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Abstract
Background—The diagnosis of acute lung injury (ALI) is based on a consensus clinical
definition. Despite the simplicity of this definition, ALI remains underdiagnosed and undertreated.
Severe trauma is a well-described cause of ALI that represents a relatively homogeneous subset of
ALI patients. The goals of this study were to develop a panel of plasma biomarkers to facilitate
diagnosis of trauma-induced ALI and to enhance our understanding of the pathogenesis of human
ALI.

Methods—A retrospective nested case control of 192 patients admitted to the trauma intensive
care unit (ICU) at a university hospital between 2002 and 2006. We compared 107 patients with
ALI to 85 patients without ALI. Plasma was collected within 72 h of ICU admission. Twenty-one
plasma biomarkers were measured in duplicate in each plasma sample.

Results—Patients with ALI had higher severity of illness scores, more days of mechanical
ventilation, longer hospital stays and higher mortality versus controls. Seven biomarkers (RAGE,
PCPIII, BNP, ANG2, IL10, TNF-α, and IL8) had a high diagnostic accuracy as reflected by the
area under the receiver operating characteristic curve of 0.86 (95% CI 0.82 – 0.92) in
differentiating ALI from controls.

Conclusions—A model utilizing seven plasma biomarkers had a high diagnostic accuracy in
differentiating patients with trauma-induced ALI from trauma patients without ALI. In addition,
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use of a panel of biomarkers provides insight into the likely importance of alveolar epithelial
injury in the pathogenesis of early acute lung injury.

Keywords
Acute respiratory distress syndrome; acute pulmonary edema; pulmonary contusion; alveolar
epithelium

Introduction
Acute lung injury (ALI) and the acute respiratory distress syndrome (ARDS) are common
complications in patients with traumatic injuries 1. Trauma-associated ALI/ARDS has a
lower mortality than ALI/ARDS associated with sepsis or other clinical risk factors such as
pneumonia, pancreatitis or aspiration, possibly implying a different mechanism or
pathological basis for the disease 1–7. Despite the evidence that the pathophysiology of ALI/
ARDS may differ depending on the underlying clinical disorder, the current clinical standard
for diagnosis of ALI/ARDS is the 1994 American-European Consensus Criteria, which does
not take into account the underlying cause of ALI/ARDS 8. The Consensus definition
includes: 1) the acute onset of bilateral infiltrates on chest radiograph, 2) a low ratio of
partial pressure of arterial oxygen to the fraction of inhaled oxygen, and 3) the absence of
clinical evidence of left atrial hypertension 8. Because these are all clinical criteria, the
definition does not account for the underlying biological and pathological mechanisms.
Furthermore, despite the simplicity of the Consensus Criteria, ALI and ARDS are
underdiagnosed and undertreated 9,10.

Recent studies evaluating biomarkers in patients with ALI/ARDS have identified a number
of markers that are predictive of clinical outcomes; these studies have also provided insight
into the underlying pathogenetic mechanisms of ALI/ARDS 1,11–15. Biomarkers that are
specific to inflammation, endothelial activation and injury, lung epithelial injury, and
disordered coagulation and fibrinolysis have all been previously shown to help differentiate
patients with ALI/ARDS 11–17. In a recent study, Calfee and colleagues 1 compared a panel
of 8 biomarkers in patients with traumatic ALI/ARDS to patients with nontraumatic ALI/
ARDS. They found significant differences in 6 of the 8 biomarkers that were evaluated. This
study, however, did not examine the role that biomarkers might play in the diagnosis of ALI/
ARDS.

