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Abstract

BACKGROUND—Acute lung injury following trauma remains a significant source of morbidity
and mortality. Though multiple trauma studies have used hypoxemia without radiographic
adjudication as a surrogate for identifying acute respiratory distress syndrome (ARDS) cases, the
differences between patients with hypoxemia alone and those with radiographically-confirmed
ARDS are not well-described in the literature. We hypothesized that non-hypoxemic, hypoxemic,
and ARDS patients represent distinct groups with unique characteristics and predictors.

METHODS—Laboratory, demographic, clinical, and outcomes data were prospectively collected
from 621 intubated, critically-injured patients at an urban Level 1 Trauma Center from 2005-2013.
Hypoxemia was defined as PaO2:FiO2 ratio < 300. ARDS was adjudicated using Berlin criteria,
with blinded two-physician consensus review of chest radiographs (CXR). Group comparisons
were performed by hypoxemia and ARDS status. Logistic regression analyses were performed to
separately assess predictors of hypoxemia and ARDS.

RESULTS—Of the 621 intubated patients, 64% developed hypoxemia. 46% of these hypoxemic
patients developed ARDS by CXR. Across the three groups (no hypoxemia, hypoxemia, ARDS),
there were no significant differences in age, gender, or comorbidities. However, there was an
increase in severity of shock, injury, and chest injury by group, with corresponding trends in
transfusion requirements and volume of early fluid administration. Outcomes followed a similar
stepwise pattern, with pneumonia, multi-organ failure, length of ICU stay, number of ventilator
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days, and overall mortality highest in ARDS patients. In multiple logistic regression, early plasma
transfusion, delayed crystalloid administration, body mass index (BMI), and head and chest injury
were independent predictors of hypoxemia, while head and chest injury, early crystalloid infusion,
and delayed platelet transfusion were independent predictors of ARDS.

CONCLUSIONS—Hypoxemia and ARDS exist on a spectrum of respiratory dysfunction
following trauma, with increasing injury severity profiles and resuscitation requirements.
However, they also represent distinct clinical states with unique predictors, which require directed
research approaches and targeted therapeutic strategies.

Keywords
ARDS; lung injury; hypoxemia; platelet transfusion; crystalloid

INTRODUCTION

Trauma is the leading cause of death in the young worldwide (1), with a characteristic
distribution of immediate, early, and delayed mortality (2, 3). Late mortality is characterized
by dysregulated systemic inflammation leading to multiple organ failure, and lung
dysfunction has been shown to play a central role in this process (4). Though some measure
of post-traumatic lung injury may be mitigated by the implementation of lung-protective
ventilation strategies and the adoption of more judicious transfusion practices (5-7), the
incidence of acute respiratory distress syndrome (ARDS) in severely-injured trauma patients
remains significant (8, 9). Independent of underlying illness severity, the development of
ARDS has been associated with major increases in morbidity, and up to a nearly three-fold
increase in mortality (10).

Since its initial description by Ashbaugh and colleagues in 1967, ARDS has been defined
and redefined several times, with diagnostic criteria evolving to accommodate improved
understanding of both underlying pathophysiologic processes and broader epidemiological
trends (11, 12). Through multiple iterations, the definition of ARDS has included a
combination of both acute hypoxemia and radiographic evidence of pulmonary edema, in
the absence of cardiogenic causes (13). While several studies have investigated risk factors
for the development of ARDS in trauma, the differences between trauma patients with
hypoxemia alone and those who develop radiographically-confirmed ARDS have not been
well studied (14-17). In fact, multiple recent trauma studies have intimated that hypoxemia
alone is an appropriate surrogate for ARDS, utilizing PaO,:FiO5 ratios drawn from clinical
databases, with no correlation to radiographic findings (8, 18-20). Given the multiple
possible etiologies of post-traumatic hypoxemia, and the deliberate specificity with which
consensus definitions of ARDS have been developed, such a practice may lead to
misleading conclusions based on expanded and imprecise inclusion criteria. Whether
hypoxemia is indeed a useful surrogate for ARDS remains an unanswered question in
trauma epidemiology research.

