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Abstract

Background: Improved understanding of the relationship between patient age and acute 

respiratory distress syndrome (ARDS) development and mortality following traumatic injury may 

help facilitate generation of new hypotheses about ARDS pathophysiology and the role of novel 

treatments to improve outcomes across the age spectrum.

Methods: We conducted a retrospective cohort study of trauma patients included in the National 

Trauma Data Bank who were admitted to an intensive care unit from 2007–2016. We determined 

ARDS incidence and mortality across eight age groups for the entire 10-year study period and by 

year. We used generalized linear Poisson regression models adjusted for underlying mortality risk 

(injury mechanism, Injury Severity Score, admission Glasgow Coma Scale score, admission heart 

rate, and admission hypotension).

Results: ARDS occurred in 3.1% of 1,297,190 trauma encounters. ARDS incidence was lowest 

among pediatric patients and highest among adults ages 35–64. ARDS mortality was highest 

among patients ≥80 years (43.9%) followed by 65–79 years (30.6%) and ≤4 years (25.3%). The 

relative risk of mortality associated with ARDS was highest among the pediatric age groups, with 

an adjusted relative risk (aRR) of 2.06 (95% CI 1.72–2.70) among patients ≤4 years old compared 

to an aRR of 1.51 (95% CI 1.42–1.62) for the entire cohort. ARDS mortality increased over the 

Address correspondence to:Elizabeth Y. Killien, MD, Harborview Injury Prevention and Research Center, Seattle Children’s 
Hospital, Pediatric Critical Care Medicine, FA 2.112, 4800 Sand Point Way NE, Seattle, WA 98105, 
elizabeth.killien@seattlechildrens.org, Phone: (206) 744-9464, Fax: (206) 987-3866. BM: brmills@uw.edu; MSV: vavilala@uw.edu; 
RSW: scott.watson@seattlechildrens.org; GEO: gokeefe@uw.edu; FPR: fpr@uw.edu.
Author Contributions: Dr. Killien conceptualized and designed the study, performed data analysis, and drafted the manuscript. Dr. 
Mills oversaw study design and data analysis. Drs. Vavilala and Rivara oversaw study conceptualization and data interpretation. Drs. 
Watson and O’Keefe assisted with study design and critical revisions. All authors reviewed and revised the manuscript.

Conflicts of Interest: The authors have no conflicts of interest relevant to this article to disclose

HHS Public Access
Author manuscript
J Trauma Acute Care Surg. Author manuscript; available in PMC 2020 May 01.

Published in final edited form as:
J Trauma Acute Care Surg. 2019 May ; 86(5): 844–852. doi:10.1097/TA.0000000000002202.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ten-year study period (aRR 1.03/year, 95% CI 1.02–1.05), while all-cause mortality decreased 

(aRR 0.98/year, 95% CI 0.98–0.99).

Conclusions: While ARDS development following traumatic injury was most common in 

middle-aged adults, patients ≤4 years and ≥65 years with ARDS experienced the highest burden of 

mortality. Children ≤4 years were disproportionately affected by ARDS relative to their low 

underlying mortality following trauma that was not complicated by ARDS. ARDS-associated 

mortality following trauma has worsened over the past decade, emphasizing the need for new 

prevention and treatment strategies.
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Background

Acute respiratory distress syndrome (ARDS) is a life-threatening complication of many 

pulmonary and extra-pulmonary insults that impacts patients across the age spectrum. 

Severe traumatic injury is a well-described trigger for ARDS, with 5–10% of adult trauma 

patients1–4 and up to 19% of adult trauma patients requiring intensive care unit (ICU) care5 

developing ARDS. Most studies of injured adults with ARDS have found a mortality rate of 

16–24%,2,3,6–9 with estimates as high as 35–45% in severely ill cohorts.1,10 The 

epidemiology of ARDS in the pediatric trauma population is not well described; the only 

study to date found an incidence of 1.8% with 20.0% mortality.11 Direct comparisons of 

ARDS epidemiology among trauma patients across the age spectrum have not been 

performed, and may facilitate improved understanding of ARDS pathophysiology following 

traumatic injury.

