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STRUCTURED ABSTRACT

BACKGROUND—Acute respiratory distress syndrome (ARDS) is common after Traumatic
Brain Injury (TBI) and is associated with worse neurologic outcomes and longer hospitalization.
However, the incidence and associated causes of ARDS in isolated TBI have not been well
studied.

METHODS—We performed a subgroup analysis of 210 consecutive patients with isolated severe
TBI enrolled in a prospective observational cohort at a Level 1 Trauma Center between 2005 and
2014. Subjects required endotracheal intubation and had isolated severe TBI defined by an
Abbreviated Injury Score (AlS) Head =3 and AIS <3 in all other categories. ARDS within the first
8 days of admission was rigorously adjudicated using Berlin Criteria. Regression analyses were
used to test the association between predictors of interest and ARDS.

RESULTS—The incidence of ARDS in the first eight days after severe isolated TBI was 30%.
Patients who developed ARDS were administered more crystalloids (4.3 vs. 3.5 L, p= 0.005) and
blood products in the first 12 hours of admission. Patients with ARDS had significantly worse
clinical outcomes measured at 28 days, including longer median lengths of ICU and hospital stays
(4 vs. 13 days, p<0.001, and 7.5 vs. 14.5 days, p<0.001, respectively). In unadjusted logistic
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regression analyses, the odds of developing ARDS were significantly associated with AIS Head
score (OR 1.8, p=0.018), male sex (OR 2.9, p=0.012), and early transfusion of platelets 2.8
(1=0.003). These associations were similar in a multivariate logistic regression model.

CONCLUSIONS—In the era of balanced hemostatic resuscitation practices, severity of head
injury, male sex, early crystalloids and early transfusion of platelets are associated with a higher
risk of ARDS after severe isolated TBI. Early transfusion of platelets after severe TBI may be a
modifiable risk factor for ARDS, and these findings invite further investigation into causal
mechanisms driving this observed association.

LEVEL OF EVIDENCE—Level Ill; Epidemiologic

Keywords

Traumatic Brain Injury (TBI); Acute Respiratory Distress Syndrome (ARDS); Platelet
Transfusion; Crystalloid

INTRODUCTION

Each year in the United States (US) 1.7 million people sustain Traumatic Brain Injury (TBI)
and 52,000 of these people die. TBI is a contributing factor to over 30% of all injury-related
deaths in the US(1, 2). Pulmonary complications are common in this population (3-9). The
development of Acute Respiratory Distress Syndrome (ARDS) after TBI is associated with
low partial pressure of oxygen in brain tissue(10), worse neurologic outcomes, and higher
health-care costs(5, 8, 11, 12). Despite the clinical importance of ARDS after TBI, little is
known about the factors driving this association or how to predict which patients are at
highest risk for ARDS (7, 13, 14).

In the general trauma population, administration of crystalloid fluids and transfusion of
blood products after injury have been strongly associated with ARDS(15-24). Although the
optimal ratio of blood products for trauma resuscitation is under investigation(25), changes
in transfusion and crystalloid resuscitation practices and may explain the decreasing
incidence of ARDS described in some recently published studies(24). While many studies
describe risk factors for ARDS after polytrauma, there is a paucity of work studying ARDS
after TBI. Isolated TBI is a distinct clinical phenotype within the general trauma population,
and it is important to study the clinical and biological pathways leading to ARDS in a well-
defined cohort of isolated TBI patients.

In this subgroup analysis of 210 patients with severe isolated TBI enrolled in a prospective
cohort study, we describe the differences in patient characteristics, transfusion practices, and
fluid management between those who developed rigorously adjudicated ARDS and those
patients who did not. In the larger trauma cohort that gave rise to this subgroup, we
previously studied predictors of ARDS versus hypoxemia without ARDS(26). The earlier
study (n= 603) included 194 of the 210 subjects described here and found that head injury
was an independent predictor of ARDS in the general trauma cohort. This subgroup analysis
builds on these findings and describes risk factors for ARDS after severe TBI in the absence
of other serious injuries. This study represents a novel approach to understanding the
relationship between TBI and ARDS for two reasons: the restricted cohort of isolated TBI
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limits confounding by other injuries, and the association of transfusion of specific blood
products with ARDS after TBI is rigorously tested.