In the current study, the primary objective was to develop and test a panel of biomarkers that
could assist in the diagnosis of acute lung injury, thus facilitating early and appropriate
treatment. Given the several biologic pathways involved in the development of ALI/
ARDS 7,18, we hypothesized that a panel of multiple biomarkers reflecting inflammation,
lung epithelial and endothelial injury, fibrosis and dysregulated coagulation and fibrinolysis
would have better sensitivity and specificity for diagnosis of ALI/ARDS than any single
biomarker. Further, use of a panel of biomarkers makes it possible to assess biochemical
markers of injury for their pathogenetic value in the early phase of ALI/ARDS. In order to
limit biologic variability and clinical heterogeneity, we focused on patients with a single risk
factor for acute lung injury, severe trauma.

Materials and Methods
Patients

We conducted a retrospective nested case control study using a prospectively collected
database of 1020 critically injured patients admitted to the trauma intensive care units from
June 2002 to May 2006. Both the data within the database and the matching plasma samples
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were collected as part of a prospective observational study evaluating the role of gender in
the incidence and outcome of ICU infection rates 19–22. All critically injured patients greater
than 18 years of age that had an ICU stay of greater than 48 hours were entered into the
original cohort. Patients within the original cohort who had chest radiographs and a study
blood draw obtained within the first three ICU days were entered into the current study.

Selection of Cases and Controls
Chest radiographs and clinical data were reviewed by two of the authors (R.F, L.W.) for all
1020 patients enrolled in the parent study. Control patients included patients with clear chest
radiographs during the first 7 days in the hospital (n = 74) and patients with clinical and
radiographic evidence of cardiogenic or hydrostatic pulmonary edema on the chest
radiograph that corresponded with the available plasma sample (n = 11). Distinction of
cardiogenic pulmonary edema from ALI/ARDS was based on published algorithms 23 and
review of the medical record and included radiographic findings of increased cardiothoracic
ratio and widened vascular pedicle width 24,25 as well as clinical data such as invasive
hemodynamic measurements, echocardiography or evidence of myocardial ischemia. Case
(ALI/ARDS) patients had the acute onset of bilateral radiographic infiltrates and met the
Consensus definition for ALI/ARDS8 within 72 hours of admission to the ICU (n = 107),
with PaO2/FiO2 less than or equal to 300 for ALI and less than or equal to 200 for ARDS
and no clinical or radiographic evidence for a cardiogenic cause of acute pulmonary edema.
Patients with unilateral infiltrates or contusions were not included in the current study.
Arterial blood gases obtained within the 24 hours prior to and the 24 hours after the study
blood draw were used to ascertain whether patients met the oxygenation criteria for ALI/
ARDS.

Biomarker plasma measurements
A panel of 21 biomarkers was measured in duplicate in banked plasma samples on each
patient. Cytokines and markers of inflammation including interleukin-1 beta (IL-1β),
interleukin-2 (IL-2), interleukin-4 (IL-4), interleukin-5 (IL-5), interleukin-6 (IL-6),
interleukin-8 (IL-8), interleukin-10 (IL-10), interleukin-12 p70 (IL-12p70), interferon
gamma (IFN-λ), granulocyte macrophage colony stimulating factor (GM-CSF) and tumor
necrosis factor alpha (TNF-α) were measured by bead-based cytokine array (LINCO
Research, St. Charles, MO). The remaining biomarkers were measured using commercially
available singleplex ELISA kits including surfactant protein-D (SP-D) (Yamasa
Corporation, Tokyo, Japan), Clara cell secretory protein (CC16) (BioVendor, Candler, NC),
receptor for advanced glycation end-products (RAGE) (R & D Systems, Minneapolis MN),
angiopoietin-2 (ANG-2) (R & D Systems, Minneapolis MN), von-Willebrand factor antigen
(VWF) (Diagnostica Stago,Parsippany, NJ), myeloperoxidase (MPO) (ALPCO, Salem,
NH), soluble intracellular adhesion molecule-1 (sICAM1) (R & D Systems, Minneapolis
MN), plasminogen activator inhibitor-1 (PAI-1) (American Diagnostica, Stamford CT),
brain natriuretic peptide (BNP) (Peninsula Laboratories, San Carlos CA). Procollagen
peptide III (PCP III) was measured by radioimmunoassay (Peninsula Laboratories, San
Carlos CA).