We sought to describe the differences in demographics, injury profiles, clinical
characteristics, and outcomes between patients with hypoxemia alone and those with
adjudicated ARDS; we also sought to delineate the differences between patients with
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hypoxemia and those who required intubation but never developed hypoxemia. We aimed to
identify independent predictors of both hypoxemia and ARDS. We hypothesized that in a
critically-injured trauma cohort requiring intubation, non-hypoxemic, hypoxemic, and
ARDS patients represent distinct groups with unique characteristics and predictors.

METHODS

Comprehensive demographic, injury, clinical, and outcomes data were prospectively
collected on 621 critically injured highest-level trauma activation patients at an urban Level
1 trauma center between 2005 and 2013. These patients required intubation and mechanical
ventilation, and survived at least six hours from time of admission; data was collected out to
28 days following admission. Data was collected under a protocol approved by the
University of California, San Francisco Committee on Human Research. Hypoxemia was
defined as a PaO5:FiO» ratio < 300 during the first 8 days of admission, and ARDS was
determined using the Berlin definition, during the same acute time period (21). Radiographs
obtained for clinical indications were reviewed by two expert physicians blinded to clinical
data, and were assessed for the presence of bilateral pulmonary opacities; those deemed
positive by consensus were designated as adjudicated ARDS patients.

Massive transfusion was defined as = 10 units of packed red blood cells (pRBCs) transfused
in 24 hours. To account for survivor bias, those patients who did not survive 24 hours were
counted as receiving massive transfusion if they were transfused = 5 units of pRBCs in 12
hours or = 2.5 units of pRBCs in 6 hours, as described previously (22). Multi-organ failure
was defined using the Denver Postinjury Multiple Organ Failure Score (23).

Data are presented as mean (standard deviation), median (interquartile range), or percentage;
univariate and group comparisons were made using Student's t test or one-way analysis of
variance for normally distributed data, Wilcoxon rank sum or Kruskal Wallis testing for
skewed data, and Fisher's exact test for proportions. An a < 0.05 was considered significant.
For group comparisons, differences between multiple groups were assessed if the overall
across-group comparison test was significant (a < 0.05); Bonferroni correction was then
made for multiple between-group comparisons (a<0.017 for comparisons between three
groups). The depicted N in figures and tables represents the total number of patients in the
respective group. Logistic regression was used to assess predictors of both hypoxemia and
ARDS. To preclude confounding by timing of exposures and outcomes, we excluded from
the models patients who developed hypoxemia or ARDS in the first 24 hours of admission;
in this way we could ascertain that predictors truly preceded their respective outcomes.
Patients who died in the first 24 hours were also excluded, since they by definition could not
develop the outcome in question. As a sensitivity analysis, additional models were
subsequently constructed including patients who died or developed hypoxemia or ARDS in
the first 24 hours, using as predictors only variables that preceded hospital arrival (eg
demographics, injury profile); these identified no substantive differences in predictors from
the main regression analysis presented here (data not shown). All analysis was performed by
the authors using Stata version 12 (StataCorp, College Station, TX).
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RESULTS

Of the 621 critically-injured trauma patients requiring intubation, 395 (64%) developed
hypoxemia in the first eight days of admission, with PaO,:FiO5 < 300; the other 226
intubated patients (36%) never developed hypoxemia (Figure 1). Among the hypoxemic
patients, 183 (46%, or 30% of total cohort) were diagnosed with ARDS based on blinded
two-physician review, while 212 (54%, or 34% of total cohort) never developed
radiographic findings consistent with ARDS.