In general, pediatric ARDS of all etiologies is associated with lower incidence and mortality 

than ARDS in adults.12,13 Population-based ARDS-associated mortality rates are lowest in 

young children and rise with each sequentially older age group.13 The trauma population, 

however, has different demographic characteristics and underlying risk factors compared to 

patients with ARDS due to other etiologies such as sepsis or pneumonia. Adult trauma 

patients tend to be younger than adults hospitalized with medical conditions14,15 and have 

lower rates of immunosuppression and chronic comorbidities,15,16 which are associated with 

higher ARDS mortality.17,18 In contrast, pediatric trauma patients tend to be older than 

pediatric medical ICU patients.19,20 It is therefore unclear whether the trends across the age 

spectrum seen in ARDS as a whole are true for the trauma population as well.

It is also unknown whether trends in ARDS mortality over time are similar for the trauma 

population and for patients of different ages. A meta-analysis of adult ARDS of all 

etiologies found a linear reduction in mortality from 1994–2006,21 and population-based 

ARDS mortality rates decreased from 1999–2013.13 In contrast, a meta-analysis found no 

decrease in pediatric ARDS mortality from 1994–2014.22 In the trauma population, several 

adult single-center studies found declining mortality rates in the 1980s-1990s,23–25 but more 

recent data have not been published.
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The aims of this study were to evaluate how the incidence and all-cause mortality associated 

with post-traumatic ARDS differ across the age spectrum, and how ARDS-associated 

mortality has changed over the past decade among different age groups. We hypothesized 

that pediatric patients would have a lower incidence of ARDS compared to adults, but that 

ARDS-associated mortality would be highest among both the youngest and oldest patients. 

Improved understanding of how the risk for ARDS development and subsequent mortality 

varies across the trauma population and over time is essential to be able to target improved 

prevention and treatment strategies for the highest risk groups and monitor progress over 

time.

Methods

Study design and participants:

We conducted a retrospective analysis of the National Trauma Data Bank (NTDB)26 

research datasets from 2007–2016 to identify all trauma patients with ≥1 ICU day at a Level 

I or II adult or pediatric trauma center, based on either state or American College of 

Surgeons designation. We identified encounters with and without ARDS recorded in the 

NTDB as a hospital complication. The NTDB defined ARDS by American-European 

Consensus Conference (AECC) criteria27 through 2011, modified Berlin criteria28 from 

2012–2014, and full Berlin criteria from 2015–2016 (Supplemental Digital Content 1). 

NTDB registrars record ARDS for patients who meet the designated criteria during the 

initial post-injury hospitalization based on review of physician notes, radiology reports, 

respiratory notes, lab reports, nursing charting, and discharge summaries.

We excluded patients who sustained burn- or drowning-related injuries given a different 

physiologic mechanism and risk for ARDS development than patients with traumatic injury. 

We also excluded patients from 14 facilities (n=22,737, 1.7%) that did not routinely report 

hospital complications to the NTDB. Finally, we excluded patients with no age recorded 

(n=37,631, 3.0%). The NTDB has not identified age of patients >90 years since 2011 and <1 

year since 2016 due to privacy concerns.

Outcomes:

We assessed the incidence and in-hospital case-fatality of ARDS among eight age 

categories: ≤4 years, 5–12 years, 13–17 years, 18–34 years, 35–49 years, 50–64 years, 65–

79 years, and ≥80 years. Age categories were initially developed a priori based on 

developmental stage and published literature on pediatric age-based vital signs,29,30 and 

combined post-hoc at natural cut-points for ARDS incidence and mortality. We evaluated 

whether ARDS mortality changed over the ten-year study period for the entire population 

and among the different age groups. We also determined the frequency of post-discharge 

care (home care, inpatient rehabilitation, skilled nursing facilities, long-term care facilities, 

and other inpatient care) among survivors to hospital discharge.

Comorbidities:

The NTDB records the presence of 28 pre-existing conditions, from which we calculated a 

modified Charlson Comorbidity Index (mCCI)31 based on algorithms previously published 
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using the NTDB.32,33 We did not include age in the mCCI to allow comparison of 

comorbidity status across the age spectrum. We grouped mCCI comorbidities into seven 

categories for analysis (respiratory, cardiovascular, renal, hepatic, neurologic, diabetes, and 

cancer). Our algorithm is detailed in Supplemental Digital Content 2.