MATERIALS AND METHODS

We studied 210 patients with isolated severe TBI enrolled in a larger prospective
observational cohort study at San Francisco General Hospital, a Level 1 trauma center
affiliated with the University of California San Francisco (UCSF) between 2005 and 2014.
Data collection methods have been described in detail previously(27). Comprehensive
demographic and clinical data were prospectively collected on critically injured patients
with the highest-level trauma activation. All included subjects included in this sub-study
required intubation and mechanical ventilation, and survived at least six hours from time of
admission; data was collected for 28 days following admission. Subjects had an AIS Head
Score = 3 with confirmed findings of TBI on head computed tomography scans obtained on
the day of admission. Subjects with severe injuries in any other body region, defined as AIS
score =3 in any other category, were excluded. Massive transfusion was defined as = 10 units
of packed red blood cells (pRBCs) transfused in 24 hours. Multi-organ failure was defined
using the Denver Postinjury Multiple Organ Failure Score (28). A rigorous two-physician
ARDS adjudication protocol was used to identify cases according to the Berlin definition in
the first 8 days of admission (26, 29).

Data are presented as mean + standard deviation, median (interquartile range), or n
(percentage). Univariate comparisons were made using Student’s #test for normally
distributed data and Wilcoxon rank sum for skewed data. In exploratory univariate analyses,
a < 0.2 was considered significant for further investigation with regression models. In all
other analyses, a < 0.05 was considered significant. Univariate logistic regression models
were used to test the association between all biologically plausible predictors and ARDS. An
a priori data analysis plan used univariate logistic regression models to test for differential
risk of ARDS by patient characteristics and process of care variables. One subject had an
AIS Head score of 6, a non-survivable injury, and was excluded from the multivariable
logistic regression analyses to facilitate modeling comparisons of AIS Head scores in the
other three categories (AIS 3-5). Multivariate models included interaction terms between
blood products. Two period effects were considered in the models. First, the American
Association of Blood Banks policies eliminated plasma and platelets from previously
pregnant female donors in 2007 and 2008(30). Second, a randomized controlled trial of two
blood product ratios for trauma resuscitation enrolled patients at this center from August
2012 through November 2013(25). This was a negative study but could have influenced
clinical practice patterns. A sensitivity analysis was performed to address potential bias
introduced by errors in time ordering of exposure to blood product and ARDS outcomes by
excluding 14 subjects who developed ARDS in the first 24 hours of admission. A
multivariable model included all variables found with biologic plausibility, and backwards
elimination was performed using likelihood ratio testing to establish the final model
presented in this manuscript. Area under the receiver operator curve (AUROC) was
calculated as a measure of model fit. Evaluation for survival bias was performed by
excluding subjects who died and using a composite outcome for of ARDS or death in the
first seven days after admission for both univariate and multivariate models [(Table 5.,
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Supplemental Digital Content (SDC)]. Additionally, survival bias was evaluated with
Kaplan-Meir curves [(Figure 3., Supplemental Digital Content (SDC)] and Cox-proportional
Hazard Models for ARDS in the first seven days of hospitalization accounting for censoring
by death. We conducted post-hoc analyses to better understand the relationship between
platelet transfusion and ARDS. We compared the clinical characteristics, including
hematologic parameters and the incidence of ventilator associated pneumonia (VAP),
adjudicated by the Infectious Diseases Division, between subjects who received early
platelet transfusions and those who did not. To explore potential immunomodulatory
activity, we tested the association between platelet transfusion and VAP using the same
logistic regression modeling protocol outlined above. All analyses were performed using
STATA version 13 (StataCorp, College Station, TX).

