1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Trauma Acute Care Surg. Author manuscript; available in PMC 2019 July 01.

-, HHS Public Access
«

Published in final edited form as:
J Trauma Acute Care Surg. 2018 July ; 85(1): 148-154. doi:10.1097/TA.0000000000001926.

Health Care Utilization and the Cost of Post-Traumatic ARDS
Care

Anamaria J Robles, MD?, Lucy Z Kornblith, MD1, Carolyn M Hendrickson, MD, MPH?Z,
Benjamin M Howard, MD, MPH1, Amanda S Conroy, BA®, Farzad Moazed, MD?, Carolyn S
Calfee, MD, MAS?2, Mitchell J Cohen, MD3, and Rachael A Callcut, MD, MSPH?

1Department of Surgery, San Francisco General Hospital and the University of California, San
Francisco; San Francisco, California

2Department of Medicine, San Francisco General Hospital and the University of California, San
Francisco; San Francisco, California

3Department of Surgery, Denver Health Medical Center and the University of Colorado; Denver,
Colorado

Abstract

Background—~Post-traumatic acute respiratory distress syndrome (ARDS) is associated with
prolonged mechanical ventilation and longer hospitalizations. The relationship between post-
traumatic ARDS severity and financial burden has not been previously studied. We hypothesized
that increasing severity is associated with incrementally higher health care costs.

Methods—Adults arriving as the highest level of trauma activation were enrolled in an ongoing
prospective cohort study. Patients who survived =6 hours are included in the analysis. Blinded
review of chest radiographs was performed by two independent physicians for any intubated
patient with PaO2:FiO2 ratio (P/F) <300mgHg during the first 8 days of admission. The severity
of ARDS was classified by the Berlin criteria. Hospital charge data was utilized to perform
standard costing analysis.

Results—ARDS occurred in 13% (203/1586). The distribution of disease severity was 33% mild,
42% moderate, and 25% severe. Patients with ARDS were older (41 vs35 years, p<0.01), had
higher median ISS (30 vs10, p<0.01), more chest injury (A1S=3: 51% vs21%, p<0.01), and blunt
mechanisms (85% vs53%, p<0.01). By ARDS severity, there was no significant difference in age,
mechanism, or rate of traumatic brain injury. Increasing ARDS severity was associated with higher
ISS and higher mortality rates. Standardized total hospital charges were four-fold higher for
patients who developed ARDS compared to those who did not develop ARDS ($434K vs $96K,
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p<0.01). Furthermore, the daily hospital charges significantly increased across categories of
worsening ARDS severity (mild $20,451; moderate $23,994; severe $33,316, p<0.01).

Conclusions—The development of post-traumatic ARDS is associated with higher health care
costs. Among trauma patients who develop ARDS, total hospital charges per day increase with
worsening severity of disease. Prevention, early recognition, and treatment of ARDS after trauma
are potentially important objectives for efforts to control health care costs in this population.

Level of Evidence—IV

Study Type—Economic and Value-based Evaluations

Keywords

ARDS; Berlin criteria; cost; trauma

Background

In the United States, injury is the leading cause of death for people 1-44 years of age (1) and
a leading cause of death worldwide (2). The national economic burden of trauma is
extensive as the total lifetime medical and work loss costs due to injury in the United States
was estimated to be $671 billion in 2013 (3, 4). There is a tri-modal distribution of deaths
after injury (5, 6), with a significant proportion of late deaths due to multi-organ failure
(MOF) (7, 8), frequently driven by lung dysfunction (9). Since the initial recognition of
acute lung injury as a clinical entity by Ashbaugh et al. in 1967 (10), it has undergone
multiple iterations. Acute respiratory distress syndrome (ARDS) was formally defined at the
American-European Consensus Conference in 1994 (11) and most recently revised with the
gradation of hypoxemia in the Berlin definition in 2012 (12). ARDS is associated with
significant morbidity and mortality in critically ill patients, with an estimated national
incidence of 200,000 cases per year, representing nearly 15% of all intensive care unit
admissions (ICU) and with a mortality ranging from 30% to 60% (13-16).