Confounders:

We assessed crude mortality rates and mortality risk adjusted for known confounders. The 

choice of covariates to use for risk adjustment was based on Haider et al.’s description of the 

minimum set of confounders needed to adequately adjust for underlying risk of mortality in 

the NTDB.34 Those authors found that the best risk adjustment model, with an area under 

the receiver operating characteristics curve of 0.9578 for mortality prediction, included six 

covariates: age, Injury Severity Score (ISS), admission heart rate, admission hypotension, 

total Glasgow Coma Scale (GCS) score at admission, and need for ventilator use. Injury 

mechanism was added to a model for patients with an ISS >15. Given that the median ISS of 

our cohort was 15, we included injury mechanism in our risk adjustment model; we also 

adjusted for comorbidity burden using mCCI. We excluded mechanical ventilation as a 

covariate given collinearity with ARDS. We also adjusted all analyses for admission year 

and transfer status. For analyses in which age was a stratifying variable, we thus adjusted for 

mCCI, total ISS, admission heart rate, admission hypotension, total admission GCS, injury 

mechanism, year, and transfer status; analyses with year as a stratifying variable included 

linear splines of age as covariates. Hypotension and heart rate were categorized using age-

adjusted normative values for patients ≤17 years old,29,35 and per Haider et al.’s 

categorization for adults.34

Statistical analysis:

We determined the distribution of demographic, injury, and clinical characteristics for 

patients with and without ARDS for the entire cohort and by age group. We assessed the 

frequency of any comorbidity (mCCI ≥1) among patients with and without ARDS and by 

age group, and the type of comorbidity by mCCI category. We estimated associations 

between the presence of any comorbidity and each comorbidity category with ARDS 

development and death using bivariate generalized linear Poisson regression models.

We calculated the incidence of ARDS for each of the age groups and compared the 

incidence across age groups using a generalized linear Poisson regression model. We 

determined frequency of mortality and post-discharge care for patients with and without 

ARDS for each age group and estimated associations between ARDS and risk of death and 

post-discharge care for each age group using bivariate generalized linear Poisson regression 

models. We then estimated adjusted associations between age group and ARDS 

development, death, and post-discharge care by including the pre-determined covariates in 

multivariable Poisson regression models. To evaluate for potential survivor bias as the date 

of onset of ARDS is not included in the NTDB, we conducted sensitivity analyses of our 

primary models including only patients with a length of stay (LOS) of ≥3 days.

We then calculated the annual all-cause mortality rate and mortality rate for patients with 

ARDS from 2007–2016. We compared the risk of death by year and determined the annual 
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linear trend for mortality for each of the age groups using bivariate and multivariable 

Poisson regression. We clustered all bivariate and multivariable regressions by facility. We 

conducted all analyses using Stata/SE 14.2 statistical software (StataCorp LP, College 

Station, TX).

This study was exempt from review by the University of Washington Institutional Review 

Board as data were de-identified and not considered to involve human subjects.

Results

Characteristics of the patient population

Over the ten years of NTDB data evaluated, 1,297,190 trauma encounters from 474 facilities 

met inclusion criteria, including encounters with 148,749 pediatric patients ≤17 years old 

(11.5%), 808,834 patients 18–64 years old (62.4%), and 339,607 patients ≥65 years old 

(26.2%). The overall incidence of ARDS among all encounters was 3.1% (n=39,732). 

Patients with ARDS were more likely to be male (73.6% vs 68.9%) and non-Hispanic white 

(70.1% vs 65.3%), and more commonly had an mCCI ≥1 (27.5% vs 21.6%). The most 

common mechanism of injury among ARDS patients was motor vehicle crashes (41.9%), 

while falls were the most common injury mechanism among non-ARDS patients (35.4%). 

The rate of serious head injury (Abbreviated Injury Scale severity score ≥3) was similar 

(47.6% vs 44.1%), but ARDS patients had a higher occurrence of serious chest injury 

(48.3% vs 27.0%). ARDS patients had a higher median ISS (22 vs 14) and were more likely 

to have an abnormal heartrate and hypotension on admission (Table 1).

The distribution of demographic and injury characteristics differed by age group 

(Supplemental Digital Content 3). Patients ≤17 years were less commonly non-Hispanic 

white, had fewer comorbidities, and were more commonly involved in pedestrian/cyclist 

injuries compared to adult patients. Adults ≥65 years were more evenly split by gender 

compared to the younger age groups, and nearly 50% had an mCCI ≥1. Over 70% of injuries 

in this age group were due to falls. Adults ≥65 years had a higher GCS and lower frequency 

of abnormal hemodynamics on presentation compared to the younger age groups. Adults 

18–64 years had the highest median ISS, highest frequency of serious chest injury, lowest 

presenting GCS, and highest frequency of hypotension compared to younger and older 

patients.

