facility) using logistic regression to
examine adjusted odds ratios for mortality, trachesotomy utili-
zaiton, and gastrostomy utilization; and we conducted linear
regression to examine adjusted mean differences in ICU length
of stay, hospital length of stay, and duration of mechanical
ventilation. For the primary analysis, parsimonious models
examining outcomes were adjusted for a core list of variables,
considered the optimal risk adjustment model for moratity
studies usign NTDB data,25 including injury severity, age,
GCS, admission hypotension (defined as systolic blood pres-
sure < 90 mmHg), admission pulse, and the need for mechan-
ical ventilation (except when duration of mechanical
ventilation was the outcome). To confirm the robustness of
associations observed in the primary analysis, we conducted
sensitivity analyses for each outcome using a model with the
following additional covariates (chosen based on biological
plausibilty and expert opinion): gender, treatment year, pres-
ence of vascular comorbidities, hospital region, hostpial size,
hospital teaching status, and hospital trauma designation. All
analyses were conducted using STATA 15.0 (College Station,
Texas).

Results

Patient Demographic and Clinical Factors

The initial study cohort included 38,213 patients. The occur-
rence of ARDS was 7.5%. Baseline characteristics of the study
population are described in Table 1. Race/ethnicity was com-
parable between those who did and who did not develop ARDS
following severe TBI. Both groups of patients had largely sim-
ilar clinical characteristics with respect to admission GCS,
head AIS, and ISS. Falls were the most common mechanism
of injury, seen in 45.3% for patients who did not develop
ARDS and 39.9% for those who did. Admission hemodynamic
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indicators such as systolic blood pressure and heart rate were
not different in a clinically meaningful way between the groups
that did and did not develop ARDS. We also examined pre-
existing comorbidities and found that in patients who devel-
oped ARDS, there was a higher prevalence of pre-existing
vascular comorbidities (DM, MI, CVA, angina) and severe
chronic lung disease. The proportion of patients across hospi-
tals stratified by profit type and teaching status were compara-
ble among patients that did and did not develop ARDS
(Table 2).

Factors Associated With ARDS Following Isolated
Severe TBI

Table 3 describes factors associated with the development of
ARDS. Increasing age (per each year) was associated with
approximately 0.05% reduced odds of ARDS development
(p ! 0 .006). Higher GCS (p ! 0.003) was associated with
decreased odds of developing ARDS. Admission tachycardia

(p < 0.001), pre-existing vascular comorbidities (p < 0.001),
pre-existing respiratory co-morbidities (p ! 0.037), and devel-
opment of pneumonia (p < 0.001) were associated with
increased odds of developing ARDS.

Association Between ARDS and In-hospital Mortality
and Healthcare Utilization

Table 4 examines the association of ARDS with in-hospital
mortality. The overall mortality was 27.5%—the crude mortal-
ity for the group that developed ARDS (30.6%) was higher than
the group that did not (27.3%). After multivariable analysis, the
development of ARDS was associated with a 13% increased
odds of mortality in severe TBI patients (OR 1.13, 95% CI 1.01
-1.26, P ! 0.029).

Among ARDS patients that did not experience in-hospital
mortality, the development of ARDS was associated with
increased LOS in the hospital (mean difference 6.97 days,
95% CI 5.38-8.56, P < 0.001) as well as ICU (mean difference

Table 1. Demographic and Clinical Patient Characteristics.A

Patient factors No ARDS ARDS Total

# Patients (N) 35,366 (92.6%) 2,847 (7.5%) 38,213
Age (years) 49.8 + 20.5 48.5 + 20.2 49.7 + 20.5
Gender (N, %)

Male 25,902 (73.3%) 2,130 (74.8%) 28,032 (73.4%)
Female 9,446 (26.7%) 717 (25.2%) 10,163 (26.6%)

Race/ethnicity (N,%)B

White (%) 23,885 (67.5%) 2,050 (72.0%) 25,935 (67.9%)
Asian (%) 704 (2.0%) 46 (1.6%) 750 (2.0%)
African Am (%) 3,774 (10.7%) 349 (12.3%) 4,123 (10.8%)
Hispanic (%) 4,095 (11.6%) 231 (8.1%) 4,326 (11.3%)
Other (%) 1,795 (5.1%) 124 (4.4%) 1,919 (5.0%)
Not reported (%) 1,113 (3.2%) 47 (1.7%) 1,160 (3.0%)