Demographics and Clinical Characteristics by ARDS Status

The cohort demographics and clinical characteristics are representative of a standard
severely injured trauma population, 75% male, with a median age of 43 years (IQR 27-64
years), and predominantly bluntly injured patients (85%). The incidence of ARDS in the
first eight days after severe isolated TBI was 30%. Of the 62 cases of ARDS, 20 (32%) were
mild, 30 (49%) were moderate, and 12 (19%) were severe by Berlin Criteria. There were no
significant differences in the admission GCS score, race, ethnicity, or BMI between subjects
who developed ARDS and those who did not (Table 1). Subjects who developed ARDS were
more likely to be male (87% vs. 70%, p-value= 0.010), more likely to have a base deficit of
<-6 in the first 12 hours (26% vs. 1%, p-value= 0.005), and there was a trend toward a more
positive fluid balance on the day of admission among those who developed ARDS [median
+2.3L (IQR —-300- +4440) vs. +1.0L(IQR —190- +2320), p-value= 0.06]. There were no
significant differences in AIS Chest, Abdomen, or Extremity scores between those who
developed ARDS and those who did not. AIS Head scores were significantly higher in
subjects who developed ARDS. There was a trend towards higher rates of neurosurgical
interventions, craniotomy or craniectomy, among those who developed ARDS (53% vs.
43%, p-value=0.066). There was no significant difference in median admission platelet
counts among patients who developed ARDS compared with those who did not [251 (IQR
198-307) vs. 272 (IQR 222-323)) 103/uL, (p-value =0.13)]. Prior diagnoses of chronic
respiratory and cardiac illnesses were uncommon in this cohort: asthma, 7%, chronic
obstructive pulmonary disease, 1%, coronary artery disease, 5%, congestive heart failure,
1%, and no patients with interstitial lung disease.

Clinical Outcomes by ARDS Status

Although the mortality rate was not significantly different between those who developed
ARDS and those who did not (42% vs. 36%, p-value=0.46), patients with ARDS had
significantly longer lengths of ICU and hospital stays (median 13 vs. 4 days and 14.5 vs. 7.5
days, respectively) (Table 1). Patients with ARDS required longer duration of mechanical
ventilation among survivors (median 14.5 vs. 3 days). There were fewer ventilator-free days
among patients with ARDS compared to those without (median 0 vs. 16.5). Because
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respiratory failure is included in the definition of multiorgan failure, it is expected that
patients with ARDS had higher rates of multiorgan failure (47% vs. 6%).

of Blood Products by ARDS Status

All crystalloid exposures and transfusion of specific blood products presented here occurred
in the first 12 hours of admission and are heretofore referred to as early. Transfusion of
blood products was common in this cohort, and 51% of subjects received at least one
transfusion. Subjects who developed ARDS received larger volumes of early crystalloid
infusions than those who did not develop ARDS [median 4.3L (IQR 2.5-6.5L) vs. 3.5L
(IQR 2.0-4.5L), p-value =0.005](Table 2). Subjects who developed ARDS were more likely
to have received early transfusion platelets (34% vs. 16%, p-value =0.003), and massive
transfusion, defined as = 10 units of pRBCs in the first 24 hours, (19% vs. 5%, p-value
=0.002). In the time-ordering sensitivity analyses, we excluded 14 subjects with ARDS
diagnosed in the first 24 hours of admission who made up 23% of all ARDS cases, and this
did not change the results substantially [(Table 6., Supplemental Digital Content (SDC)].
Notably, in a balanced approach to hemostatic resuscitation all subjects who received
massive transfusions also received early platelet transfusions. Conversely, 20 (45%) of
patients who received early transfusion of platelets received massive transfusion. Although
there is significant covariate overlap between early platelet transfusion and other markers for
severity of injury this overlap is incomplete (3): 80% of patients who received early platelet
transfusion underwent neurosurgical interventions, but only 36% of patients who underwent
neurosurgical interventions received early platelet transfusions.