The demographic, injury, clinical, and outcome data by group is depicted in Table 1. Across
the three respective groups (non-hypoxemic, hypoxemic with PaO,:FiO ratio < 300,
adjudicated ARDS) there were no significant differences in age or gender; demographics
were consistent with those expected in an urban trauma population. Patients who did not
develop hypoxemia or ARDS had a lower mean BMI. ARDS patients had a higher rate of
blunt mechanism of injury (83%) than non-hypoxemic or hypoxemic non-ARDS patients
(72%). There were no significant differences between groups with respect to underlying
comorbidities, including chronic obstructive pulmonary disease, asthma, diabetes mellitus,
or underlying cardiac disease (data not shown).

In this intubated cohort, non-hypoxemic patients had higher median blood alcohol levels
than hypoxemic patients, who in turn had higher median blood alcohol than patients
diagnosed with ARDS (203 vs. 152 vs. 67.5 mg/dL, p=0.033 across groups). Reported
history of smoking increased from non-hypoxemic to hypoxemic to ARDS patients, though
this did not reach statistical significance (58% vs. 69% vs. 74%, p=0.062 across groups).
There were no significant differences in the use of illicit drugs, either by toxicology
screening data or by history (data not shown).

Injury profiles differed between groups, with a stepwise increase in median injury severity
score (ISS) from non-hypoxemic to hypoxemic to ARDS patients (16 vs. 26 vs. 30, p<0.001
across and between groups); rate of chest injury (29% vs. 39% vs. 58%, p<0.001 across
groups) and rate of severe chest injury (abbreviated injury scale (AlS) score >3) (22% vs.
29% vs. 58%, p<0.001 across groups) demonstrated similar stepwise increases. Rate of rib
fractures also increased across groups (15% vs. 24% vs. 41%, p<0.001 across groups).
Median Glasgow Coma Scale (GCS) decreased across the groups, from 9.5to 8 to 7
(p=0.041 across groups), and rate of head injury (AlS=1) increased from 60% to 74% to
83% (p<0.001 across groups).

Corresponding physiologic parameters on admission also demonstrated stepwise trends in
severity, with increasing mean heart rate across groups (93 vs. 98 vs. 107, p<0.001 across
groups) as well as increasing mean base deficit (-3.3 vs. =5.4 vs. —7.4 mEg/L, p<0.003
across and between groups). There were no significant differences in admission temperature
or systolic blood pressure.

With regard to resuscitation, there were no clinically significant differences in the amount of
pre-hospital crystalloid administered. However, there were significant stepwise differences
in the median amount of crystalloid received in the six hours following presentation to the
trauma center: non-hypoxemic patients received 2085 mL of crystalloid, versus 3000 mL for
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hypoxemic patients, and 3590 mL for patients who developed ARDS (p<0.001 across and
between groups). This trend was also observed during the following time interval, from 7
hours to 24 hours (2265 mL vs. 2895 mL vs. 2995 mL, p<0.001 across groups).

In parallel to the trend seen in crystalloid administration, the rates of blood product
transfusion increased across the respective study groups. As shown in Table 1, the
percentage of non-hypoxemic patients receiving any blood product in the first 24 hours was
44%, versus 59% for patients who had hypoxemia, and 75% for patients diagnosed with
ARDS (p<0.001 across and between groups). A similar increase was seen with respect to
massive transfusion, from 6% in non-hypoxemic patients up to 13% in those who developed
hypoxemia, and 23% for ARDS patients (p<0.001 across and between groups). Significant
increases were seen in the transfusion rates of all categories of blood products, including
packed red blood cells, fresh frozen plasma, and platelets, as depicted in Figure 2.

The three groups demonstrated significant differences in ventilation requirements and
critical care outcomes. Non-hypoxemic patients had significantly more ventilator-free days
than hypoxemic or ARDS patients (26 vs. 19 vs. 2 ventilator-free days, p<0.001 across and
between groups). Ventilator-associated pneumonia incidence was lowest in non-hypoxemic
patients (0.4%) and increased in hypoxemic (5%) and ARDS patients (28%, p<0.001 across
and between groups); multi-organ failure followed a similar pattern (0.4% vs. 9% vs. 43%,
p<0.001 across and between groups).