Association of comorbidities with ARDS incidence and mortality:

The presence of an mCCI ≥1 was associated with a 36% higher risk of developing ARDS 

relative to having an mCCI of 0 (95% CI 1.23–1.49). Of the seven mCCI categories 

evaluated, respiratory disease, cardiovascular disease, hepatic disease, and diabetes were all 

associated with higher risk of ARDS relative to not having those conditions, but there was 

no association between chronic renal failure, neurologic conditions, or cancer with ARDS 

development. Among patients with ARDS, the risk of mortality was 36% higher among 

patients with an mCCI ≥1 relative to those with an mCCI of 0 (95% CI 1.29–1.44). The risk 

of death associated with ARDS was highest among patients with renal disease, cancer, and 

hepatic disease (Table 2).
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ARDS incidence across ages:

The incidence of an ARDS diagnosis was lowest among 5–12-year-olds (1.4%) and ≤4-year-

olds (1.6%), and highest among 35–49-year-olds (3.5%) and 50–64-year-olds (3.5%). After 

adjusting for the predetermined covariates, all pediatric age groups were less likely to 

receive an ARDS diagnosis relative to patients ages 18–34, and all older age groups were 

more likely (Supplemental Digital Content 4).

ARDS mortality across ages:

The overall in-hospital all-cause mortality rate among ARDS patients was 22.8% compared 

to a mortality rate of 8.0% among non-ARDS patients. The unadjusted RR for mortality 

among ARDS patients compared to patients without ARDS was 2.84 (95% CI 2.66–3.03). 

After adjusting for underlying risk of mortality, the adjusted RR for death associated with 

ARDS was 1.51 (95% CI 1.42–1.62). Median time to death was 8 days (IQR 3–15) among 

ARDS patients and 3 days (IQR 1–8) among patients without ARDS; time to death was 

shortest among patients ≤4 years for both ARDS (3 days, IQR 2–5) and non-ARDS cohorts 

(2 days, IQR 1–4) and longer with each advancing age group until age 65–79 (ARDS 10 

days [4–17]; non-ARDS 4 days [2–10]).

ARDS mortality was highest at the extremes of the age spectrum (Figure 1). Mortality was 

25.3% among patients ≤4 years with ARDS, fell to <20% for all age groups between 5 and 

49 years, and then rose again to 21.5% for 50–64-year-olds, 30.6% for 65–79-year-olds, and 

43.9% among patients ≥80 years. In contrast, mortality among patients without ARDS was 

low across the pediatric age spectrum at 5.3% among patients ≤4 years, dropping to 3.0% 

among 5–12-year-olds, then rising steadily with each sequentially older age group to a peak 

of 15.8% among those ≥80 years.

The risk of mortality among patients with ARDS relative to patients without ARDS was 

highest among the three pediatric age groups and lower with each subsequent age group to a 

nadir among patients aged 65–79 years followed by a slight rise among patients ≥80 years. 

After adjustment for underlying mortality risk, patients ≤4 years experienced the highest risk 

of mortality associated with ARDS (aRR 2.06, 95% CI 1.72–2.70) (Table 3).

Among patients with ARDS, the risk of ARDS-associated mortality was highest among 

patients ≥80 years relative to those 18–34 years both before and after adjustment for 

underlying risk of mortality, followed by patients 65–79 years and patients ≤4 years (Table 

4). Exclusion of patients with a LOS <3 days did not change the trends in ARDS-associated 

mortality across age groups (Supplemental Digital Content 5).

Trends over time:

The annual mortality rate for ARDS gradually rose over the course of the ten years 

evaluated, from 20.5–21.3% in 2007–2009 up to 26.6–27.4% in 2014–2016 (Figure 2). The 

risk of mortality among ARDS patients increased by 3% per year (95% CI 1.02–1.05) both 

before and after risk adjustment. All-cause mortality ranged from 8.2–9.7% annually, with a 

slight negative linear trend before (RR 0.98/year, 95% CI 0.97–0.98) and after (aRR 0.98/

year, 95% CI 0.98–0.99) risk adjustment. All age groups between 18 and 79 years had a 
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rising annual ARDS mortality rate, while the remaining age groups did not demonstrate any 

linear trend in mortality over the course of the study period.