Univariate Logistic Regression Models

Multivariate

In univariate logistic regression, severity of head injury measured by AIS Head, male sex,
massive transfusion, early platelet transfusion, and crystalloid fluid administration conferred
significantly higher odds of ARDS (p<0.05, Table 4). The association between platelet
transfusion and ARDS was significant for both the 0-6 hour interval [OR 2.9 (95%CI 1.3-
6.3, p-value=0.009] and the 7—24 hour interval [OR 11.7 (95%CI 1.3-106, p-value=0.03]
and there were no patients who received platelets in the 7-24 hours interval but not in the 0—
12 hour interval. After excluding patients with massive transfusion, the odds of ARDS after
early platelet transfusion was 1.9 and the variable still met the met a priori cut off for
inclusion in the multivariate model (p-value=0.171).

Logistic Regression Model

A multivariate logistic regression model incorporated variables with significant univariate
associations with ARDS (p<0.2 considered significant or model building), along with a
priori designated characteristics, including age (Table 4). The final multivariable model
included severity of head injury (AIS score), male sex, early platelet transfusion, and
crystalloid infusion (AUROC =0.72, n of 208 and 61 patients with ARDS). In the final
adjusted model, early transfusion of platelets conferred a 2.5 fold increase in the odds of
ARDS (95%CI 1.2-5.3) and men had a 2.9 fold increase in the odds of ARDS (95%CI 1.2—
6.9). Adjusting for severity of head injury, sex, and early transfusion of platelets, each liter
of crystalloid infused did not substantively change the point estimate of the odd ratio for
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ARDS. However, the deleterious effects of crystalloid resuscitation are well documented,
and although the logistic regression coefficient on this variable is very close to 1.0, in part
because of the wide range of values (0-17 liters), it was included in the final model because
it improved the fit and changed the point estimates on other variables (31).

Evaluation for Survival Bias

There is no evidence of survival bias influencing the observed association between early
platelet transfusion and ARDS [(Table 5., Supplemental Digital Content (SDC)]. In
regression models excluding subjects who died, the odds of ARDS were significantly higher
among those who received early platelet transfusion in both the univariate and multivariate
models (OR 3.7, p= 0.001 and OR 3.7 p= 0.02, respectively). Regression models using a
composite outcome of ARDS or death showed similar results. In a Cox model accounting
for censoring by death, the unadjusted hazard ratio for ARDS after early platelet transfusion
was 2.6 (95%Cl 1.5-4.4, p-value=<0.001). Adjusting for male sex, AlS Head score, and
crystalloid infusion, the hazard ratio for ARDS after early platelet transfusion was 1.9
(95%CI 1.1-3.3, p-value<0.02).

Effect Modification, Covariate Overlap, and Period Effects

The interaction terms between early platelet and FFP transfusions and early platelet and
PRBC transfusion included in the multivariate model were not significant [p-value = 0.58
and 0.90, respectively, (Table 7., Supplemental Digital Content (SDC)].). Co-administration
of blood products is common in this cohort because of balanced transfusion practices for
trauma resuscitation: 39 (89%) of subjects receiving early platelets were also transfused with
early pRBCS, 36 (81%) were transfused with early FFP, and 20 (45%) received massive
transfusion. This covariate overlap was considered in evaluation of the final multivariate
model. Early transfusion of pRBCs and FFP did not improve the fit of the multivariate
logistic regression model, did not substantively change the pointe estimate of the platelet
variable, and were eliminated.

To address concerns that platelet transfusion may simply be a marker for patients undergoing
neurosurgical interventions or those receiving massive transfusion, separate models were
created substituting craniectomy and craniotomy for AlS Head and massive transfusion
without specific adjustment for platelet transfusion [(Table 8., Supplemental Digital Content
(SDC)]. Because massive transfusion may be a marker for more severe injury not captured
by AIS, the multivariate analyses were repeated after excluding patients with massive
transfusion and the estimate of the effect of early platelet transfusion on the odds of ARDS
was mildly attenuated [(Table 9., Supplemental Digital Content (SDC)]. Adjusting for
platelet count on emergency department arrival did not improve the multivariate model
(likelihood ratio test p-value =0.32) Neither of the period effects described in the methods
section substantially changed the magnitude, direction, or precision of the estimates of these
associations in the multivariate model.