Clinical Data
Clinical data were obtained on each patient by prospective chart review by dedicated
research personnel as part of the parent study. We included pulmonary artery catheter data
when available as well as severity of illness scores: acute physiology and chronic health
evaluation II (APACHE II) 26, injury severity score (ISS) 27 and trauma related injury
severity score (TRISS) 28. Classification of patients as having hydrostatic pulmonary edema
was based on echocardiography data (when available), pulmonary artery catheter data (if
available), vascular pedicle width (VPW) 29, clinical history of a myocardial infarction or
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treating physicians’ documentation of cardiogenic pulmonary edema on either progress
notes or discharge summaries.

Statistical Analysis
Baseline demographic and clinical variables for all patients were assessed using Wilcoxon
rank sum tests for continuous variables and Fisher exact tests for categorical variables. All
values for biomarkers underwent logarithmic transformation to stabilize variance. Values
below the detection limit were imputed at half the lower limit of detection for each
biomarker.

Because there were 21 potential biomarker variables, it was necessary to reduce the number
of candidate variables before multivariable logistic regression models could be considered.
Due to inadequate plasma sample volume, there was one patient who was missing data on
all 21 biomarker variables, and this patient was removed from the subsequent analysis. Four
additional patients were missing data on the 11 biomarker variables measured on the bead-
based cytokine array. Additionally, two patients were missing data on IL-5, and one on
PCPIII, respectively. These 7 (3.7%) patients were removed from the variable-selection
process described below; removal of such a small proportion of the data would not be
expected to affect the conclusion significantly 30. The strength of the marginal relationship
(Spearman’s rank correlation coefficient) to the response variable was used to eliminate
variables that showed only a very weak relation. With the reduced number of candidate
variables, we used a backward elimination model building strategy on 500 bootstrapped data
to choose variables for further consideration. For every bootstrap sample, a full model with
all the variables in consideration was constructed. Then, the variable with the largest P value
(Wald test) was dropped, and a new model was fitted with one fewer variables. This
backward elimination process was repeated until only one variable was retained. The
predictors were then ranked from most significant (the last one to remain in the model) to
least significant (the first one eliminated). The average rank was used to select the variables
for further consideration. Pair-wise Spearman’s rank correlations among the candidate
covariates were also considered in selecting these variables.

Using the variables selected in the previous steps, a multivariable logistic regression model
was constructed. The final model included all variables selected in the previous step; no
reduction of the model was attempted to avoid overfitting. From each model, we computed
the predicted probability of ALI for each individual and computed Receiver Operating
Characteristics (ROC) curves and their areas under the curve (AUC), which is reported with
a 95% bootstrap confidence interval 31. All analyses were carried out with R version 2.7.0
(R Foundation for Statistical Computing, Vienna, Austria).