The etiology of post-traumatic ARDS is hypothesized to be heterogeneous, related to both
direct and indirect insults in addition to the complex milieu of systemic inflammation and
infection (17). A recent meta-analysis showed an estimated incidence of ARDS after injury
of 8.4%, with no change in incidence over the past three decades despite a myriad of
changes in trauma systems, patient management and public health priorities (18). Further,
lung injury after trauma continues to be associated with an extensive burden of mortality
(19) with a nearly three-fold higher mortality rate in critically ill severely injured patients
(20).

Although there are no data specific to trauma patients regarding the cost associated with
ARDS, the cost outcomes of patients suffering ARDS from primarily medical illness
demonstrate that many die after protracted and costly treatment courses (21-23). The
incremental financial burden associated with increasing post-traumatic ARDS severity has
not been previously studied. This study investigates the costs associated with post-traumatic
ARDS and across ARDS categories classified by Berlin criteria.
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This study is a secondary analysis of a prospective cohort study of all highest-level
activation trauma patients at a single urban Level 1 trauma center. Comprehensive
demographic, injury, clinical, and outcome data were collected upon arrival and up to 28
days for 1586 of the highest-level adult trauma activation subjects surviving more than six
hours after injury from 2005-2016 at Zuckerberg San Francisco General Hospital. Patients
were divided into those who developed ARDS by the Berlin criteria and compared to those
without ARDS (Supplemental Digital Content 1: Study Design Figure). Subset analyses
were performed in intubated patients with and without ARDS (Supplemental Digital Content
2 and 3). ARDS severity was classified by the degree of hypoxemia per the Berlin criteria:
mild (200< PaO2:FiO2 ratio (P/F) <300), moderate (100<P/F<200), and severe (P/F<100)
(12). The Glasgow coma scores (GCS) used was the first recorded score in the Emergency
Department (ED). Multi-organ failure (MOF) was defined using the Denver Post-Injury
Multiple Organ Failure Score (24). Ventilator free days were counted for the first 28 days of
hospitalization. Subjects who expired received zero ventilator free days.

To adjudicate the criteria of bilateral infiltrates, two expert critical care physicians blindly
reviewed all chest x-rays (CXRs) from the first 8 days of care for enrolled subjects with a
documented P/F ratio of <300mgHg (25). Confirmation of P/F ratio of <300mgHg at time of
positive CXR and positive end-expiratory pressure (PEEP) =5 mmHg was performed on all
subjects. Imaging studies were classified as “positive,” “negative,” or “equivocal” for the
presence of bilateral infiltrates. “Equivocal” studies represented those images for which
consensus could not be reached between expert reviewers. In the absence of volume
overload or left heart failure, the time of onset of ARDS was determined as the first CXR
adjudicated as “positive” for presence of bilateral infiltrates.

To exclude patients with CXR findings of bilateral infiltrates as a result of volume overload,
left heart failure and volume status was adjudicated from echocardiogram reports and chart
review. If an echocardiogram was performed for clinical care within 24 hours of the
qualifying film for ARDS, reports were evaluated for the presence of moderate to severe left
ventricular dysfunction or intravascular volume overload. If the subject did not have an
echocardiogram performed, or if moderate systolic dysfunction was present, clinical records
were reviewed for information regarding the clinical assessment of the presence of
cardiogenic pulmonary edema. Subjects were excluded from analysis if cardiogenic
pulmonary edema, gross volume overload requiring diuresis, or severe left ventricular
systolic dysfunction was present.

Hospital charge data was utilized to perform standard costing analysis. Standard costing is a
technique extrapolated from business where the practice of substituting an expected cost for
an actual cost is done to benchmark future performance against or to compare current
performance across groups (26-29). This analytic approach is commonly used in economic
evaluations to minimize the effect of outliers and in situations where actual cost collection is
challenging. In this method, data are grouped by common features to calculate the total cost
for a group; either a mean per unit cost or a median cost can be calculated. This standardized
cost is then applied to the members of the group to represent the expected cost for an
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episode of care for patients with a similar feature of interest. Variance or differences in cost
are then able to be calculated between and within groups for comparisons.