Clinical Characteristics Associated with Early Platelet Transfusion

Admission platelet counts were significantly lower in subjects who received any platelet
transfusions in the first 12 hours of hospital admission (222 + 83 vs. 279+ 81 k/uL, p
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<0.001) (Figure 1). Only 4 (9%) of the 44 subjects who received early platelet transfusions
had admission platelet counts <100,000/uL) and 14 (32%) of these 44 subjects had platelet
counts <100,000/uL on any lab value measured in the first 12 hours after admission. Among
subjects who were given early platelet transfusions, there was no difference in admission
platelet counts among those who went on to develop ARDS and those who did not develop
ARDS (212 + 87 vs. 229 £+ 80 k/pL, p=0.28). Excluding subjects who did not get massive
transfusion, admission platelet counts were significantly lower among those who got
platelets in the first 12 hours of admission (198 + 82 vs. 279 + 81 k/uL, p=<0.001), and 3
(12%) of the patients given platelet transfusion but not massive transfusion had admission
platelet counts < 100,000/uL. Of the 44 patients who received early platelet transfusions, 5
were known to be taking aspirin prior to admission and 3 of these were also on clopidogrel.
Partial thromboplastin time (PTT) on ED arrival was significantly higher among subjects
who went on to receive early platelet transfusion compared to those who did not receive
platelets [30 (IQR 26-35) seconds vs. 28 (IQR 26-30) seconds, p-value=0.02). International
normalized ratio (INR) on arrival to the ED was significantly higher among patients who
received early platelet transfusions compared to those who did not [1.2 (IQR 1.1-1.3) vs. 1.1
(IQR 1.0-1.2), p-value=0.0014]. Admission hemoglobin concentration was significantly
lower in subjects who received any early platelet transfusions (13.2+2.3 vs. 141+ 1.7, p
=0.0015).

Platelet Transfusion and Ventilator Associated Pneumonia (VAP

VAP rates were higher among patients who received early platelet transfusion compared to
those who did not (23% vs. 8.1%, p-value =0.008). In univariate logistic regression, the odds
of VAP were higher among patients who received early platelet transfusions compared to
those who did not (OR 3.2 95%CI 1.2-7.25 p-value 0.011). A low incidence of VAP (11%,
24 cases) limits meaningful multivariate logistic regression modeling.

DISCUSSION

Our findings demonstrate that in the era of modern hemostatic resuscitation practices, male
sex and severity of head injury, as well as early administration of crystalloids and platelets
after severe isolated TBI are associated with a higher risk of developing ARDS (Figure 2).
Male sex could confer a higher risk of ARDS because it is a surrogate for behaviors that are
more common among men, such as tobacco or alcohol use, or it could represent a
differential response to injury or processes of care between sexes(32—-34). Consistent with
findings from earlier studies, our analyses show that more severe head injury confers a
higher risk of ARDS(5, 6). The association between crystalloids and ARDS is not unique to
this cohort of isolated TBI and also reported in the larger cohort of intubated trauma patients
that gave rise to this subgroup(26). The deleterious effects of crystalloid fluid resuscitation
on many organ systems are well established(31).

After adjusting for severity of head injury, sex, and crystalloid infusion, transfusion of
platelets in the first 12 hours is associated with increased risk of ARDS (OR 2.5, 95%ClI
1.2-5.3, p-value =0.015). This risk is not a surrogate for massive transfusion and is
independent of platelet count upon arrival to the ED. The high degree of covariate overlap
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between platelet transfusions and transfusion of other blood products contributes to the
ability of the platelet variable to explain the effects of massive transfusion and early
transfusion of any pRBCs or FFP. However, these other variables did not improve the fit of
the regression model and there was no evidence of effect modification between blood
products. Taken together, these findings support the hypothesis that this variable captures
specific pathogenic pathways causing ARDS after TBI. Furthermore, the effects of early
platelet transfusion were only mildly attenuated when patients who received massive
transfusion were excluded from the analysis [(Table 9., Supplemental Digital Content
(SDC)]. There is no evidence of survival bias [(Table 5., Supplemental Digital Content
(SDC)].