Results
Of the 192 patients enrolled in this study, 107 were diagnosed with ALI/ARDS, 74 patients
had clear chest radiographs and no evidence of acute lung injury, and 11 patients had
bilateral radiographic infiltrates due to hydrostatic edema. For the primary analysis, patients
with clear radiographs (n=74) and patients with bilateral infiltrates due to hydrostatic edema
(n=11) were considered to be controls (total of 85), and patients with ALI/ARDS were
considered to be cases. Table 1 shows the clinical characteristics of the cases and controls.
Both cases and controls were profoundly hypoxemic with median lowest PaO2/FiO2 ratios
on the day of enrollment of less than 200 indicating that oxygenation alone was not
sufficient to distinguish between patients with ALI/ARDS and patients with clear chest
radiographs or hydrostatic pulmonary edema. Among the patients with ALI/ARDS, all
patients had a PaO2/FiO2 ratio less than 200 (maximum 199) indicating that all met
diagnostic criteria for ARDS8. Patients in the ALI/ARDS group were more severely ill
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based on the APACHE II, ISS and TRISS scores than the patients without ALI. Patients
with ALI had more days of mechanical ventilation, more days in the ICU and higher
mortality than patients without ALI. Although measurements were available only in a
subgroup, control patients with hydrostatic pulmonary edema had higher CVP compared to
case patients with ALI/ARDS or to control patients with clear radiographs. The median
highest CVP on enrollment day in the hydrostatic edema group was 17 mmHg (IQR 16 – 23
mmHg, n = 4) compared to 14 (IQR 11 – 18 mmHg, n = 52) in the ALI/ARDS group and 12
mmHg (IQR 9 – 16 mmHg, n = 23) in the clear group, p = 0.04. Patients in the hydrostatic
group had a higher median PAOP compared to patients with ALI/ARDS, although again the
number of patients with measurements was small and the difference did not quite reach
statistical significance. The median highest PAOP on enrollment day in the hydrostatic
edema group was 19 mmHg (IQR 18 – 26 mmHg, n = 4) compared to 16 mmHg (IQR 13 –
21 mmHg, n = 44) in the ALI/ARDS group and 13 mmHg (IQR 10 -18 mmHg, n = 19) in
the clear group, p = 0.10.

Plasma biomarker levels in cases and controls are shown in Table 2. Overall, 10 of 21
biomarkers measured were highly significantly different between the two groups (p < 0.01).
Seven biomarkers were included in the final model to discriminate cases (ALI/ARDS) from
controls. The seven markers were RAGE, PCPIII, BNP, ANG2, IL10, TNF-α, and IL8. The
final model is described in Table 3. Receiver operator characteristic curve analysis was used
to evaluate model performance. Using these 7 biomarkers, the area under the curve was 0.86
(95% CI 0.82 – 0.92) (Figure 1) for the diagnosis of ALI/ARDS. By contrast, the area under
the curve for diagnosis of ALI/ARDS based on the ISS score was only 0.63 (95% CI 0.55 –
0.71) and using the TRISS score was only 0.66 (95% CI 0.56 – 0.75). The area under the
curve for diagnosis using the single biomarker that is already in clinical use for diagnosis of
heart failure (BNP) was also poor, 0.64 (95% CI 0.57 – 0.72).

In a sensitivity analysis, we reanalyzed the association between the biomarkers and the
diagnosis of ALI/ARDS comparing only the group with clear chest radiographs to the group
with ALI/ARDS, excluding the patients with hydrostatic edema. In this analysis, the same
seven biomarkers were included in the final model (RAGE, PCPIII, BNP, ANG2, TNF-
α-10, IL-8) indicating that the differences in biomarker levels between cases and controls
are not driven primarily by the patients with hydrostatic pulmonary edema.

The performance of a reduced model with only the top three best performing biomarkers
was also explored to determine whether the three biomarkers that had the strongest
relationship with ALI/ARDS might have significant predictive value. Using only RAGE,
PCPIII and BNP the area under the curve was 0.83 (95% CI 0.76 – 0.88) (Figure 1). A
formal statistical comparison of these two models was not conducted, because the 3
biomarkers, (RAGE, PCPIII and BNP) were not pre-specified but were selected based on
their performance in the original 7-biomarker model. A nomogram that illustrates the
potential clinical use of the 7-biomarker panel is illustrated in Figure 2.

