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Background. Leukotriene B4 (LTB4), a proinflammatory lipid mediator correlates well with the acute phase of Acute Respiratory
Distress Syndrome (ARDS). Therefore, LTB4-levels were investigated to determine whether they might be a useful clinical marker
in predicting pulmonary complications (PC) in multiply traumatized patients. Methods. Plasma levels of LTB4 were determined
in 100 patients on admission (ED) and for five consecutive days (daily). Twenty healthy volunteers served as control. LTB4-
levels were measured by ELISA. Thirty patients developed PC (pneumonia, respiratory failure, acute lung injury (ALI), ARDS,
pulmonary embolism) and 70 had no PC (ØPC). Results. LTB4-levels in the PC-group [127.8 pg/mL, IQR: 104–200pg/ml] were
significantly higher compared to the ØPC-group on admission [95.6 pg/mL, IQR: 55–143 pg/mL] or control-group [58.4 pg/mL,
IQR: 36–108 pg/mL]. LTB4 continuously declined to basal levels from day 1 to 5 without differences between the groups. The
cutoff to predict PC was calculated at 109.6 pg/mL (72% specificity, 67% sensitivity). LTB4 was not influenced by overall or chest
injury severity, age, gender or massive transfusion. Patients with PC received mechanical ventilation for a significantly longer
period of time, and had prolonged intensive care unit and overall hospital stay. Conclusion. High LTB4-levels indicate risk for PC
development in multiply traumatized patients.

1. Introduction

Trauma patients are at high risk of developing respiratory
complications such as pneumonia, respiratory failure, Acute
Lung Injury (ALI), Acute Respiratory Distress Syndrome
(ARDS), and pulmonary embolism. Following multiple or-
gan failure (MOF) and sepsis, respiratory complications are
among the most common causes of morbidity and mor-
tality for trauma patients surviving the initial postinjury
phase [1–5]. The overall mortality from ARDS is still up to
50% [6–8]. Multiply traumatized patients have shown 10%
mortality following ALI [9]. Approximately 20% of major
trauma admissions develop ARDS or ARDS like pulmonary
dysfunction. This represents one of the most frequent
complications in these patients and is the major contributor
to morbidity and mortality in trauma patients [3, 10, 11].

Several airway diseases including ALI/ARDS are closely
associated with neutrophil infiltration of the airway wall
[12]. Neutrophils release a variety of oxidants, as well as
degradative and proteolytic enzymes, which induce lung

inflammation with subsequent airway remodelling, micro-
vascular damage, and lung tissue injury [12–14]. Persistence
of neutrophils in the lungs is an important contributing
factor to poor survival [15, 16].

Leukotriene (LT) B4 is a proinflammatory lipid medi-
ator derived from the 5-lipoxygenase (5-LO) pathway of
arachidonic acid metabolism [17–20]. LTB4 is a potent
chemoattractant which also exerts leukocyte activating abili-
ties and plays a crucial role in neutrophil migration [21–24].
LTB4 induces neutrophil adherence to endothelial cells,
promotes chemotaxis, stimulates the generation and release
of oxidants, and increases 5-LO activation in neutrophils,
resulting in enhanced LTB4 synthesis [17, 18, 25]. Patients
with pulmonary disease have elevated levels of LTB4 indi-
cating its proinflammatory role [25–27]. LTB4 concentra-
tions are enhanced in bronchoalveolar lage (BAL) fluid
of ALI/ARDS and chronic obstructive pulmonary disease
(COPD) patients [27, 28]. Recently, it has been reported
that LTB4 and its metabolites, due to a “priming” effect
on neutrophils, plays an important role in the development
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of polymorphonuclear-neutrophils-(PMN-) induced lung
injury [29]. The priming effect of sequestered neutrophils
in the lungs leads to their “hyperfunction.” This results in
an exaggerated inflammatory cell response to a secondary
stimulus potentially inducing lung complications [30–32].
Early identification of high-risk patients for respiratory com-
plications after trauma is important in determining subse-
quent treatment. The potential prognostic role of LTB4 in
major trauma patients, suffering lung complications in a later
postinjury phase, remains unclarified.

We hypothesize that high levels of LTB4 in the plasma
of multiply traumatized patients indicate not only a strong
proinflammatory response, but may also serve to identify
patients at risk for imminent lung complications.

2. Methods

2.1. Ethics. This study was performed in the Goethe Univer-
sity Hospital with ethical approval (167/05, in accordance
with the Declaration of Helsinki and following STROBE-
guidelines) [33]. All patients signed the informed consent
forms themselves or informed consent was obtained from
relatives in accordance with ethical standards.