Injury Mechanism (%)B

MVT (motorcyclist, cyclist, pedestrian, other) 9,515 (26.9%) 901 (31.7%) 10,416 (27.3%)
Fall 16,018 (45.3%) 1,135 (39.9%) 17,153 (44.9%)
Others 9,833 (27.8%) 811 (28.5%) 10,644 (27.9%)

Admission GCS (mean + SD) 4.2 + 1.8 4.0 + 1.7 4.2 + 1.8
Head AIS score (mean + SD) 4.2 + 0.4 4.1 "/0.4 4.2 + 0.4
Injury Severity score (mean + SD) 20.3 + 5.1 20.7 + 5.3 20.4 + 5.1
SBP (mean + SD) 146 + 33 145 + 33 145 + 33
Admission HR 92 + 25 94 + 25 92 + 25
Mortality (%) 9,638 (27.3%) 870 (30.6%) 10,508 (27.5%)
Payment (%)B

Medicare 3,951 (10.2%) 330(11.6%) 3,951 (10.3%)
Medicaid 1,934 (5.5%) 180 (6.3%) 2,114 (5.5%)
Other 6,953 (19.7%) 721 (25.3%) 3,674 (9.6%)
Not reported 22,858 (64.6%) 1,616 (56.76%) 24,474 (64.1%)

Patient Comorbidity (N, %)
Respiratory DiseaseC 1,750 (5.0%) 176 (6.2%) 1,926 (5.0%)
Smoking 3,540 (10.0%) 233 (8.2%) 3,773 (9.9%)
Vascular ComorbiditiesD 2,558 (7.2%) 354 (12.4%) 3,556 (8.07%)

A—Continuous variables are expressed as means and standard deviations while categorial variables are expressed as count and percentage.
B—Contains missing patient data from NTDB database, which is included in classification of “not reported,” but not “other”; therefore, numbers may not add up
to column total.
C—Respiratory Disease defined as severe chronic lung disease, chronic asthma, cystic fibrosis, or chronic obstructive pulmonary disease (COPD).
D—Vascular comorbidities defined as DM, MI, CVA, and angina.
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4.49 days, 95% CI 3.29-5.68, P < 0.001), increased days on
mechanical ventilation (mean difference 4.85 days, 95% CI
3.86-5.83, P < 0.001), and more than double the odds of tra-
cheostomy (OR 2.70, 95% CI 2.34-3.13, P < 0.001) and gastro-
stomy (OR 2.42, 95% CI 2.06-2.84, P < 0.001) (Table 4).
Sensitivity analysis (Supplement Table 1) demonstrated that
the analyzed outcomes remained robust.

Discussion

In this retrospective cohort study we examined a large multi-
center population of isolated severe TBI patients and found: 1)
The occurrence of ARDS was 7.5%, 2) Multiple patient risk
factors (including age, TBI severity, tachycardia, and pneumo-
nia) were associated with the development of ARDS, and 3)
The development of ARDS was associated with increased
healthcare utilization, with only modestly increased mortality.
Our analysis advances current epidemiological knowledge of
TBI-associated ARDS.

The analysis we present suggests that ARDS following
severe isolated TBI is relatively common. While data on the
precise time course of developing ARDS following TBI is
limited, one study showed that the mean onset was 3 days after
injury,18 lending support to our decision to exclude patients
who died prior to 48 hours. Thus, we selected a population that
was at highest risk for the development of ARDS, as well as at
risk for ARDS-related mortality (rather than mortality more
directly attributable to the TBI itself).

Observations regarding the association between intracranial
injury and pulmonary dysfunction have occurred for
decades.26,27 The mechanism by which this pulmonary injury
occurs has been poorly elucidated but is likely multifactorial.
One thought is that the lung injury occurs secondary to adre-
nergic surge or systemic inflammation.28-33 Supporting this
hypothesis is the report that lung injury may be treated with
alpha adrenergic blockade.34 The lung injury may also be in
part iatrogenic. For example, induced hypertension to maintain
adequate cerebral perfusion pressure in the setting of intracra-
nial hypertension and large tidal volumes may exacerbate pul-
monary dysfunction.35 An additional consideration is whether

Table 2. Geographical and Facility Characteristics.