Total hospital charges were utilized in this standardized costing analysis. Hospital charge
data provides a relative measure of the ‘cost’ of episodes of care, as actual cost data are
generally not ascertainable in the health care setting. To estimate the median hospital charge
per patient and minimize the effect of outliers due to prolonged and costly hospitalizations,
we utilized this previously described standardized costing technique (26) through applying
an expected daily standardized hospital charge to each patient's length of stay. The median
standardized hospital charge was then analyzed by category to compare the attributable costs
and differences related to ARDS development and by ARDS severity subtype.

Data are presented as mean (standard deviation), median (interquartile range), or percentage;
univariate comparisons were made using Student's ¢test for normally distributed data,
Wilcoxon rank sum or Kruskal-Wallis testing for nonparametric data, and Fisher's exact test
for proportions. An [alpha] < 0.05 was considered significant. All analysis was performed
using Stata version 14 (StataCorp, College Station, TX). The study was approved by the
Institutional Review Board.

Results

Total Cohort

During the ten-year study period, 1586 subjects were enrolled in the study and survived at
least 6 hours after injury. Overall, 34 subjects were excluded due to the development of
respiratory failure attributable to left heart failure or cardiogenic pulmonary edema (n=12),
respiratory failure but equivocal CXR findings for bilateral infiltrates (n=19), or presence of
bilateral infiltrates without hypoxemia (n=3). The remaining 1552 patients were included in
the analysis. The cohort was primarily male (82%), white (58%), and bluntly injured (57%)
with one third (34%) diagnosed with traumatic brain injury (TBI). The mean age of subjects
was 40 years, the median injury severity score (ISS) was 13, and 28-day mortality was 13%.
Overall, 53% were intubated on admission day. ARDS diagnosed by Berlin criteria was
present in 13% (203/1586) of the cohort (Table 1). Of the ARDS patients, 33% (n=67) had
mild hypoxemia (200<P/F<300), 42% (n=86) had moderate hypoxemia (100<P/F<200), and
25% (n=50) had severe hypoxemia (P/F<100).

Those subjects who developed ARDS were older (41 vs 35 years, p<0.01), had higher
median 1SS (30 vs 10, p<0.01), and more suffered blunt mechanism of injury (85% vs 53%,
p<0.01: Table 1). There was no difference in gender. ARDS subjects were both more likely
to have any chest injury (median abbreviated injury score (AIS): 3 vs 0, p<0.01), severe
chest injury (chest AIS=3: 51% vs 21%, p<0.01), suffered rib fractures (45 vs 20%, p<0.01)
and nearly all were intubated on admission day (96% vs 47%, p<0.01). Subjects who
developed ARDS had lower median GCS on presentation (8 vs 14, p<0.01), were more
likely to have head injury (median head AlS; 4 vs 0, p<0.01) and be diagnosed with TBI
(67% vs 28%, p<0.01). Those who developed ARDS were more likely to be insured (77% vs
62%, p<0.01).
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At presentation, subjects who developed ARDS had greater hemodynamic instability, with
more subjects having tachycardia (admission heart rate >110 bpm: 44% vs 26%, p<0.01)
and hypotension (admission systolic blood pressure <90 mmHg: 13% vs 8%, p<0.01). Those
with ARDS had worsened acidosis at presentation (admit base excess: -6.8 vs -3.1. p<0.01)
and were more likely to require any transfusion at both six (69% vs 29%, p<0.01) and
twenty-four hours (74% vs 33%, p<0.01: Table 1). In comparing the 880 patients who were
intubated during their clinical course, the subjects who developed ARDS still had more blunt
injury, higher ISS, higher rates of all head and thoracic trauma injury and were more likely
to need transfusion at 6 and 24 hours (Supplemental Digital Content 2).