One potential explanation for the association of platelet transfusion and ARDS after TBI is
that administered platelets themselves could have adverse effects possibly involving innate
immune responses such as neutrophil extracellular traps or soluble mediators (35-37). Some
studies have shown an association between platelet transfusion and infection in other
surgical populations(38, 39). The association between platelet transfusion and VAP is
consistent with the possibility that transfused platelets may have an adverse effect on the
immune system after TBI.

An alternative, but not mutually exclusive, explanation for the observed association of
platelet transfusion and ARDS is confounding by indication. Platelet transfusions may be
prescribed to a subset of isolated TBI patients who are more severely injured or ill in ways
that are not captured by AIS and ISS scores, neurosurgical interventions, or other factors
included in the regression models. Early transfusion of platelets could identify patients with
a more severe systemic response to brain injury including sequestration of platelets in the
lungs, or platelet dysfunction or coagulopathy that is not reflected in platelet counts, PTT or
INR on ED arrival (36, 40, 41). Because the physicians at this study site do not use
functional platelet testing for clinical decision-making, platelet transfusion in this cohort was
not in response to un-reported laboratory values that quantify platelet function. Given that
greater than 80% of subjects who received early platelet transfusion also received FFP and
pRBCs early, it is likely that many platelet transfusions were given as part of a balanced
approach to hemostatic resuscitation.

Previously, the effects of ARDS on clinical outcomes after TBI have been separately
reported from studies of the association between transfusion of blood products and clinical
outcomes after TBI(5, 6, 42—44). Interpreting our findings in the context of existing
literature on TBI and transfusions is challenging because many of these studies either
exclude isolated TBI or do not distinguish between TBI with and without polytrauma. In the
largest pertinent study, Anglin ef al. analyzed data combined from three prospective cohort
studies to describe the relationship transfusion of specific blood products and long-term
functional outcomes among patients with TBI and coagulopathy, thrombocytopenia, or
anemia, with and without other injuries(42). In adjusted models, transfusion of FFP, but not
platelets, was associated with worse clinical outcomes. Similarly, an earlier study of trauma
patients with hemorrhagic shock, excluding patients with isolated TBI, found an association
between FFP and worse clinical outcomes, but no association between transfusion of
platelets and ARDS (18). Interestingly, a propensity matched retrospective study found no
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difference in the rate of hemorrhage progression or mortality between patients who received
co-administration of platelets and desmopressin compared to patients who received neither
after traumatic intracranial hemorrhage(43). The variable effects of transfusion of specific
blood products on clinical outcomes may be attributed to the heterogeneous populations
enrolled in these studies as well as differences in the outcome of interest.

Coagulopathy of trauma is common after isolated TBI, and hematologic dysfunction is part
a systemic response to injury that results in multiorgan failure and is associated with poor
clinical outcomes(9, 45-47). Early transfusion of platelets may be necessary for survival and
control of bleeding, but also have untoward effects on the systemic response to injury
including ARDS(48). A better understanding of the biology driving ARDS after TBI is
needed to balance the benefits of managing coagulopathy while mitigating adverse effects of
transfused blood products. Platelet transfusion may be a potentially modifiable risk factor
for ARDS after severe TBI. However, the benefits of balanced transfusion practices may
well outweigh the risks of complications such as ARDS. Even so, identifying risks
associated with transfusion is important as it may lead to improved clinical outcomes
through co-interventions. For example, protocols implementing lung protective ventilation
strategies and closer monitoring for detection of pulmonary edema in patients who require
platelets transfusions could help clinicians identify and treat ARDS after TBI more
effectively and thereby avoid prolonged hypoxemia and secondary brain injury.