ARDS patients had the longest hospital and ICU stays, while non-hypoxemic patients had
the shortest stays (both p<0.001, across and between groups). Overall mortality was
increased in the hypoxemia (27%) and ARDS (35%) groups, respectively, compared to non-
hypoxemic patients (14%; p<0.001 across groups).

Logistic regression analyses were conducted to identify independent predictors of both
hypoxemia and ARDS. To assess independent predictors of hypoxemia alone, ARDS
patients were excluded from the hypoxemia models. In univariate logistic regression, body
mass index (BMI), head injury (by AIS head), early (0-6 hours) transfusion of any blood
product, late (7-24 hours) transfusion of packed red blood cells, and late administration of
crystalloid or colloid were found to be significant predictors of hypoxemia (all p<0.05,
Table 2). Incorporating these factors into a multiple logistic regression model including
chest injury (AUC 0.76 with n of 272 and 91 patients who developed outcome), the
significant predictors of hypoxemia were BMI (per 5 kg/m2, odds ratio [OR] 1.34, 95%
confidence interval [CI] 1.02-1.79, p=0.037), head injury (OR 1.31, CI 1.13-1.53, p<0.001),
chest injury (OR 1.28, Cl 1.05-1.54, p=0.012), early FFP transfusion (by unit, OR 1.39, Cl
1.11-1.74, p=0.005), and late crystalloid administration (by 500mL aliquot, OR 1.14, CI
1.03-1.25, p=0.008) [Table 2].

In similar fashion, logistic regression was conducted to analyze predictors of ARDS in the
study population. In univariate logistic regression, blunt mechanism, head injury (by AIS
score), chest injury (by AlS score), early (0-6 hours) or late (7-24 hours) administration of
crystalloid, and early or late transfusion of all blood products were significant predictors of
ARDS (all p<0.05, Table 3). When adjusting for these variables in a multiple logistic
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regression model (AUC 0.80, with total model n of 483, and 105 patients who developed
ARDS outcome), the remaining significant predictors of ARDS were head injury (OR 1.47,
Cl 1.27-1.71, p<0.001), chest injury (OR 1.36, Cl 1.17-1.58, p<0.001), early administration
of crystalloid (by 500 mL, OR 1.08, Cl 1.02-1.15, p=0.006), and late transfusion of platelets
(by unit, OR 5.55, Cl 2.37-12.99, p<0.001) [Table 3].

DISCUSSION

Since its earliest description nearly half a century ago, ARDS has been a recognized and dire
complication of severe trauma. The incidence and severity of ARDS, from causes both
traumatic and non-traumatic, represents a major concern in both critical care and public
health (24). Recognizing that diverse traumatic and non-traumatic insults lead to a similar
pathophysiological process and endpoint, investigators have worked to arrive at consensus
definitions of this acute lung injury, in order to facilitate broad epidemiological
characterizations, evaluate outcomes across populations, and assess potential therapeutic
approaches (25). Though these consensus definitions have evolved with improved
understanding of lung injury at both the population and molecular level, they have
consistently included both the acute onset of hypoxemia and a corresponding radiographic
finding indicative of pulmonary infiltration (21, 26).

Due to limitations in available datasets that lack radiographic findings, several recent
investigations in the trauma literature have resorted to using hypoxemia alone to determine
pulmonary dysfunction from presumed ARDS (8, 20); others have deferred actual review of
radiographs to utilize billing codes or secondary radiology reports (18, 19). Using such
protocols is less resource intensive, and allows investigators to analyze findings from large
clinical databases. However, little is known as to the effects of conflating hypoxemia with
rigorously adjudicated ARDS, or what potentially erroneous conclusions might be drawn
from such an approach.