To illustrate the clinical significance of patient classification using the biomarker model, we
compared clinical outcomes including mortality, ventilator days and ICU days between
patients classified as high probability of ALI/ARDS (> 80%, n = 56) or low probability of
ALI/ARDS (< 20%, n = 36). As shown in Table 4, patients with a high probability of ALI/
ARDS had substantially worse clinical outcomes compared to patients with a low
probability of ALI/ARDS.
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Discussion
The primary goal of this study was to test the hypothesis that a panel of biomarkers that
reflects the complex pathophysiology of acute lung injury can be used to diagnose ALI/
ARDS among a group of critically ill patients with severe traumatic injuries. From an initial
panel of 21 biomarkers of inflammation, lung epithelial and endothelial cell injury, fibrosis
and dysregulated coagulation and fibrinolysis, a combination of 7 biomarkers were used to
develop a diagnostic model. The final model includes markers of lung epithelial injury
(RAGE), collagen deposition (PCPIII), cardiac dysfunction (BNP), endothelial activation
and injury (Ang2) and inflammation (IL-10, TNF-α and IL-8)). This diagnostic model had
excellent performance for differentiating ALI/ARDS cases from controls with an area under
the ROC curve of 0.86. A simplified model using the three top performing biomarkers was
also tested (RAGE, PCPIII, BNP); this model also had excellent discriminatory power with
an area under the ROC curve of 0.83.

The gold standard for diagnosis of ALI/ARDS in the current study was the American
European Consensus definitions 8. Despite widespread use of these definitions for
enrollment into clinical trials, ALI and ARDS remain underdiagnosed and undertreated 9,10.
Furthermore, these consensus definitions may not be ideal in trauma patients. In one study
of patients with trauma induced ARDS 32 defined by standard consensus definitions, there
was little uniformity among the patients who met consensus criteria when comparing
severity of illness scores, incidence of multi-organ failure and incidence of sepsis. The
authors concluded that application of the consensus criteria for the diagnosis of ALI/ARDS
in trauma patients captures a widely disparate group with poor specificity for identifying
patients at risk for prolonged respiratory failure and associated complications 32. In addition,
at least three studies have found that a diagnosis of ALI/ARDS is not an independent
predictor of mortality in patients with severe trauma 33–35, in contrast to other etiologies of
ALI/ARDS where the diagnosis is associated with increased mortality 1,36. In the current
nested case control study, patients with a clinical diagnosis of ALI/ARDS had significantly
higher mortality and longer duration of mechanical ventilation and ICU stay compared to
patients with clear chest radiographs or hydrostatic pulmonary edema. When the biomarker
panel was used to classify patients as high or low probability of ALI/ARDS, substantial
differences in important clinical outcomes including duration of mechanical ventilation and
duration of ICU stay were seen.

In addition to its diagnostic performance, the multimarker panel provides novel insight into
the pathogenesis of trauma-associated ALI/ARDS. Although several of the biomarkers that
were studied have been previously studied in early trauma-associated ALI/ARDS 1, the
majority of the biomarkers most highly associated with ALI/ARDS in our study have not
been previously studied in a large trauma population including CC16, RAGE, PCPIII, Ang2
and BNP. The diagnostic value of RAGE is of particular interest, providing biochemical
confirmation of the critical role of alveolar epithelial injury in trauma-associated ALI/
ARDS, a concept that has been suggested in several prior studies 16,37–42 and was first
emphasized in pathologic specimens by Bachofen and Weibel 38. Although RAGE is
expressed in several organs, RAGE is most highly expressed in the lung where it is an
alveolar type-1 epithelial cell associated protein localized primarily to the basal membrane
of the type 1 cells. RAGE is a multi-ligand binding receptor that binds advanced glycation
end products, amyloid beta-peptide, s100 proteins and high-mobility group box-1. RAGE-
ligand interaction results in intracellular signaling and NF-kB activation 15. Two previous
human studies found RAGE to be elevated in patients with acute lung injury compared to
either normal controls 15 or to patients with less severe acute lung injury 39. Since RAGE is
a marker of alveolar epithelial injury, its release into the plasma implies damage to the lung
epithelium as one important mechanism of early injury in trauma-induced ALI/ARDS.
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Injury to the alveolar epithelium is associated with impaired alveolar fluid clearance in both
experimental and clinical studies 42,43 and in experimental models, hemorrhagic shock-
induced lung injury causes impaired alveolar fluid clearance 44–46. Thus, alveolar edema in
trauma-induced ALI/ARDS may be accounted for in part by epithelial injury.