The strengths of this study include the prospective data collection and rigorous adjudication
of ARDS outcomes a homogenous cohort of isolated TBI with limited confounding due to
concomitant traumatic injuries(26, 29, 49). To our knowledge ours is the first study to
describe the relationship of transfusions of blood products and the risk of ARDS after severe
isolated TBI. Careful attention to both time ordering of exposure to blood products and
adjudication of ARDS strengthen the rationale for a causal interpretation of the association
between early platelet transfusion and ARDS after severe isolated TBI. From the data
presented here, we cannot conclude that the platelets caused the lung injury. Rather, we
propose that platelet transfusion is a marker for several potential mechanisms of lung injury
after TBI. This study has several limitations. Although the data for this study was
prospectively collected, this avenue of investigation is a secondary data analysis and not part
of the main study objective. There is limited data available about clinician decisions for
transfusion and insufficient data on functional testing for platelet-driven coagulopathy to
facilitate meaningful analyses. As a single-center study, these findings may be less
generalizable. Additionally, the AIS classification does not capture the subtlety of
differences in injury severity that may have important clinical implications. Intracranial
hypertension has been associated with ARDS after TBI, but we do not have data from
invasive monitoring on enough subjects of this cohort to study the relationship of ICP to the
other variables presented here(50).

In this nested cohort study we describe important epidemiologic findings that may guide
translational research to prevent and treat ARDS after TBI, and thereby improve clinical
outcomes in this vulnerable population.
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Table 1
Demographic and Clinical Features of 210 Patients with Isolated Severe Traumatic Brain Injury With and
Without ARDS
Without ARDS  With ARDS  _yaje*
(n=148) (n=62)
Patient Characteristics
Age (years) 47 £ 22 45+ 21 0.6
Male sex 104 (70) 54 (87) 0.01
Blunt injury 125 (84) 53 (85) 0.85
Admission GCS 7 (3-10) 6 (3-10) 0.69
Head AIS 5 (4-5) 5 (5-5) 0.018
Head AIS >3 123 (83) 58 (94) 0.045
Craniotomy or Craniectomy 63 (43) 35 (56) 0.066
Chest AIS>0 18 (12) 8 (13) 0.88
Any Rib Fractures 13(9) 7(11) 0.57
Skin AIS>0 125 (85) 35 (73) 0.013
Injury Severity Score (ISS)f 26 (19-30) 26 (25-30) 043
ISS Excluding Head and Face AIS Scores? 1(1-2) 1(0-2) 0.04
Base Deficit <6 in first 12h 15 (11) 16 (26) 0.005
Platelet Count (k/uL) ¥’ 272 (222-323)  251(198-307)  0.13
PTT (seconds) ¥’ 28 (26-31) 28 (26-32) 0.38
INRY 1102 1.2¢0.2 0.46
Hemoglobin (g/dL) ¥’ 13.7¢18 13.8+2.1 0.41
Clinical Outcomes at 28 days
Multi-organ failure 9 (6) 29 (47) <0.001
Length of ICU Stay 4 (2-8) 13 (7-24) <0.001
Length of Hospital Stay 7.5 (3-17) 14.5 (8-28) <0.001
Ventilator Days Among Survivors 3(2-8) 14.5(7.5-25.5)  <0.001
Ventilator Free Days 16.5 (0-26) 0 (0-13) <0.001
All cause mortality 54 (36) 26 (42) 0.46

Definitions of abbreviations: GCS= Glasgow Coma Scale; AlS= Abbreviated Injury Score; 1ISS= Injury Severity Score; PTT=partial thromboplastin

time, INR=International normalized ratio

Findings presented as mean + SD, n(%), and median (IQR) as appropriate

*
pvalue refers to unpaired t-test for age, Wilcoxon rank-sum test for all other continuous variables, and unordered XZ tests for all dichotomous

predictors

fDichotomized variable of presence or absence of any rib fractures on chest radiographs on the day of admission

'fISS calculated as the sum of the squares of the three most severely injured body regions determined by AIS scores

¥ . .
Laboratory values obtained on arrival to the Emergency Department
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Table 2