For those with ARDS, there was no difference in age, gender, body mass index (BMl),
mechanism of injury, or presence of TBI by ARDS severity (Table 2). At presentation, there
was also no difference in initial hemodynamics. With regards to torso trauma, there was no
difference in median chest AlS, proportion of subjects with any chest injury or severe chest
injury, nor percentage of subjects with rib fractures. Although there was a statistically
significant difference across ARDS severity by median 1SS (mild 29, moderate 34, severe
30, p=0.04), in comparing the moderate to the severe ARDS group, there was no significant
difference in ISS (p=0.82). There was no difference in transfusion at 6 hours but there was a
significant increase in receiving any transfusion at 24 hours by ARDS severity (mild 64%,
moderate 76%, severe 84%, p=0.05).

Hospital Charges & Outcomes

Although there was no statistically significant difference in charge per day between those
with and without ARDS, median actual total hospital charge was over three-fold higher in
subjects with ARDS ($451K vs $106K, p<0.01). Standardized total hospital charges were
four-fold higher in those with ARDS compared to those without ($434K vs $96K, p<0.01;
Table 3). This increase in overall hospital charges reflects the longer hospital (18 vs 4 days,
p<0.01) and ICU stays (14 vs 2 days, p<0.01), and reflects the severity of illness of the
ARDS patients (ventilator-free days 3 vs 27 days, £<0.01; MOF 41% vs 3%, p<0.01).
ARDS patients had markedly higher mortality, with one-third of ARDS patients deceased at
28 days (33%) and discharge (36%), compared to 10% of patients at both time points
without ARDS (both p<0.01). In comparing only patients who were intubated during their
clinical course, there continued to be no significant difference in charge per day between
those with and without ARDS, with ARDS patients continuing to have higher total and
standardized hospital charges, length of hospital and ICU admissions, and mortality
(Supplemental Digital Content 3).

Amongst the patients with ARDS, the highest total standardized charge per day was
associated with severe ARDS (mild $20,451; moderate $23,994; severe $33,316; p<0.01,
Table 4). Severe ARDS patients had increased mortality with half of the subjects with severe
ARDS dying by 28 days (50%), compared to one-third of those with moderate ARDS (33%)
and almost a quarter of those with mild ARDS (21%, p<0.01 for both). The total
standardized hospital charge for the entire episode of care was therefore inversely related to
ARDS severity (mild $580K, moderate $495K, severe $338K, p<0.01) because the number
of hospital days were lower in the severe ARDS patients (0<0.01). In fact, compared to
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those with mild/moderate ARDS, those with severe ARDS had only 14 total hospital days
versus 24 days for the mild group and 21 days for the moderate group (p<0.01).

Impact of Survival Status on Hospital Charges

For those with ARDS, subgroup analyses were performed assessing the role of mortality on
length of stay and cost. For ARDS survivors, there was no statistically significant difference
by severity for hospital or ICU length of stay; there was also no difference in charge per day
(Table 5). In contrast, for those ARDS patients deceased at discharge, there was a significant
increase in charge per day by ARDS severity (mild $26,925; moderate $31,783; severe
$43,380; p=0.01; Table 6). Those with severe ARDS died sooner than those suffering mild
or moderate ARDS, incurring less total hospital charges (mild $266K, moderate $217K,
severe $121K, p=0.08), with a trend towards fewer hospital (mild/moderate 9 days, severe 5
days, p=0.10) and ICU days (mild 11 days, moderate 9 days, severe 5 days, £=0.08). In
those without ARDS, we also investigated the impact of survival status on hospital costs and
found that those who died were especially costly at $38,801 per day. In contrast, those who
survived without ARDS only cost $22,476 per day.