The second top performing biomarker in the diagnostic model was PCP-III, a marker of
collagen synthesis. PCPIII is cleaved from the precursor procollagen molecule by
extracellular proteases during collagen synthesis and reflects fibrogenesis 47. Elevated levels
have been described in fibrotic lung diseases 48,49 as well as hepatic cirrhosis 50 and cardiac
fibrosis 51. Levels of PCPIII were five-fold higher in the pulmonary edema fluid of patients
with ALI/ARDS compared to patients with hydrostatic pulmonary edema 47; among patients
with ALI/ARDS, higher levels were associated with increased mortality, a finding that was
replicated in a study of bronchoalveolar lavage fluid from patients with ARDS 52. Higher
levels in plasma of patients with ALI/ARDS have also been reported in a few small
studies 53,54. In one study of 57 patients with severe trauma, elevated PCPIII levels were
associated with higher mortality, longer duration of mechanical ventilation and poorer
oxygenation 55. The finding of elevated plasma PCPIII levels in trauma patients with ALI/
ARDS supports the hypothesis that lung fibrosis is triggered early in the course of ALI/
ARDS. However, it should be noted that increased PCPIII levels in trauma patients may also
reflect wound healing, fibrosis in other organs and decreased clearance due to hepatic
dysfunction 55.

BNP was also a top performing biomarker. BNP is the main clinical marker used to
differentiate hydrostatic pulmonary edema from increased permeability pulmonary edema,23

and for this reason it was included in the original panel of biomarkers for testing. BNP is
secreted by the cardiac ventricles in response to increased stretch, as occurs in the setting of
increased circulating volume or decompensated systolic or diastolic heart failure. We found
that BNP levels were significantly lower in the patients with ALI/ARDS compared to those
without ALI/ARDS, suggesting a higher prevalence of volume overload and/or cardiac
dysfunction in the control group in this study. However, as a single biomarker, BNP
performed very poorly for the discrimination of ALI/ARDS with an area under the curve of
0.64. The remaining four biomarkers in the model reflect other aspects of the
pathophysiology of ALI/ARDS endothelial injury and activation and inflammation.

This study has some limitations. The diagnostic model was designed to differentiate patients
with ALI/ARDS from those without evidence of lung injury (clear chest radiograph) and
those with hydrostatic (cardiogenic) pulmonary edema. Differentiation of patients with ALI/
ARDS from patients with hydrostatic pulmonary edema can be particularly challenging and
may require invasive hemodynamic monitoring 23. However, we were only able to identify
11 patients with hydrostatic pulmonary edema in our cohort; it is difficult to predict whether
the model will perform as well in a larger group of patients where hydrostatic edema is more
prevalent. Also, it is possible that some of the patients with ALI/ARDS had a combination
of both increased permeability and elevated hydrostatic pressure as the cause of their
pulmonary edema, as has been documented in a recent large multicenter clinical trial 56. We
also did not attempt to distinguish between ALI/ARDS due to pulmonary contusion and
ALI/ARDS due to other causes such as aspiration of gastric contents, or severe hemorrhagic
shock with multiple blood product transfusions. Pulmonary contusion is histologically
similar to ALI/ARDS from other causes 57 and the underlying cause of ALI/ARDS may be
difficult to ascertain with confidence even in the relatively homogeneous severe trauma
population. Another limitation is the retrospective nature of this study. Although most of the
clinical data was collected prospectively as part of the parent study, none of the investigators
were involved in clinical care of the patients in this study, and all determinations of clinical
diagnosis of ALI/ARDS were made by chart review and review of the chest radiographs. A
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prospective analysis of this diagnostic biomarker panel in unselected trauma patients will be
needed for validation. Finally, the model was developed in patients who developed ALI/
ARDS due to severe trauma. Although trauma is an important cause of ALI/ARDS, other
clinical disorders including aspiration and infectious causes are also important. Thus, the
value of this biomarker panel for diagnosis and pathogenesis of ALI/ARDS in patients with
other risk factors for ALI requires further study.