In this study, using the gold standard of blinded two-physician review of chest radiographs
to adjudicate ARDS in intubated trauma patients, we found significant differences in clinical
characteristics and outcomes between patients with no hypoxemia, those with hypoxemia
but no ARDS, and those with confirmed ARDS. Though basic demographics like age,
gender, and comorbidities were similar across these three groups, differences in severity of
injury, degree of shock, fluid resuscitation and transfusion requirements, and overall
mortality followed a stepwise trend, increasing from the non-hypoxemic to the hypoxemic to
the ARDS group. As such, these groups may be considered to be different in terms of
degree, with more severely injured patients in the hypoxemic group, and most severely
injured patients in the ARDS group.

We used logistic regression analysis to assess independent risk factors for both hypoxemia
and ARDS, adjusting for injury severity and transfusion parameters. This analysis revealed
that, in addition to the above-mentioned differences in degree, these groups were actually
different in kind as well. In multiple logistic regression, the significant risk factors for
hypoxemia after 24 hours included severity of head injury, severity of chest injury, BMI,
amount of late (7 to 24 hours) crystalloid administration, and amount of early (0 to 6 hours)
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fresh frozen plasma transfusion. A similar analysis for ARDS after 24 hours identified
severity of both head and chest injury, amount of early crystalloid administration, and
amount of late platelet transfusion as independent risk factors.

Our finding of unique risk factors for both hypoxemia and ARDS underscores the clinical
differences between these groups, and corresponds to clinical intuition: patients may
develop hypoxemia for a host of reasons, from mucus plugging to shunting to atelectasis,
whereas ARDS likely represents a specific severe biological syndrome. One shared risk
factor for both hypoxemia and ARDS, degree of head injury, likewise makes clinical sense,
and resonates with prior literature linking traumatic brain injury (TBI) to acute lung injury
(27, 28); the exact mechanisms of this correlation in ARDS are not well-characterized, and
may reflect both systemic inflammation and the employment of TBI-specific ventilator
management strategies (29). The correlation of chest injury and hypoxemia also corresponds
to clinical experience, while the finding of chest trauma severity as an independent predictor
of ARDS supports direct lung injury (including pulmonary contusion) as a predisposing
factor for acute lung injury, corroborating the trauma literature to date (17, 30-32). That
BMI predicts hypoxemia resonates clinically as well, in that injured patients with larger
habitus may have higher risk of atelectasis, along with pulmonary mechanics that impair
adequate oxygenation.

The hydrostatic and pro-inflammatory effects of intravenous crystalloid on the lung have
been described for decades (33-35), and a fluid-restrictive strategy has been shown in a
multi-center randomized clinical trial to improve clinical outcomes in ARDS (36); as such,
our finding that early crystalloid administration independently predicts ARDS is not
surprising. While the data provides no obvious mechanistic explanation for delayed
crystalloid as a risk factor for hypoxemia, it may well represent a surrogate of ongoing
aggressive resuscitation (justified or not), which may in turn correlate to incidence of
hypoxemia after 24 hours.

Delayed platelet administration (7 to 24 hours after presentation) was the strongest
independent predictor of ARDS after 24 hours in our cohort. This resonates with early
theories on ARDS pathophysiology and platelet-related pulmonary damage (37), as well as
with more recent clinical investigations (8, 38), and animal model data implicating platelet
sequestration as a key precipitating factor in neutrophil-mediated lung injury (39). The exact
mechanism of this relationship cannot be determined from our clinical data, and could
reflect either a direct insult from ongoing platelet transfusion, or a secondary effect of early
pulmonary platelet sequestration, prompting delayed platelet transfusion by clinicians in
response to a low peripheral platelet count. Similarly, the association between early FFP
administration and hypoxemia after 24 hours may represent either a true biological effect, as
alluded to in prior studies (40), or may be a surrogate for injury severity and resuscitation
requirements in our population.