Discussion

The impact of ARDS on mortality after injury is well-established (7-9, 11, 12, 24, 30),
however, there is no previous data in trauma patients focusing on the cost associated with
developing post-traumatic ARDS by Berlin criteria. In this study, those who developed
ARDS were more likely to be older, suffer blunt injury, be severely injured, and have severe
chest and head injury. Similar to cost analyses in medical patients, ARDS patients in this
study had significantly longer ICU and hospital stays and fewer ventilator free days
compared to those without ARDS. The net economic effect was higher total hospital charges
in those with post-traumatic ARDS compared to patients without ARDS.

Using a standard costing approach, this study found that length of stay appears to be a major
driver of the total health care charges associated with ARDS. The net standardized charge
per day between those with and without ARDS was not statistically different. This finding
supports that length of stay is a potential modifiable driver of total cost of caring for ARDS
patients. However, once one develops ARDS, there is a proportional increase in the charge
per day that is incurred with increasing disease severity — especially in those who die during
the index trauma hospitalization. It is likely that the increased charges per day are not only
related to ARDS but also reflect the overall injury severity and critical illness after injury
that contribute to the development and severity of ARDS. This is supported by the findings
of increasing ISS, mortality, and incidence of MOF with worsening hypoxemia category by
Berlin criteria. Unfortunately, injury factors are largely non-modifiable as they are fixed by
the initial injury pattern and there is an increased cost of caring for sicker patients (15, 31,
32).

We initially hypothesized that ARDS patients would have higher costs per day due to
apparent greater severity of illness by median ISS, increased need for transfusion, and
incidence of severe TBI compared to the non-ARDS patients. However, our data

demonstrated similar per day patient costs when analyzed in aggregate categories and
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therefore, we performed further subset analysis to elucidate the potential underlying
contributing factors. The severe ARDS patient median cost per day exceeds that of the non-
ARDS patients (severe ARDS $33,316 vs. non- ARDS $23,514), consistent with the finding
of severe ARDS patients being more ill overall. In addition, when we further separated the
non-ARDS patients by those who survived or died by discharge, a similar pattern was found
wherein the non-survivors had markedly higher costs ($38,801 vs. $22,476); suggesting that
degree of illness is the major driver of hospital costs. In addition, these non-ARDS patients
included a higher percentage of penetrating trauma where ISS can often underrepresent
severity of injury.

There are multiple interconnected factors that impact the cost of intensive care and ARDS.
Unfortunately, when ARDS develops care is largely supportive and there are minimal
modifiable risk factors identified thus far that can be changed to augment the disease course
or decrease mortality in this patient population, despite many advances in modern critical
care. This supportive ICU care expends a significant amount of hospital resources; patients
in the intensive care unit have higher total costs and longer lengths of stay than patients who
do not require ICU care (33) and ICU care is estimated to be responsible for at least 13.4%
of total yearly U.S. hospital costs (34). In addition, critically ill patients who require
mechanical ventilation incur an estimated national cost of $27 billion yearly, representing
nearly one-third of all ICU costs, 12% of all hospital costs and consume a significant
proportion of hospital and critical care resources (35). Studies on the outcomes and costs of
ARDS have shown that the index ICU stay is responsible for much of the incremental cost
associated with an episode of care (36-38). Further, studies have shown that the majority of
ICU costs are “fixed” and occur regardless of patient quantity and thoroughfare, making
efforts to minimize cost fraught with institutional barriers and complexities (39).

Since the introduction of the Berlin definition, there is increasing literature regarding the
epidemiology and outcomes of modern ARDS patients fulfilling the Berlin definition. Two
studies have been recently published on the expected distribution of ARDS severity; a
German-based cross sectional observational study (40) most frequently reported moderate
ARDS (48%), followed by severe (38%) and mild (14%) disease. In contrast, a recent large,
international prospective observational ARDS study by Bellani et al. (41) reported a more
even distribution of mild (30%), moderate (47%), and severe (23%) ARDS with an ARDS
prevalence of 10.4% of ICU admissions and a nearly 40% mortality. Using blindly
adjudicated chest radiograph findings, we found a similar distribution of ARDS severity
with 33% of our patients suffering mild ARDS, 42% moderate, and 25% severe. Our
mortality was also similar with 33% overall and 53% in the severe ARDS group.