2.2. Patients. Inclusion criteria consisted of a history of
acute blunt or penetrating trauma with an Injury Severity
Score (ISS) ≥ 16 in any patient between 18 and 80 years of
age. Burns, concomitant acute myocardial infarction, and/or
lethal injury were exclusion criteria.

Blood samples were obtained from 100 multiply trauma-
tized patients on admittance to the emergency department
(ED), and daily for 5 days following the trauma. Upon arrival
at the ED, vital signs were documented. Trauma severity was
scored using the Abbreviated Injury Scale (AIS) [34–36].
In addition, ISS was calculated [37]. Patients with an ISS
from 16–24 were classified as substantially injured patients,
patients with an ISS from 25–39 were substantially/severely
injured patients and patients with an ISS ≥ 40 were
considered severely injured patients.

Pulmonary complications were defined as nosocomial
pneumonia, ALI/ARDS, pulmonary embolism, and/or respi-
ratory failure as described below. Pneumonia was defined by
radiologic, clinical, and bacteriologic findings with the pres-
ence of new pulmonary infiltrates and at least one of the fol-
lowing criteria: positive blood culture, BAL, and/or sputum
culture [38]. Lung injury was assessed using the American-
European Consensus Conference criteria for ARDS [39]. Pul-
monary embolism was diagnosed by computed tomography
(CT), and pulmonary edema was diagnosed either by CT
scan or chest X-ray. Respiratory failure was defined as the
need for prolonged weaning or reintubation.

The control group included 20 healthy nonsmoking
volunteers with un known chronic disease and no history of
abdominal trauma or abdominal surgery within the past 24
months.

2.3. Blood Processing and Analysis. Blood samples were
collected as early as possible after injury in prechilled eth-
ylenediaminetetraacetic acid (EDTA) vacuum tubes (BD

vacutainer, Becton Dickinson Diagnostics, Aalst, Belgium)
and kept on ice. Blood was centrifuged at 2000 ×g for 15
minutes at 4◦C. The supernatant was stored at −80◦C until
batch sample analysis.

The mean time between the injury and first blood sample
taken directly upon admittance to the ED was 83 ± 7 min.
Specimens were used for duplicate measurement of LTB4
levels. LTB4 was determined using a highly specific com-
mercially available ELISA (LTB4 Parameter Assay Kit, R&D
Systems, Minneapolis, USA) according to the manufacturer’s
instructions. The detection limit was 27.6 pg/mL for LTB4.

2.4. Statistics. Kolmogoroff-Smirnoff-Lillieford’s test showed
that the plasma concentration of LTB4 was not Gaussian-
distributed. Median LTB4 levels for each of the 3 groups were
compared using the Kruskal-Wallis test and the post hoc an-
alysis was performed with Dunn’s multiple comparison test.
Data are presented as the median (interquartile range, IQR)
or mean ± sem unless otherwise stated. A P value < 0.05 was
considered statistically significant. Receiver-operator curves
were generated to analyze the optimal cutoff levels. GraphPad
Prism 5.0 software (GraphPad Software Inc. San Diego, CA)
was used to perform the statistical analysis and computa-
tions.

3. Results

The total group consisted of 100 patients (24 female, 76
male), 98% suffering from blunt and 2% from penetrating
trauma. All patients were substantially injured (ISS: 34.0 ±
1.7). Of these, 30 patients with an ISS of 33.7±1.6 developed
secondary pulmonary complications. Seventy patients with
an ISS of 34.1 ± 1.3 had no pulmonary complications. The
AISchest was comparable in both groups (3.1±0.2 in the ØPC
group and 3.5 ± 0.2 in the PC group). Time on mechanical
ventilation, length of stay in the ICU and hospital were
significantly prolonged in the PC group. Additionally, more
patients developed sepsis (P < 0.05), organ failure, and MOF
in the PC group. In-hospital mortality was also increased.
Table 1 summarizes general patient characteristics and phys-
iologic parameters in the study population. Table 2 depicts
the type, severity, and cause of injury.

Figure 1 shows the distribution of plasma LTB4 values
in the first sample obtained in the ED and subsequent daily
measurements for five consecutive days. Median concentra-
tions (and IQR) of LTB4 in trauma patients on admission
were significantly increased compared to healthy controls
(106.1 (62–159) pg/mL versus 58.4 (36–108) pg/mL, P <
0.05, Figure 1). The LTB4 levels on admission were also sig-
nificantly elevated compared with levels at day 1 until day 5.