RegionA No ARDS ARDS Total

Northeast 5,674 (16.0%) 336 (11.8%) 6,010 (15.7%)
Midwest 8,207 (23.2%) 676 (23.7%) 8,883 (23.3%)
West 7,774 (22.0%) 332 (11.7%) 8,106 (21.2%)
South 12,872 (36.4%) 1,482 (52.1%) 14,354 (37.6%)

Bedsize No ARDS ARDS Total

<!200 1,041 (2.9%) 64 (2.3%) 1,105 (2.9%)
201-400 8,118 (23.0%) 375 (13.2%) 8,493 (22.2%)
401-600 11,171 (31.6%) 902 (31.7%) 12,073 (31.6%)
>600 15,036 (42.5%) 1,506 (52.9%) 16,542 (43.3%

TypeA No ARDS ARDS Total

For profit 1,546 (4.4%) 347 (12.2%) 1,893 (5.0%)
Non-profit 22,422 (63.4%) 1,935 (68.0%) 24,357 (63.7%)
N/A 37 (0.1%) 9 (0.3%) 43 (0.1%

Teaching Status No ARDS ARDS Total

Community 12,567 (35.5%) 916 (32.2%) 13,483 (35.3%)
Non-teaching 3,505 (9.9%) 167 (5.9%) 3,672 (9.6%)
University 19,294 (54.6%) 1,764 (62.0%) 21,058 (55.1%)

Level 1 Status No ARDS ARDS Total

Non-level 1 19,971 (56.5%) 1,696 (59.6%) 21,667 (56.7%)
Level 1 15,395 (45.5%) 1,151 (40.4%) 16,546 (43.3%)

A—Contains missing patient data from NTDB database, therefore numbers
may not add up to column total.

Table 3. Factors Associated With ARDS Development.A

Factors Odds ratio 95% CI P-value

Age 0.9953 0.9920 0.9987 0.006
Gender 0.96 0.87 1.07 0.485
GCS 0.95 0.92 0.98 0.003
ISS 1.01 0.99 1.02 0.367
Admission Heart RateB

BradycardiaC 0.96 0.81 1.12 0.583
TachycardiaD 1.2 1.09 1.33 <0.001

Vascular ComorbiditiesE 2.0 1.68 2.44 <0.001
Pre-hospital CPR 0.68 0.24 1.93 0.466
Respiratory DiseaseF 1.23 1.01 1.50 0.037
Pre-injury smoking 0.84 0.65 1.07 0.155
Development of pneumonia 2.68 2.33 3.09 <0.001

A—Multivariable logistic regression model with the following covariates: age,
gender, race/ethnicity, fever, year of treatment, ED GCS, ISS, admission hypo-
tension (SBP < 90), admission tachycardia (HR > 100), presence of vascular
comorbidities (DM, MI, CVA, angina), pre-hospital CPR, presence of respira-
tory comorbidities, development of pneumonia during hospitalization, che-
motherapy prior to hospitalization, facility bed size, facility level 1 trauma
center designation, facility teaching status.
B—Reference group for admission heart rate is defined as 60 <! HR <! 100.
C—Bradycardia defined as HR < 60.
D—Tachycardia defined as HR > 100.
E—Vascular comorbidities defined as DM, MI, CVA, and angina.
F—Respiratory Disease defined as severe chronic lung disease, chronic asthma,
cystic fibrosis, or chronic obstructive pulmonary disease (COPD).

Table 4. Association Between ARDS Mortality and Healthcare
Resources Utilization.A

Outcome Odds ratio (OR) 95% CI P-value

Mortality 1.13 1.01 1.26 0.029
Trach 2.70 2.34 3.13 <0.001
PEG 2.42 2.06 2.84 <0.001

Outcome Coefficient (C) 95% CI P-Value

ICU LOS (days) 4.49 3.29 5.68 <0.001
Hospital LOS (days) 6.97 5.38 8.56 <0.001
Ventilator Days 4.85 3.86 5.83 <0.001

A—Model used Haider21 covariates: age, GCS, injury severity score (ISS),
hypotension (SBP < 90), heart rate, and need for mechanical ventilation.
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an aspiration event at the time of initial trauma may propagate
lung injury.