Early Resuscitation and ARDS in After Isolated Severe Traumatic Brain Injury

Transfused 0-12 hrsT ~ Without ARDS  With ARDS  _yq)ye™

(n=148) (n=62)
Any blood product” 68 (46) 37 (60) 0.069
Massive Transfusion? 8(5) 12 (19) 0.002
Any prBC’ 60 (41) 34 (55) 0.057
Any platelet” 23 (16) 21 (34) 0.003
Any FFP7 44 (30) 27 (44) 0.053
Any cryoprecipitate 7(5) 3(5) 0.97

Crystalloid 0-12hrs (L)~ 3.5 (2.0-45)  4.3(2.5-65)  0.005

Definitions of abbreviations. pRBC = packed red blood cells; FFP = fresh frozen plasma;

Data presented as n (%) for all transfusion related variables and median (IQR) for crystalloid data.
*
p-value refers to a rank-sum test for crystalloid and unordered XZ tests for all transfusion variables
f“Any” refers to at least one unit of specified blood product administered in the first 12 hours of hospital admission

JtMassive transfusion is defined as = 10 units of packed red blood cells in the first 24 hours of admission
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Table 3

Overlap of Early Platelet” Transfusion with Massive Transfusion, Severity of Head Injury, and Neurosurgical
Interventions

Any Platelet” Transfusion

n(%o)
Craniotomy or Craniectomy (n=98) 35 (36)
AIS Head = 3 (n=29) 2(7)
AlS Head = 4 (n=37) 4(11)
AIS Head = 5 (n=143) 38 (27)
AIS Head =6 (n=1) 0
Massive Transfusionf(n=20) 20 (100) ¥
Any Early pRBC 7(n:94) 39 (41)

TEarIy transfusion defined as at least one unit administered in the first 12 hours of hospital admission
’tMassive transfusion is defined as = 10 units of packed red blood cells in the first 24 hours of admission.

Y. . . . . . .
24(55%) of patients who received early platelets, did not receive massive transfusion.
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Logistic Regression Analyses of ARDS after Isolated Severe TBI

Table 4

Odds 95% Cl  p-value AUROC
Predictor Ratio
Univariate Models
AIS Head > 3 2.9 1.0-8.9 0.054 0.55
AlS Head ¥ 18 1129 0018 0.59
Craniectomy or Craniotomy 17 1.0-3.2 0.067 0.57
Male 29 1.3-6.5 0.012 0.58
Any blood product 0-12h7 17 1032 0071 057
Massive transfusion? 42 17111 0003 057
Any platelets 0-12h 2.8 1.4-55 0.004 0.54
Any platelets 0-12h, excluding massive transfusion 1.9 0.7-4.4 0.171 0.57
Any pRBCs 0-12h 18  10-32  0.059 0.57
Any FFP 0-12h 1.8 1.0-34 0.055 0.57
Crystalloid fluids 0-12h (per L) 1.0 1.0-1.0 0.007 0.62
Full Multivariate Model 0.71
AIS Head ¥ 14 0924 018
Male 29  12-69 0015
Crystalloid fluids 0-12h (per L) 1.0 1.0-1.0 0.15
Any platelets 0-12h 25 1.2-5.3 0.015
Nested Multivariate Model 0.68
AIS Head ¥ 15 09-26  0.103
Male 26  11-60  0.026
Crystalloid fluids 0-12h (per L) 1.0 1.0-1.0 0.056

Likelihood ratio test: p=0.015

Page 19

Definitions of abbreviations: AUROC= area under receiver operator curve, pRBC = packed red blood cells; FFP = fresh frozen plasma; h=hours

from Emergency Department arrival, L= liter

AIS Head per 1 unit change can take on the potential values of 3, 4, 5, or 6 in this analysis, test for departure from linear trend is not significant

fAny transfusion includes specified blood product administered in the first 12 hours of hospital admission

’tMassive transfusion is defined as = 10 units of packed red blood cells in the first 24 hours of admissionn
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