To investigate the relation between the injury severity
and LTB4 concentrations determined in the ED, the study
population was subdivided into three groups: seriously
injured patients (ISS: 16–24, n = 17), seriously/severely
injured patients (ISS: 25–39, n = 54), and severely injured
patients (ISS: ≥40, n = 29). Plasma LTB4 concentrations in
each group were markedly enhanced (112.8 (68–167) pg/mL,
107.6 (48–164) pg/mL, and 105.3 (62–148) pg/mL, resp.)
compared with healthy volunteers 58.4 (36–108) pg/mL, but
this tendency was not significant (Figure 2(a)).
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Table 1: Summary of patient characteristics and physiologic parameters in the investigated groups (ØPC: no pulmonary complications, PC:
pulmonary complications and ctrl, data are presented as mean ± SEM unless otherwise stated).

Patient characteristics All patients (n = 100) PC (n = 30) ØPC (n = 70) ctrl (n = 20) P value(PC versus ØPC)

Age (years) 39.2± 1.7 42.8± 3.4 37.9± 1.9 32.3± 2.8 0.2241

Sex (male) 76 20 56 7 —

Injury severity score 34.0± 1.0 33.7± 1.6 34.1± 1.3 — 1.0000

Surgery after admission 69.0% 76.7% 70.8% — 0.6218

Thoracic drainage 34.0% 53.3% 25.7% — 0.0191

Packed red blood cells (pRBC)/250 mL (24 h) 7.4± 1.2 8.6± 1.9 7.2± 1.5 — 0.2739

Massive transfusion (≥10 units pRBC in 24) 20.0% 26.7% 17.4% — 0.6007

Haemoglobin (g/dL) 11.5± 0.3 9.9± 0.7 12.6± 0.3 — 0.0044

Intubation 73.0% 96.7% 81.4% — 0.0762

Intubation duration (d) 9.9± 1.1 18.4± 2.7 6.4± 0.8 — <0.0001

Rotational bed therapy 62.0% 86.7% 51.4% — 0.0020

Rotational bed Therapy (d) 3.9± 0.5 5.3± 0.7 3.4± 0.6 — 0.0070

Intensive care period (d) 12.8± 1.3 22.4± 3.1 8.9± 0.9 — <0.0001

Hospital stay 24.1± 2.0 32.5± 5.2 20.5± 1.7 — <0.0001

Sepsis (n/%) 16/16.0% 11/36.7% 5/7.1% — 0.0162

Organ failure (n/%) 8/8.0% 5/16.7% 3/4.3% — 0.3137

MOF (n/%) 4/4.0% 3/10.0% 1/1.4% — 0.4889

Hospital mortality (n/%) 6/6.0% 3/10.0% 3/4.3% — 0.6390

LTB4 (pg/mL, interquartile range) 105.9 (96.7) 127.8 (96.5) 95.6 (88) 58.4 (72.1) 0.0140

Table 2: Overview of type and mechanisms of injuries within the two investigated groups groups (ØPC: no pulmonary complications, PC:
pulmonary complications and ctrl, data are presented as mean ± SEM).

Group All patients (n = 100) PC (n = 30) ØPC (n = 70) P value (PC versus ØPC)

Abbreviated injury severity-scale (AIS, mean ± sem)

AIS head 2.5± 0.2 2.3± 0.3 2.6± 0.2 0.4332

AIS chest 3.2± 0.1 3.5± 0.2 3.1± 0.2 0.1008

AIS abdomen 1.9± 0.1 1.9± 0.2 2.0± 0.2 0.8208

AIS extremities & external 2.2± 0.1 2.4± 0.2 2.2± 0.2 0.3601

Mechanism of Injury (n)

Blunt 98 29 69 —

Penetrating 2 1 1 —

Accident mechanism (n/%)

Road accident 69/69.0% 21/70.0% 48/68.6%

Motorcycle 30/30.0% 4/13.3 26/37.1%

Car 28/28.0% 12/40.0% 16/22.9%

Pedestrian 6/6.0% 4/13.3% 2/2.9%

Bicyclist 5/5.0% 1/3.3% 4/5.7%

Fall 24/24.0% 6/20.0% 18/25.7%

>3 m 20/20.0% 6/20.0% 14/20.0%

<3 m 4/4.0% — 4/5.7%

Other 7/7.0% 3/10.0% 4/5.7%

The severity of chest trauma was assessed using the AIS
chest scores. Patients without a relevant chest injury were
graded as AISchest ≤ 2 (n = 21). Patients with serious and
serious/severe chest injury (AISchest = 3 or 4) occurred most
frequently (n = 23, and n = 49, resp.), whereas patients with
an AISchest = 5 occurred less often (n = 7). Taken together,
LTB4 levels were increased in all four trauma patient groups
(AISchest ≤ 2: 113.9 (61–162), AISchest = 3: 105.8 (47–200),

AISchest = 4: 107.7 (64–156), and AISchest = 5: 94.9 (65–
133) pg/mL) compared with healthy volunteers, but this
difference was not significant (Figure 2(b)).