Outcomes among survivors:

Among survivors to hospital discharge, median LOS was 20 days (IQR 12–32) for patients 

with ARDS and 6 days (IRQ 3–12) for patients without ARDS; LOS was shortest in the 

youngest and oldest age groups. LOS increased slightly over the course of the study duration 

for ARDS survivors (0.30 days/year, 95% CI 0.20–0.40) and decreased for non-ARDS 

patients (−0.08 days/year, −0.09 – −0.07). Of patients who survived ARDS, 71.1% required 

ongoing care after discharge, compared to 42.7% of survivors without ARDS. The frequency 

of post-discharge care was lowest among patients ≤4 years both with ARDS (41.5%) and 

without ARDS (10.5%), and rose with sequentially older age groups to a peak among 

patients ≥80 years, with 92.8% of ARDS survivors and 77.7% of survivors without ARDS 

requiring post-discharge care. Patients of all ages with ARDS were significantly more likely 

than patients without ARDS to require post-discharge care after risk adjustment 

(Supplemental Digital Content 6).

Discussion

This ten-year evaluation of nearly 1.3 million encounters with critically injured trauma 

patients demonstrates that the risk of ARDS development and ARDS-associated all-cause 

mortality following traumatic injury varied considerably across the age spectrum. While 

middle-aged adults represented the majority of the trauma population included in the NTDB 

and were the most likely to be diagnosed with ARDS, patients at the extremes of age 

experienced the highest burden of mortality associated with ARDS. The risk of death among 

patients ≤4 years and those ≥65 years remained disproportionately elevated even after 

adjustment for comorbidities, injury mechanism and severity, hemodynamic abnormalities, 

and GCS.

The lower incidence of ARDS among older adults appears to be largely related to their lower 

injury severity, higher GCS, and less hemodynamic instability compared to younger patients. 

Before adjustment for these covariates, the unadjusted risk of ARDS was highest among 35–

64-year-olds and sequentially lower in patients aged 65–79 years and ≥80 years, consistent 

with prior literature in trauma patients.36 After risk adjustment, however, patients age 65 and 

older had the highest risk of ARDS development of any of the age groups. In contrast, 

pediatric patients had relatively similar injury severity, GCS, and hemodynamics compared 

to adults, suggesting that the lower incidence of ARDS in the pediatric population may be 

more attributable to differences in underlying biologic mechanisms of ARDS development 

or differences in diagnosis patterns given the use of adult ARDS criteria.

While patients at the extremes of age were the least likely to be diagnosed with ARDS, they 

were the most likely to die if they did develop it. Previous studies of adults with ARDS of all 

etiologies have consistently established a higher risk of mortality with advancing age,13,37,38 

and our data demonstrate that this remains true in the trauma population despite less severe 

illness at admission among patients over age 65 compared to younger adults. Because older 

patients experienced a high risk for mortality both before and after adjustment for 
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confounders, many of the factors contributing to such high mortality may be unrelated to the 

injury itself or the clinical status at the time of hospital presentation. The role of underlying 

comorbidities in ARDS development and mortality is well-described;38–40 the fact that 

nearly 50% of adults ≥65 had an mCCI ≥1 compared to only 14% of younger adults and 5% 

of pediatric patients likely contributed greatly to their susceptibility to ARDS despite their 

lower injury severity. This is consistent with previous findings demonstrating that the 

presence of pre-existing medical conditions in trauma patients has a substantial impact on 

mortality among patients with minor and moderate injuries, while comorbidities do not 

further increase the risk for mortality among patients with severe injuries.16 Older adults 

may also have been more likely than younger adults and children to have had limitations of 

life-sustaining therapy following an ARDS diagnosis given the known high risk of mortality 

associated with ARDS in these age groups.13,37,38

While the risk of mortality among patients with ARDS was highest in those ages 65 and 

older, patients in this age group also experienced the highest non-ARDS mortality. In 

contrast, pediatric patients experienced low non-ARDS mortality, but a much higher 

mortality risk associated with ARDS, with 4.2–5.3 times higher mortality among patients 

who developed ARDS compared to those who did not. This suggests that the variety of 

factors that provide relative protection against mortality for pediatric trauma patients 

compared to adults, including differences in injury mechanism, pre-existing health status, 

biomechanics, and the immunologic and inflammatory response to injury, may not be as 

protective in the setting of ARDS.