Conclusions
In this retrospective nested case control study, a seven biomarker panel that includes plasma
biomarkers of lung epithelial injury, collagen deposition, cardiac dysfunction, endothelial
activation and injury and inflammation distinguished patients with trauma-associated ALI/
ARDS from patients without ALI/ARDS. A reduced model containing only the top three
biomarkers (RAGE, PCPIII, BNP) performed nearly as well as the full model. If validated
prospectively, use of this biomarker panel could facilitate the clinical diagnosis of ALI/
ARDS. Furthermore, this panel provides valuable insights into the pathological and
biological mechanisms that may contribute to the early phase of trauma induced lung injury.
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Figure 1.
Receiver operator characteristic (ROC) curve analysis of the plasma biomarker panels for
differentiating ALI/ARDS (cases) from controls. Predicted probability of recurrence of ALI/
ARDS for each subject was computed from a logistic regression model that includes the 7
biomarkers (RAGE, PCPIII, BNP, ANG2, IL10, TNF-α, and IL8). Specificity and
sensitivity were computed at each possible cutoff of the predicted probability. The area
under the curve (AUC) is 0.86 (95% CI 0.87 – 0.95). The dashed line shows the ROC
analysis using only the 3 most discriminatory biomarkers (RAGE, PCPIII and BNP). The
area under the curve for this model is 0.83 (95% CI 0.84 – 0.94).
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Figure 2.
The multi-variable logistic regression model was used to create a prediction model for the
probability of ALI. A value in each predictor variable corresponds to a point scale at the top.
The sum of the individual predictor variable points corresponds to the total points and the
probability of ALI shown at the bottom. For each predictor variable, the shown values are
approximately 1st, 5th, 25th, 50th, 75th, 95th, and 99th percentiles.
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Table 1

Clinical characteristics of 192 critically ill patients with severe trauma

Clinical
Characteristics

N Cases
ALI/ARDS
(n=107)

Controls
Clear (n=74)/Hydrostatic
Edema (n=11)
n = 85

P Value

Age 192 39 (26 – 53) 33 (23 – 47) 0.19

Male 192 66% 71% 0.64

Race 192 0.036

   White 82% 84%

   Black 11% 14%

   Other 7% 2%

Body Mass Index 166 26 (24 – 29) 27 (23 – 31) 0.87

PaO2/FiO2
1 187 72 (38 – 143) 123 (89 – 153) < 0.001

TRISS score 136 0.80 (0.35 – 0.93) 0.93 (0.78 – 0.98) 0.001

ISS score 179 34 (25 –41) 29 (17 – 35) 0.002

APACHE II score 191 17 (14 – 21) 13 (11 – 17) < 0.001

Hospital Mortality 192 14% 5% 0.049

Ventilator Days 192 9 (5 – 14) 4 (3 – 7) < 0.001

ICU Days 192 10 (6 – 16) 6 (4 – 8) < 0.001

TRISS, Trauma and Injury Severity Score; ISS, Injury Severity Score; APACHE, Acute Physiology and Chronic Health Evaluation
Data as median (interquartile range) or percent of patients; N is the number of non-missing values. Wilcoxon tests (continuous variables) and
Fisher’s exact tests (categorical variables) were used.