Examining charges by ARDS severity is important given that similar to Bellani et al. we
found those suffering severe ARDS died sooner and more often than those with mild or
moderate disease. Thus, total hospital charges were lower due to the shorter overall hospital
stays. If one were to only examine total hospital charges and not perform a standard costing
analysis or a per unit charge analysis, the net economic impact of ARDS severity would be
grossly underestimated. However, with standard costing, it is clear that these patients incur
markedly more charges than those with less severe disease per unit of health care consumed
as represented by the standard per day hospital charge. This is most prominently
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demonstrated by the effect of ARDS severity on hospital charges per day for patients who
died with severe illness compared with mild or moderate illness.

Our study has several strengths including the rigorous adjudication of ARDS. We used a
standardized costing approach which allows for understanding the effect of length of stay
and associated procedures, and minimizes the impact of outliers with lengthy or
disproportionately costly hospitalizations. There is limited information regarding the cost of
post-traumatic ARDS; prior cost analyses have also not assessed the impact of the Berlin
categories on cost and hospital length of stay. This study is an important contribution
towards defining the cost of ARDS development in trauma patients by severity and assessing
the contributions of mortality and length of stay on resource utilization.

Our study has some limitations. It is a single center study and this may limit the
generalizability of our findings, although the distribution of ARDS by severity category and
non-economic outcomes are consistent with the recent large study of ARDS patients in 50
countries by Bellani et al. (41). Although using absolute charges would not be translatable to
other regions of the country and centers, a standard costing approach allows for comparison
of expected to observed costs as a method of relative benchmarking similar to cost to charge
ratios. While standardized costing analysis controls for important drivers of health care costs
and is a well-accepted method to account for the total burden of resources required for an
episode of care, it is not possible with this methodology to definitively demonstrate that
ARDS is the isolated cause of the difference in standardized charges as we cannot describe
the incremental cost of each potential risk factor and are limited to the goal of assessing only
overall effect. Further, it is not possible due to limitations in the data to definitely conclude
why the non-ARDS patients per day cost is similar. Importantly, only select operative data
was collected and it is possible that the non-ARDS patients required either more
interventions overall or costlier operative interventions such as orthopedic surgeries with
hardware. As ARDS is associated with increasing injury severity, the charge difference also
likely reflects in part the differences in the care rendered for specific injuries and increased
severity. Additionally, our hospital system is limited in providing only summary total
hospital charges and not itemized charges for each patient; therefore, we are unable to
determine incremental breakdown of costs related to the total hospital charge, which would
be an important analysis in assessing interventions to reduce the costs of care.

Conclusion

The development of post-traumatic ARDS is associated with higher health care costs.
Among trauma patients who develop ARDS, hospital charges per day increase with
worsening severity of disease and hypoxemia. The majority of factors contributing to the
development or severity of post-traumatic ARDS are non-modifiable risk factors. The only
modifiable risk factors identified for the development or severity of ARDS were transfusion
variables within the first 24 hours. Given the profound morbidity and mortality associated
with post-traumatic ARDS, ongoing investigations of ideal transfusion parameters and
practices in the era of balanced resuscitation will be critical to alleviating the cost and
burden of ARDS in trauma populations. Further, protective strategies to prevent or mitigate
ARDS after trauma are essential to controlling health care costs and should be prioritized.
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Table 1
Subjects without and with ARDS
No ARDS ARDS p-value
n=1349 (87%) n=203 (13%)
Age (years) 35 (25-51) 41 (27-54) <0.01
Male gender (%0) 82% 83% 0.77
BMI (kg/m2) 27 +/-5 27 +/-6 0.07
Blunt mechanism (%) 53% 84% <0.01
Uninsured (%) 38% 23% <0.01
ED GCS 14 (8-15) 8 (3-14) <0.01
Admit SBP <90 mmHg (%) 8% 13% 0.02
Admit HR >110 BPM (%) 26% 44% <0.01
1SS 10 (2-24) 30 (25-41) <0.01
Head AIS 0(0-3) 4 (2-5) <0.01
Chest AIS 0(0-2) 3(0-4) <0.01
Any chest injury (AlIS>0), n (%) 413 (31%) 123 (61%) <0.01
Any severe chest injury (AIS23),n (%) 284 (21%) 103 (51%) <0.01
Any rib fracture(s), n (%) 276 (20%) 92 (45%) <0.01
Intubated on admission day, n (%) 632 (47%) 195 (96%) <0.01
Any TBI, n (%) 384 (28%) 137 (67%) <0.01
Admit base excess -3.1+/-5.9 -6.8+/-6.2 <0.01
Any transfusion within 6h, n (%) 391 (29%) 137 (69%) <0.01
Any transfusion within 24h, n (%) 439 (33%) 148 (74%) <0.01