The risk of mortality associated with ARDS was particularly striking among patients age 

four and younger, whose absolute mortality rate of 25.3% was higher than any other age 

group until age 65 and older and was nearly five times their non-ARDS mortality rate. This 

was not explainable by factors present on hospital arrival; compared to older pediatric 

patients, those ≤4 years had lower rates of comorbidities, lower median ISS, lower frequency 

of hemodynamic abnormalities, and similar GCS. They did have a markedly higher 

frequency of serious head injuries compared to patients aged 5–17 (63% versus 44%), but 

the risk of mortality associated with head injury in this age group was in fact higher among 

those without ARDS than with ARDS. Previous studies of all-cause ARDS in pediatric 

patients have not found an association with younger age and higher risk of mortality,17,41 

and one evaluation of the Berlin definition in children <18 months with a variety of ARDS 

etiologies found a mortality rate of 17.2%,42 much lower than the mortality rate in our 

cohort for this age group. Further evaluation of in-hospital and quality of care factors is 

needed to better understand why the youngest trauma patients experience such a 

substantially higher risk of mortality after developing ARDS compared to older trauma 

patients and young children with medical triggers for ARDS.

The morbidity associated with ARDS among survivors to discharge was also substantial, 

with prolonged hospitalizations and high rates of post-discharge care across the age 

spectrum. ARDS survivors were nearly twice as likely to require ongoing care after 

discharge than non-ARDS patients even after adjusting for factors such as injury severity, 

serious neurologic injury, and chronic comorbidities. In contrast to the trends observed with 

mortality, however, the frequency of post-discharge care was lowest among the younger age 
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groups and rose with advancing age; this is most likely attributable to lack of care facilities 

for young patients, greater ease of administering care in the home, and lower rates of chronic 

comorbidities.

Finally, we found that ARDS-associated mortality in the trauma population increased 

steadily over the past decade, in contrast to a general downtrend in mortality for all-cause 

ARDS from the mid-1990s through 2006–2013.13,21 This does not appear to be due to 

changes in injury factors or patient demographics, as all-cause mortality in this cohort 

declined steadily over the same time period. Although changes in fluid and transfusion 

practices and ventilator strategy may have contributed to improved management of post-

traumatic ARDS in the early 2000s,43 our findings suggest that this progress has not been 

sustained over the most recent decade. It has been demonstrated that adherence to standard 

treatment protocols is associated with reduction in organ failure and mortality after trauma,
44 suggesting that further efforts to develop processes of care across the broader range of 

trauma centers included in the NTDB may help improve outcomes among critically injured 

patients.

Limitations:

This study had several limitations. The NTDB expanded considerable over the study period, 

and thus while it is now felt to be representative of all US trauma centers, trends over the 10-

year period may not be nationally representative given changes in the characteristics of the 

facilities included. Additionally, we cannot verify the accuracy of the ARDS diagnoses as 

recorded by NTDB registrars. While registrars are given clear guidelines for chart 

abstraction for ARDS with well-defined and standardized criteria across facilities, there 

remains a possibility of misclassification bias. The ARDS criteria used by the NTDB 

changed over the course of the 10-year time period, and thus annual incidence and mortality 

may have been affected by these definitional changes. Previous studies have found that while 

ARDS incidence varies slightly between the AECC and Berlin definitions, mortality is very 

similar in both adult45,46 and pediatric47 patients. We thus elected not to evaluate ARDS 

incidence by year but believe that annual mortality estimates are likely comparable across 

the study period. Analyses in which year was not the primary exposure variable were 

adjusted by year to mitigate any effects of definition changes.

The NTDB has not yet adopted pediatric ARDS consensus criteria (PALICC) published in 

2015,48 and thus pediatric patients were diagnosed with ARDS based on adult consensus 

definitions, which likely underestimate ARDS incidence in children.49 Based on recent 

studies demonstrating that children with more severe disease are identified by both PALICC 

criteria and AECC/Berlin criteria,47,50 our cohort likely represents a more severely ill 

subpopulation of the patients who would have been identified by PALICC criteria.