1
Lowest PaO2/FiO2 ratio recorded on the day of enrollment
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Table 2

Comparison of Plasma Levels of Biomarkers Between ALI/ARDS Cases and Controls

Biomarker N Cases
ALI/ARDS
(n=107)

Controls
Clear/Hydrostatic
Edema (n=85)

P Value1

RAGE (pg/ml) 191 2508 (1780 – 5050) 1415 (1022 – 2022) < 0.001

PCP (ng/ml) 191 10.3 (8.1 – 15.5) 7.8 (6.8 – 10.2) < 0.001

IL-8 (pg/ml) 187 42 (29 – 84) 25 (12 – 39) < 0.001

Ang2 (ng/ml) 191 8.6 (5.7 – 14.0) 5.7 (3.8 – 8.5) < 0.001

MPO (ng/ml) 191 46 (29 – 70) 31 (20 – 45) < 0.001

BNP (ng/ml) 191 0.23 (0.16 – 0.39) 0.33 (0.19 – 0.58) < 0.001

VWF (% control) 191 321 (232 – 494) 256 (189 – 351) 0.001

IL-10 (pg/ml) 187 77 (31 – 169) 32 (19 – 118) 0.002

IL-6 (pg/ml) 187 240 (139 – 498) 197 (79 – 340) 0.005

PAI-1 (ng/ml) 191 87 (49 –191) 60 (28 – 119) 0.008

SP-D (ng/ml) 191 79 (47 – 127) 68 (38 – 115) 0.027

IL-12 (pg/ml) 187 2.7 (2.7 – 5.8) 3.2 (2.7 – 7.2) 0.033

IL-4 (pg/ml) 187 105 (22 – 418) 49 (14 – 166) 0.072

TNF-α (pg/ml) 187 7.5 (3.8 – 13.4) 6.3 (2.9 – 11.0) 0.14

GM-CSF (pg/ml) 187 4.3 (2.7 – 9.4) 4.3 (2.7 – 6.8) 0.38

Interferon-γ (pg/ml) 187 3.8 (2.7 – 10.1) 4.7 (2.7 – 13.5) 0.40

ICAM-1 (ng/ml) 191 667 (430 – 877) 629 (439 – 814) 0.47

IL-1 (pg/ml) 187 2.7 (2.7 – 3.4) 2.7 (2.7 – 4.0) 0.51

IL-5 (pg/ml) 185 2.7 (2.7 – 4.2) 2.7 (2.7 – 2.8) 0.57

CC16 (ng/ml) 191 12.5 (7.8 – 20.5) 13.0 (9.3 – 16.9) 0.68

IL-2 (pg/ml) 187 2.9 (2.7 – 6.5) 2.9 (2.7 – 7.3) 0.98

1
Data as median (interquartile range), cases compared to controls by Wilcoxon test
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Table 3

Summary of the final diagnostic model using seven biomarkers to diagnose ALI/ARDS

Biomarker Quartiles
(25th – 75th)

Odds Ratio
for ALI/ARDS1

95% CI P-value

RAGE 1216 – 3310 3.33 1.85 – 5.99 <0.001

PCP III 7.3 – 13.1 2.90 1.61 – 5.23 <0.001

BNP 0.17 – 0.45 0.45 0.26 – 0.77 0.004

ANG2 4659 – 12078 2.20 1.19 – 4.05 0.01

IL8 16.8 – 64.6 1.81 1.03 – 3.17 0.04

TNF-α 3.6 – 13.1 0.51 0.27 – 0.98 0.04

IL10 21.4 – 151.2 2.02 0.96 – 4.25 0.06

1
Odds ratios represent change from the lowest quartile to the highest quartile
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Table 4

Comparison of clinical outcomes in patients classified as high or low probability of ALI/ARDS using the
biomarker model

High Probability
ALI/ARDS (>80%)
n = 56

Low Probability
ALI/ARDS (<20%)
n = 36

P Value

Ventilator Days 10 (5 – 14) 5 (3 – 9) 0.002

ICU Days 10 (6.8 – 17) 6 (4 – 7) <0.001

Hospital Mortality 18% (10) 6% (2) 0.11

Data as median (interquartile range) or percent of patients
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