However, comparing LTB4 levels taken in the ED of those
patients who developed pulmonary complications (n = 30)
following injury with those patients who did not develop
pulmonary complications (n = 70) and healthy volunteers
revealed a significant difference (127.8 (104–200) versus
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Figure 1: Summary of median (interquartile range) LTB4 (pg/mL)
in multiply traumatized patients over a 5-day time course after
admission (n = 100), and ctrl (n = 20). ∗P < 0.05 versus other
groups.

95.6 (55–143) and 58.4 (36–108) pg/mL, resp., P < 0.05,
Figures 3(a) and 3(b)). Follow-up LTB4 levels (day 1–day 5)
showed that increased LTB4 levels in the ED in patients with
pulmonary complications diminished in a time-dependent
manner (Figure 3(a)). This effect was irrespective of the
patients ISS or AISchest since subgroup analysis according to
ISS or AISchest revealed no differences in LTB4 levels.

Receiver operating characteristics (ROCs) analysis for
LTB4 shows an optimal cutoff of 109.6 pg/mL with 72% spe-
cificity (95% CI: 0.61–0.81) and 67% sensitivity (95% CI:
0.49–0.84), for predicting pulmonary complications in a later
posttraumatic course (Figure 4). The area under the ROC
curve is 0.73.

Multiply traumatized patients with pulmonary compli-
cations needed significantly prolonged mechanical ventila-
tion compared with patients without secondary pulmonary
complications (18.4±2.7 days versus 6.4±0.8 days, resp., P <
0.05, Table 1). The mean ICU stay of all patients was 12.8 ±
1.3 days. Patients with pulmonary complications had a mean
ICU stay of 22.4 ± 3.1 days versus 8.9 ± 0.9 days in patients
without pulmonary complications (P < 0.05, Table 1). Pa-
tients with pulmonary complications also had significantly
prolonged hospital stay compared with patients without pul-
monary complications (32.5 ± 5.2 days versus 20.5 ± 1.7
days, resp., P < 0.05, Table 1). Sixteen patients developed
sepsis, of those 69% had pulmonary complications (Table 1).
Eight patients suffered from organ failure, and 4 patients had
MOF, of those 63% and 75%, respectively, had pulmonary
complications (Table 1). The mortality rate was enhanced
for patients with pulmonary complications (10%) com-
pared with patients without pulmonary complications (4%,
Table 1).

4. Discussion

Respiratory complications, such as pneumonia, respiratory
failure, ALI/ARDS, and pulmonary embolism are, next to

MOF and sepsis, among the most common causes of late
morbidity and mortality after trauma [1–5, 40]. An increased
rate of pulmonary complication in severely injured trauma
patients is closely associated with an excessive systemic and
local inflammatory response including neutrophil influx
[12, 40–42]. LTB4 represents a potent neutrophil chemoat-
tractant and enhanced LTB4 levels are associated with pul-
monary disease [25–28]. Despite the close association with
airway disease, it remains unclear whether LTB4 is a reliable
parameter for early identification of high-risk patients for
pulmonary complications after multiple trauma.

This study shows that multiply traumatized patients with
high LTB4 levels (cutoff at 109.6 pg/mL) in the initial phase
are at high risk to develop posttraumatic pulmonary com-
plications. The association of increased LTB4 in BAL fluid
of patients with ALI/ARDS and COPD has previously been
reported [27, 28]. The majority of clinical studies focused on
the proinflammatory role of LTB4 in neutrophil infiltration
and the subsequently induced lung injury in ICU patients
[27–32]. The decisive role of neutrophils in several airway
diseases, including ALI/ARDS, has been described [12–14].
Their persistence in the lungs is closely associated with poor
survival [15, 16].