This study has notable strengths: it draws on prospectively-collected data from a relatively
large set of intubated critically-injured patients, utilizes blinded physician review of
radiographs to confirm ARDS diagnosis, and by careful patient selection enables
identification of clinical predictors that clearly precede the outcomes in question. It is of
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course limited in that it is a single-center study, though our findings should be applicable
and relevant to other major urban trauma centers and similar patient populations. Also, as
noted, despite the prospective collection of data in this trauma cohort, the granular details of
minute-by-minute timing of potential exposures in the first hours of resuscitation could not
be determined with certainty in this analysis; thus we limited our regression analyses to
assessing predictors of hypoxemia and ARDS after 24 hours. We acknowledge that the
independent predictors of ARDS in the first 24 hours after injury may differ from those
reported here, especially given the potential phenotypic heterogeneity of ARDS in trauma
patients by time of onset (41-43). Of note, performing our regression analyses including all
patients, and excluding process-of-care variables in order to prevent confounding of
exposure-outcome timing, we found no major differences from the predictors reported here.

In sum, we have demonstrated that in a cohort of intubated trauma patients at a high-volume
urban trauma center in the United States, hypoxemia and ARDS exist on a spectrum of
injury severity profile and resuscitation requirements, yet patients with adjudicated ARDS
represent a distinct group from those with hypoxemia alone. While ARDS is a well-
described pathophysiologic syndrome, hypoxemia may result from various stimuli, and may
not be a meaningful indicator in the absence of acute lung injury. Hypoxemia does not
appear to be an appropriate surrogate for lung injury, and future epidemiologic studies
should thus incorporate precise, adjudicated ascertainment of ARDS.
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Intubated patients
N =621
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P:F > 300
N = 226 (36%)
P:F <300, no ARDS
N =212 (34%)
Figure 1.

Study Population
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Figure 2. Transfusion Requirements by Group
Percentages of patients transfused in each group. All group and intergroup comparisons

statistically significant, with Bonferroni correction. pRBCs, packed red blood cells; FFP,
fresh frozen plasma; ARDS, acute respiratory distress syndrome.
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Demographics, Clinical Characteristics, and Outcomes by Hypoxemia/ARDS Status

Table 1

Age (years)

Male

Body Mass Index (kg/m?)
Blunt Mechanism

Blood alcohol (mg/dL)
Smoking history

Injury Severity Score

Chest Injury (any)
Severe Chest Injury (AIS>3)
Rib fracture (any)

GCS

Head injury (any)

Admit heart rate

Admit systolic BP (mmHg)
Admit base excess (mEg/L)

Pre-hospital crystalloid (mL)
1V crystalloid 0-6h (mL)

1V crystalloid 7-24h (mL)
1V colloid 0-6h (mL)
Transfusion (any) at 24h

Massive Transfusion
Ventilator-free days (in 28d)
VAP

Multi-Organ Failure

Total hospital days

Total ICU days

Mortality at 24 hours
Mortality at discharge

PF>300N=226 P:F<300,n0ARDSN=212 ARDSN=183  p-value
37 (27 54) 39 (25-57.5) 39 (27 - 54) 0.660
80 75 81 0.307
255 +/- 4.7 273453 276 +/-6.1 <0.001
72 72 83 0.007
203 (0 - 321) 152 (0 - 245) 68 (0 - 284) 0.033
58 69 73 0.062
- - — *
16 (5 - 26) 26 (17 - 34) 30 (25— 41) 0,002
29 39 58 <0.001
2 29 49 <0.001
*
15 2 a <0001
9.5 (5- 14) 8 (4-14) 7(3-13) 0.041
60 74 83 <0.001
93.2 +/- 24.9 98.3 +/- 28.9 106.7 +/-254  <0.001
127.9 +/- 32.3 128.8 +/- 35.7 127 +/- 35.2 0.879
~334/-55 54+4/-56 74463 o0
100 (0 - 250) 150 (50 - 300) 100 (0 - 300) 0.047
2085 (915 - 3180) 3000 (1500 - 4500) 3500 (2075 -6095) (1"
2265 (1590 - 3180) 2895 (2150 - 4020) 2995 (2200 - 4670)  <0.001
0(0-0) 0(0-0) 0(0-0) 0.163
*
44 59 75 <0001
*
6 13 23 <0001
- - - *
26 (25 - 27) 19.(0 - 25) 2(0-16) <0001
*
0.4 5 28 <0001
0.4 9 43 <0.001"
- - - *
5(2-12) 10 (3- 25) 21(9 - 44) <0001
- - - *
2(2-4) 5(2-12) 14.(7 - 24) <0001
4 10 3 0.006
14 27 35 <0.001
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Legend: Data presented as percentage unless stated, mean +/- SD, or median (IQR). Statistical testing performed with analysis of variance or