While we based our risk adjustment strategy on previously published recommendations for 

evaluating trauma mortality in the NTDB, there may have been additional confounders of 

the association between ARDS and mortality that we did not include. We also used the same 

covariates identified for mortality risk adjustment to adjust for ARDS incidence and risk of 

post-discharge care across age groups, which have not been validated but likely approximate 
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the actual confounders of the association between age and ARDS development and 

morbidity.

Conclusions:

While post-traumatic ARDS most commonly occurs in middle-aged adults, patients at the 

extremes of age experience the highest burden of mortality associated with ARDS. Over 

one-quarter of patients ≤4 years and ≥65 years who develop ARDS after trauma die despite 

admission with lower injury severity, less hemodynamic instability, and higher GCS 

compared to the remainder of the trauma population. This is most likely attributable to 

comorbid medical conditions and frailty in the older population, but pediatric patients 

experience ARDS mortality after trauma out of proportion to their underlying post-trauma 

mortality risk and what has been previously reported for pediatric mortality due to other 

ARDS etiologies. Mortality associated with post-traumatic ARDS has risen steadily over the 

past decade, underscoring the need for new prevention and treatment strategies to improve 

outcomes for patients following trauma.
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Figure 1: 
Frequency of mortality among patients with and without ARDS by age
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Figure 2: 
Trends in mortality among patients with ARDS from 2007–2016, stratified by age group
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Table 1:

Characteristics of intensive care unit patients with and without ARDS included in the National Trauma Data 

Bank, 2007–2016

Patient or injury characteristic Patients with ARDS No. (%) (n=39,732, 
3.1%)

Patients without ARDS No. (%) 
(n=1,257,458, 96.9%)

Age (years), mean (± SD) 47.4 (+22.0) 46.0 (+24.0)

Male gender 29,225 (73.6) 865,322 (68.9)

Race/ethnicity

  Non-Hispanic White 27,828 (70.1) 819,496 (65.3)

  Non-Hispanic African American 5,620 (14.2) 156,814 (12.5)

  Hispanic 3,339 (8.4) 149,237 (11.9)

  Asian/Pacific Islander 808 (2.0) 29,115 (2.3)

  Other/Unknown/Multiracial 2,086 (5.3) 99,835 (8.0)

Modified Charlson Comorbidity Index ≥1 10,907 (27.5) 271,769 (21.6)

Mechanism of injury

  Motor vehicle crash 16,491 (41.9) 378,718 (30.4)

  Fall 10,534 (26.8) 441,127 (35.4)

  Pedestrian/cyclist 3,213 (8.2) 99,946 (8.0)

  Firearm 2,920 (7.4) 78,617 (6.3)

  Struck by/against 1,530 (3.9) 82,394 (6.6)

  Other 4,650 (11.8) 164,693 (13.2)

Injury type

  Blunt 33,791 (86.1) 1059,970 (85.7)

  Penetrating 3,730 (9.5) 119,694 (9.7)

  Other 1,719 (4.4) 57,884 (4.7)

Injury Severity Score, median (IQR) 22 (14–30) 14 (9–22)

Head injury with AIS ≥3 18,448 (47.6) 542,839 (44.1)

Chest injury with AIS ≥3 18,730 (48.3) 332,200 (27.0)

Hypotensive on admission
a 4,030 (10.4) 60,760 (5.0)

Heart rate on admission
a

  Pulseless 194 (0.5) 3,017 (0.3)

  Bradycardic 2,025 (5.2) 65,347 (5.3)

  Normal 18,599 (48.1) 732,345 (59.6)

  Tachycardic 17,869 (46.2) 427,769 (34.8)

Glasgow Coma Scale score on admission

  3 12,351 (32.3) 164,136 (13.7)

  4–5 1,065 (2.8) 16,356 (1.4)

  6–8 2,850 (7.5) 52,785 (4.4)

  9–12 2,937 (7.7) 69,163 (5.8)

  13–15 19,018 (49.8) 899,675 (74.8)

ARDS, acute respiratory distress syndrome; SD, standard deviation; IQR, interquartile range; AIS, Abbreviated Injury Scale severity score
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a
Categorized using age-adjusted norms33−35
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Table 2:

Association between comorbid conditions and ARDS development and mortality

Comorbidity ARDS (%) No ARDS (%) ARDS Development ARDS Mortality

RR
a 95% CI RR

b 95% CI

mCCI ≥1 10,907 (27.5) 271,769 (21.6) 1.36 1.23 – 1.49 1.36 1.29 – 1.44

Respiratory 3,564 (9.0) 78,962 (6.3) 1.45 1.31 – 1.61 1.08 1.01 – 1.17

Cardiovascular 2,807 (7.1) 52,451 (4.2) 1.71 1.52 – 1.92 1.51 1.42 – 1.62

Renal 393 (1.0) 12,019 (1.0) 1.03 0.86 – 1.25 1.90 1.69 – 2.14

Hepatic 625 (1.6) 10,409 (0.8) 1.86 1.61 – 2.16 1.78 1.60 – 1.98

Neurologic 2,157 (5.4) 62,246 (5.0) 1.10 0.95 – 1.27 1.57 1.45 – 1.69

Diabetes/PVD 5,240 (13.2) 136,399 (10.9) 1.24 1.14 – 1.35 1.22 1.16 – 1.29

Cancer 289 (0.7) 9,719 (0.8) 0.94 0.77 – 1.15 1.83 1.57 – 2.13

ARDS, acute respiratory distress syndrome; RR, relative risk; CI, confidence interval; mCCI, modified Charlson Comorbidity Index; PVD, 
peripheral vascular disease

a
Risk of ARDS relative to patients without that comorbidity

b
Risk of death among patients with ARDS relative to not having that comorbidity
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Table 3:

Risk of death associated with ARDS, stratified by age group

Age Group ARDS deaths (%) Non-ARDS deaths (%) Unadjusted RR 95% CI Adjusted RR
a 95% CI

Entire Cohort 9045 (22.8) 100699 (8.0) 2.84 2.66 – 3.03 1.51 1.42 – 1.62

≤4 years 169 (25.3) 2209 (5.3) 4.78 3.86 – 5.93 2.06 1.72 – 2.70

5–12 years 89 (15.8) 1193 (3.0) 5.34 4.20 – 6.79 1.92 1.44 – 2.57

13–17 years 265 (19.3) 2913 (4.6) 4.21 3.74 – 4.74 1.30 1.15 – 1.47

18–34 years 1809 (17.1) 18536 (5.7) 2.97 2.70 – 3.27 1.30 1.20 – 1.41

35–49 years 1316 (17.3) 12668 (6.0) 2.91 2.64 – 3.19 1.35 1.22 – 1.50

50–64 years 1907 (21.5) 19284 (8.0) 2.70 2.49 – 2.93 1.47 1.36 – 1.60

65–79 years 1973 (30.6) 22353 (11.7) 2.62 2.47 – 2.79 1.67 1.56 – 1.80

≥80 years 1517 (43.9) 21543 (15.8) 2.78 2.62 – 2.96 1.87 1.73 – 2.03

ARDS, acute respiratory distress syndrome; RR, relative risk; CI, confidence interval

a
Adjusted relative risks are adjusted for modified Charlson Comorbidity Index, injury mechanism, Injury Severity Score, admission heart rate, 

admission hypotension, admission total Glasgow Coma Scale score, year, and transfer status
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Table 4:

Risk of in-hospital mortality among patients with ARDS by age group

Age Group Number of deaths (%) Unadjusted RR 95% CI Adjusted RR
a 95% CI

≤4 years 169 (25.3) 1.48 1.21 – 1.82 1.53 1.26 – 1.86

5–12 years 89 (15.8) 0.93 0.75 – 1.15 0.96 0.77 – 1.19

13–17 years 265 (19.3) 1.13 1.01 – 1.26 1.11 1.00 – 1.23

18–34 years 1809 (17.1) Ref Ref

35–49 years 1316 (17.3) 1.01 0.95 – 1.08 1.09 1.02 – 1.17

50–64 years 1907 (21.5) 1.26 1.18 – 1.34 1.44 1.35 – 1.53

65–79 years 1973 (30.6) 1.79 1.66 – 1.93 2.19 2.03 – 2.36

≥80 years 1517 (43.9) 2.57 2.34 – 2.83 3.36 3.08 – 3.67

ARDS, acute respiratory distress syndrome; RR, relative risk; CI, confidence interval

a
Adjusted relative risks are adjusted for modified Charlson Comorbidity Index, injury mechanism, Injury Severity Score, admission heart rate, 

admission hypotension, admission total Glasgow Coma Scale score, year, and transfer status
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