While varying degrees of lung injury may be a common
complication of severe TBI,5,7,9,17,28,30,35 we observed that
7.5% of patients with isolated severe head injury were docu-
mented as having developed ARDS by either the AECC or the
Berlin defintion. Comparison of our findings with historial data
is hampered in part by inconsistent definitions of lung injury
and ARDS emphasizing the need for an examination of a large
scale modern cohort such as the one we have undertaken. Using
the AECC definition of ARDS, Salim and colleagues36 found
7.7% of 362 TBI survivors developed ARDS. While their study
included a smaller number of patients than the dataset we ana-
lyzed, their results are consistent with our analysis.

We observed an association between vascular risk factors
(composite of myocadial infraction and angina, diabetes mel-
litus, or cerebrovascular accident) and the development of
ARDS. This grouping of risk factors is consistent with previous
literature.37 This finding is partially consistent with the litera-
ture which showed that cardiovascular dysfunction was asso-
ciated with an increased odds of developing ARDS after TBI.17

We observed an association between the development of
ARDS with pre-existing respiratory disease. Additionally, we
observed that younger patients were at higher risk for ARDS
following TBI, possibly explained by a more robust sympa-
thetic nervous system response to injury in this population.

Previous studies have provided conflicting conclusions
regarding whether the development of ARDS affects mortality
in severe TBI. Post-hoc analysis of the approximately 200
patients who developed ARDS as part of the erythropoietin
in TBI study indicated an impact on mortality.18 Similarly,
single center data published by Holland and colleagues showed
a greater than 20% difference in mortality in those who devel-
oped lung injury following TBI.16 In contrast, work by Salim36

and colleagues indicated no such effect. Our work suggests an
increased odds of mortality following the development of
ARDS, although the observed impact on mortality was only
modest.

Our analysis suggests an increased utilization of multiple
aspects of health care in patients who developed ARDS follow-
ing severe TBI, which has been minimally reported in prior
studies of TBI-associated ARDS. These include increased ICU
length of stay, hospital length of stay, number of days on the
ventilator, tracheostomy, and gastrostomy use. The association
with increased tracheostomy and gastrostomy placement is rel-
evant not only for the short-term effects on health care utiliza-
tion, but also on long-term allocation of resources and
outcomes. For example, the presence of a tracheostomy has
been associated with increased rates of 30 day readmission
following surgery for TBI.38

There are several limitations to this study. First, detection of
ARDS in this study depends upon the accurate recognition and
coding of this diagnosis by facilities contributing to the NTDB.
Autopsy studies have indicated that ARDS is underrecognized
by clinicans.39 Additionally, consistent with international con-
vention, the definition of ARDS changed during the study

period. Second, we are unable to differentaite ARDS that
develops as a direct result of severe TBI or of the strategies
employed to manage it. The NTDB does not provide details on
patient management (such as fluid administration or ventilation
strategies) and it is therefore difficult to draw conclusions in
this regard. It is possible that patients who were diagnosed with
ARDS were managed with lung protective strategies not
employed in patients who did not develop ARDS. Low tidal
volume ventilation, for example, has been shown to consis-
tently have an impact on mortality in patients who develop
ARDS from a wide range of etiologies including after severe
TBI.40,41 Additionally, fluid management strategy correlates
with development of ARDS following TBI and cannot be con-
trolled for with the data provided.35 Third, because of the
period of time our analysis covered, the defintion of ARDS
changed in accordance with international standards. This is
important when attempting to directly compare patients
enrolled in the NTDB early in the study period versus late in
the study period. Fourth, our covariate selection method was
based on pre-specified covariates, rather than being data dri-
ven; while this may better support biologic plausibility of our
specified risk factors, it may leave out additional hypothesis-
generating associations. Fifth, the NTDB lacks data on fun-
tional outcome such as that measured by the Glasgow Outcome
Scale. Sixth, despite strict coding criteria used by the NTDB,
there is always the potential for underreporting of ARDS.
Lastly, because our data analysis ends at 2014, a more modern
cohort of patients was excluded. This decision was made
because of the issues regarding outcomes ascertainment from
the ICD-9 to ICD-10 transition which occurred in 2015.

In conclusion, we utilized a large, national dataset to exam-
ine isolated severe TBI, and found an occurrence of ARDS of
7.5%, with several associated risk factors. Furthermore, the
devlopment of ARDS after isloated severe TBI is associated
with increased healthcare utilization, with only modestly
increased mortality. Our analysis provides updated epidemio-
logic data of TBI-associated ARDS, and informs future studies
which should focus on both on prevention and management
strategies specific to TBI-associated ARDS.
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