LTB4 is biosynthesized from arachidonic acid by the
action of cytosolic phospholipase A2, 5-LO together with 5-
LO-activating protein (FLAP) and leukotriene A4 hydrolase
[43]. 5-LO activity is considered a key factor in LTB4 biosyn-
thesis. LTB4 levels have been shown to correlate with tumor
necrosis factor alpha levels and the number of neutrophils
recovered from the BAL fluid of patients with ARDS [44].
Furthermore, LTB4 and its metabolites have been shown
to cause increased neutrophil adherence to the pulmonary
endothelial cell surface, reflecting neutrophil sequestration
in the lung and the capillary bed and increasing vascular per-
meability [17, 29, 45, 46]. Inhibiting the 5-LO rate-limiting
enzyme in LTB4 biosynthesis by intratracheal application of
IL-8 has been shown to prevent lung injury and perfusate
LTB4 increase in the lungs. Neutrophil chemotaxis in vitro
was also inhibited [47]. Therefore, it might be concluded
that the impact of enhanced systemic LTB4 concentrations in
trauma patients presenting at the ED may reflect an ongoing
systemic inflammation. This, in turn, may lead to the devel-
opment of pulmonary complications. Therefore, the predic-
tive relevance of LTB4 should be considered in this highly
heterogeneous group of patients. Employing timely appro-
priate treatment (e.g., kinetic therapy, operative and ventila-
tory strategies) could thereby improve patient outcome.

Other factors have been reported to be associated with
the development of posttraumatic pulmonary complica-
tions. The extent of chest trauma has been shown to increase
respiratory complications, such as ALI/ARDS [48, 49]. In-
erestingly, we found no significant correlation between the
degree of chest injury assessed by the AIS and the rate of
posttraumatic pulmonary complications. This may be due
to the study having been conducted at a single clinic with
a limited number of patients (n = 100). In a multivariate
statistical analysis, we found that the effect of trauma severity
on LTB4 levels as well as the development of pulmonary
complications is considered not significant (data not shown).
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Figure 2: Summary of median (interquartile range) LTB4 (pg/mL) in ED samples in different groups of patients based on the overall injury
severity (a) and the severity of chest injury (b). (a) ISS: 16–24, n = 17, ISS: 25–39, n = 54, ISS: ≥40, n = 29 and ctrl group, n = 10. (b)
AISchest ≤ 2, n = 21, AISchest = 3, n = 23, AISchest = 4, n = 49, AISchest = 5, n = 7 and ctrl, n = 20.
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Figure 3: Summary of median LTB4 (pg/mL) in two patient groups based on the development of pulmonary complications (ØPC: no
pulmonary complications, n = 70, and PC: pulmonary complications, n = 30) and ctrl, n = 20, ∗P < 0.05 versus other groups: (a) time
course in both groups, (b) LTB4 levels at the ED.

Evaluation of data from patients with hypoxemic respiratory
failure (n = 8) has shown that LTB4 levels (at ED) were
significantly enhanced in this group compared to healthy
volunteers, but did not differ markedly from 22 patients with
nonhypoxemic respiratory complication (data not shown).
In the present study, the mortality was 6% in a cohort of
trauma patients with considerable injury (mean ISS > 33).
Blunt trauma as the major type of injury in over 90%
of patients was in accordance with other European studies
[50, 51]. Dysregulated immune response after trauma has
been suggested to contribute to complications, such as sepsis
and MOF. The incidence of sepsis and MOF vary strongly in
the literature [2, 52–56]. In the present study, sepsis occurred
in 16% and MOF in only 4% of patients. In line with the
literature, trauma patients with pulmonary complications
constitute the majority of patients who develop sepsis and/or
MOF [52]. Interestingly, in the present study, patients de-
veloping pulmonary complications were not more severely

injured than patients without pulmonary complications, as
had been expected from previous reports [52]. The clinical
course was strongly affected by the presence of respiratory
complication with a prolonged ICU stay, days on mechanical
ventilation, and longer hospital stay.

Pulmonary complications after severe trauma markedly
affect the clinical course. The predisposing factors for these
patients at risk are not fully understood and their identifica-
tion before clinical manifestation of complications remains a
challenge. Most clinical scoring systems have been developed
to compare populations, while their predictive power is
limited. The lung organ failure scoring (LOFS) method
has been developed to estimate the risk for pulmonary
complications in trauma patients [57]. Its effectiveness still
needs to be assessed in prospective clinical studies.

In conclusion, to stratify the risk for later pulmonary
complications the results presented here encourage LTB4
assessment early after trauma. In the present study, the LTB4
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Figure 4: Receiver operating curve showing the optimal cutoff for
LTB4 levels (109.6 pg/mL in predicting the presence or absence of
postinjury pulmonary complications with 72% specificity and 67%
sensitivity).