Student's t test, Kruskal Wallace or Wilcoxon rank sum test, or Fisher's exact test. p values shown are for across-group statistical tests

AIS, Abbreviated Injury Scale; GCS, Glasgow Coma Scale; ICU, intensive care unit.

*
denotes significance between all groups following Bonferroni correction (a<0.017).
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Table 2

Logistic Regression: Predictors of Hypoxemia (P:F < 300) after 24 hours

Univariate Multivariate

OR 95% ClI p-value OR 95% ClI p-value
BMI (per 5 kg/m?) 132 1.03-1.69 0.027 134 1.02-179 0.037
Head Injury (AIS) 125 110-1.41 0.001 131 113-153 <0.001
Chest Injury (AIS) 113  0.97-1.33 0.122 128 1.05-1.54 0.012
pRBCs 0-6h (units) 1.08 1.03-1.14 0.004 088 0.75-1.04 0.129
FFP 0-6h (units) 117  1.07-1.27 <0.001 139 111-174 0.005
Platelets 0-6h (units) 1.66 1.08-2.55 0.021 076 0.30-191 0.559
Crystalloid 7-24h (500mL) 1.22 1.12-1.32 <0.001 114 1.03-1.25 0.008
Colloid 7-24h (500mL) 4.09 1.24-13.44 0.020 3.15 0.85-11.68 0.086
pRBCs 7-24h (units) 125 1.01-1.54 0.039 101 077-131 0.994
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Legend: BMI, body mass index; AlS, abbreviated injury score; pRBC, packed red blood cells; FFP, fresh frozen plasma. Bold variables are those
that remain significant predictors in multivariate analysis.

Patients excluded if hypoxemia diagnosed in first 24 hours of admission, or if patient died before 24 hours. Total n for this model 272, with 91
developing outcome of interest (hypoxemia).
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Logistic Regression: Predictors of ARDS after 24 hours

Table 3

Blunt Mechanism

Head Injury (AIS)

Chest Injury (AIS)
Crystalloid 0-6h (by 500mL)
pRBCs 0-6h (units)

FFP 0-6h (units)

Platelets 0-6h (units)
Crystalloid 7-24h (by 500mL)
pRBCs 7-24h (units)

FFP 7-24h (units)

Platelets 7-24h (units)

Univariate Multivariate
OR 95% ClI p-value OR 95% ClI p-value
205 1.17-3.59 0.013 1.76 0.82-3.74 0.145
144 1.27-1.63 <0.001 1.47 1.27-171 <0.001
133 117-151 <0.001 1.36 1.17-1.58 <0.001
1.07 1.03-1.11 0.001 1.08 1.0235-1.15 0.006
1.05 1.01-1.09 0.010 094 0.83-1.06 0.297
1.08 1.03-1.14 0.001 1.03 0.89-1.18 0.729
141 1.07-1.87 0.016 1.46 0.94 -2.27 0.091
111 1.05-1.17 <0.001 1.05 0.98-1.12 0.203
134 117-155 <0.001 0.99 0.76-1.28 0.924
136 1.14-1.61 <0.001 0.93 0.67 -1.27 0.640
553 2.82-10.85 <0.001 555 2.37-12.99 <0.001
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Legend: AIS, abbreviated injury score; pRBC, packed red blood cells; FFP, fresh frozen plasma. Bold variables are those that remain significant

predictors in multivariate analysis.

Patients excluded if ARDS diagnosed in first 24 hours of admission, or if patient died before 24 hours. Total n for this model 483, with 105
developing outcome of interest (ARDS).
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