Page 12

*
Data are mean +/- SD, median (inter-quartile range), or n (%) as indicated. Data for skewed variables reported as median with inter-quartile

ranges. Injury Severity Score (ISS); Abbreviated injury score (AlS), traumatic brain injury (TBI)
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Table 2

Patient Demographics/Outcomes by ARDS severity

Mild ARDS Moderate ARDS Severe ARDS  p-value
n=67 n=86 n=50
Age (years) 45 (27-60) 41 (27-54) 36 (27-52) 0.18
Male gender 88% T7% 86% 0.16
BMI (kg/m2) 27 +/-5 28 +/-7 28 +/-5 0.78
Blunt mechanism (%) 79% 88% 84% 0.32
Uninsured (%) 19% 21% 32% 0.23
ED GCS 10 (5-14) 8 (4-11) 7 (3-14) 0.37
Admit SBP <90 mm Hg (%) 7% 12% 24% 0.29
Admit HR >110 BPM (%) 48% 49% 36% 0.45
1SS 29 (22-34) 34 (25-43) 30 (25-45) 0.04
Head AIS 4 (2-5) 5 (2-5) 5(0-5) 0.15
Chest AIS 2(0-3) 3(0-4) 3(0-4) 0.12
Any chest injury (AlIS>0), n (%) 36 (54%) 54 (63%) 36 (66%) 0.35
Any severe chest injury (AIS=3), n (%) 28 (42%) 47 (55%) 28 (56%) 0.20
Any rib fracture(s), n (%) 24 (36%) 44 (52%) 24 (48%) 0.15
Intubated on admission day (%) 62 (93%) 84 (98%) 49 (98%) 0.30
Any TBI, n (%) 46 (67%) 59 (69%) 32 (64%) 0.84
Any transfusion within 6h, n (%) 40 (62%) 59 (69%) 38 (78%) 0.20
Any transfusion within 24h, n (%) 42 (64%) 65 (76%) 41 (84%) 0.05

Page 13

*
Data are mean +/- SD, median (inter-quartile range), or n (%) as indicated. Data for skewed variables reported as median with inter-quartile
ranges. Injury Severity Score (ISS); Abbreviated injury score (AlS), traumatic brain injury (TBI).
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Table 3
Hospital Charges & Outcomes for those without and with ARDS

No ARDS ARDS p-value
n=1349 (87%) n=203 (13%)
Total hospital charge ($) 106,430 (49,453-225,623) 450,888 (224,901-827,5290)  <0.01
Charge per day ($) 23,514 (17,389-31,291) 24,446 (14,989-34,044) 0.66
Standard total hospital charge ($) 96,588 (48,294-265,617) 434,646 (21,7323-990,027) <0.01
Ventilator free days 27 (25-28) 3(0-17) <0.01
ICU days 2 (0-4) 14 (6-23) <0.01
Hospital days 4 (2-11) 18 (9-41) <0.01
MOF (%) 3% 41% <0.01
Mortality at 28 days (%) 10% 33% <0.01

*

Data are mean +/- SD, median (inter-quartile range), or n (%) as indicated. Data for skewed variables reported as median with inter-quartile
ranges. Ventilator free days are counted for the first 28 days of hospitalization. Subjects who expired received 0 ventilator free days. Intensive care
unit (ICU); multiple organ failure (MOF).
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Table 4
Hospital Charges & Outcomes of ARDS Patients by Disease Severity

Mild ARDS Moderate ARDS Severe ARDS p-value
n=67 n=86 n=50
Total hospital charge ($) 462,417 (264,993-920,018) 489,330 (254,829-773,073) 311,017 (179,427-802,498) 0.35
Charge per day ($) 20,451 (13,398-28,133) 23,994 (14,989-32,768) 33,316 (17,175-120,735)  <0.01
Standard total hospital charge ($) 579,528 (265,617-123,497) 495,013 (265,617-1,014,174) 338,058 (120,735-603,675)  <0.01
Ventilator free days 10 (0-21) 3 (0-15) 0 (0-10) 0.03
ICU days 14 (7-24) 14 (8-24) 10 (4-22) 0.14
Hospital days 24 (11-51) 21 (11-42) 14 (5-25) 0.01
MOF (%) 23% 45% 58% <0.01
Mortality at 28 days (%) 21% 33% 50% <0.01

*

Data are mean +/- SD, median (inter-quartile range), or n (%) as indicated. Data for skewed variables reported as median with inter-quartile
ranges. Ventilator free days are counted for the first 28 days of hospitalization. Subjects who expired received 0 ventilator free days. Intensive care
unit (ICU); multiple organ failure (MOF).
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Table 5
Outcomes for ARDS Survivors at Discharge
Mild ARDS Moderate ARDS Severe ARDS p-value
n=51 n=55 n=24
Total hospital charge ($) 598,373 (294,475-933,216) 590,800 (402,658-861,691) 673,565 (394,118-1,028,822) 0.74
Charge per day ($) 17,127 (12,154-26,297) 18,913 (12,298-28,449) 19,096 (13,613-34,225) 0.42
Standard total hospital charge 724,410 (338,058-1,448,820) 724,410 (410,499-1,303,938) 591,602 (386,352-1,002,101) 0.69
®) .
Ventilator free days 16 (0-23) 12 (3-19) 10 (6-20) 0.35
ICU days 14 (9-24) 18 (11-26) 20 (11-27) 0.35
Hospital days 30 (14-60) 30 (17-54) 25 (16-42) 0.70
MOF (%) 27% 45% 54% 0.05

*
Data are mean +/- SD, median (inter-quartile range), or n (%) as indicated. Data for skewed variables reported as median with inter-quartile
ranges. Ventilator free days are counted for the first 28 days of hospitalization. Subjects who expired received 0 ventilator free days. Intensive care

unit (ICU); multiple organ failure (MOF).
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Table 6
Outcomes for Deceased ARDS Patients at Discharge
Mild ARDS Moderate ARDS Severe ARDS p-value
n=16 n=31 n=26
Total hospital charge ($) 309,149 (184,706-475,944) 287,408 (125,047-474,431) 210,630 (145,417-305,520) 0.52
Charge per day ($) 26,925 (22,592-34,985) 31,783 (19,559-40,272) 43,380 (31,550-58,992) 0.01
Standard total hospital charge ($) 265,617 (108,662-495,013) 217,323 (72,441-338,058) 120,735 (72,441-265,617) 0.08
Ventilator free days 0 (0-0) 0 (0-0) 0 (0-0) 0.32
ICU days 9 (5-21) 9 (3-13) 5 (3-11) 0.10
Hospital days 11 (5-21) 9 (3-14) 5(3-11) 0.08
MOF (%) 6% 45% 62% <0.01

*
Data are mean +/- SD, median (inter-quartile range), or n (%) as indicated. Data for skewed variables reported as median with inter-quartile
ranges. Ventilator free days are counted for the first 28 days of hospitalization. Subjects who expired received 0 ventilator free days. Intensive care

unit (ICU); multiple organ failure (MOF).
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