AUC is quite small. Enhanced patient numbers, especially in
the group of patients with pulmonary complications, could
strengthen the hypothesis that LTB4 may be of predictive
value. While the pathophysiological sequelae of increased
LTB4 release is principally understood, identification of rel-
evant effects such as neutrophil adherence or edema forma-
tion need demonstration in the clinical setting. Therefore,
clinical studies with larger numbers of patients are required
to clarify the role of LTB4 in pulmonary complications and
resolve its predictive efficacy.

Authors’ Contributions

B. Auner and E. V. Geiger contributed equally in this re-
search.

References

[1] C. Probst, H. C. Pape, F. Hildebrand et al., “30 years of
polytrauma care: an analysis of the change in strategies and
results of 4849 cases treated at a single institution,” Injury, vol.
40, no. 1, pp. 77–83, 2009.

[2] D. Nast-Kolb, M. Aufmkolk, S. Rucholtz, U. Obertacke, and
C. Waydhas, “Multiple organ failure still a major cause of
morbidity but not mortality in blunt multiple trauma,” Jour-
nal of Trauma—Injury, Infection and Critical Care, vol. 51, no.
5, pp. 835–842, 2001.

[3] P. R. Miller, M. A. Croce, P. D. Kilgo, J. Scott, and T. C.
Fabian, “Acute respiratory distress syndrome in blunt trauma:
identification of independent risk factors,” American Surgeon,
vol. 68, no. 10, pp. 845–850, 2002.

[4] T. M. Osborn, J. K. Tracy, J. R. Dunne, M. Pasquale, and L.
M. Napolitano, “Epidemiology of sepsis in patients with
traumatic injury,” Critical Care Medicine, vol. 32, no. 11, pp.
2234–2240, 2004.

[5] A. Dushianthan, M. P. Grocott, A. D. Postle, and R. Cusack,
“Acute respiratory distress syndrome and acute lung injury,”
Postgraduate Medical Journal, vol. 87, no. 1031, pp. 612–622,
2011.

[6] A. Esteban, A. Anzueto, F. Frutos et al., “Characteristics and
outcomes in adult patients receiving mechanical ventilation:
a 28-day international study,” Journal of the American Medical
Association, vol. 287, no. 3, pp. 345–355, 2002.

[7] C. Brun-Buisson, C. Minelli, G. Bertolini et al., “Epidemiology
and outcome of acute lung injury in European intensive care
units Results from the ALIVE study,” Intensive Care Medicine,
vol. 30, no. 1, pp. 51–61, 2004.

[8] J. Villar, L. Perez-Mendez, J. Lopez et al., “An early PEEP/FIO2
trial identifies different degrees of lung injury in patients
with acute respiratory distress syndrome,” American Journal
of Respiratory and Critical Care Medicine, vol. 176, no. 8, pp.
795–804, 2007.

[9] S. E. Erickson, G. S. Martin, J. L. Davis, M. A. Matthay, and
M. D. Eisner, “Recent trends in acute lung injury mortality:
1996–2005,” Critical Care Medicine, vol. 37, no. 5, pp. 1574–
1579, 2009.

[10] H. C. Pape, D. Rixen, J. Morley et al., “Impact of the method
of initial stabilization for femoral shaft fractures in patients
with multiple injuries at risk for complications (borderline
patients),” Annals of Surgery, vol. 246, no. 3, pp. 491–499, 2007.

[11] K. Raymondos, M. U. Martin, T. Schmudlach et al., “Early
alveolar and systemic mediator release in patients at different
risks for ARDS after multiple trauma,” Injury, vol. 43, no. 2,
pp. 189–195, 2012.

[12] A. S. Cowburn, A. M. Condliffe, N. Farahi, C. Summers, and
E. R. Chilvers, “Advances in neutrophil biology: clinical im-
plications,” Chest, vol. 134, no. 3, pp. 606–612, 2008.

[13] K. Y. Lee, S. C. Ho, H. C. Lin et al., “Neutrophil-derived elas-
tase induces TGF-β1 secretion in human airway smooth mus-
cle via NF-κB pathway,” American Journal of Respiratory Cell
and Molecular Biology, vol. 35, no. 4, pp. 407–414, 2006.

[14] P. J. Barnes, “New molecular targets for the treatment of neu-
trophilic diseases,” Journal of Allergy and Clinical Immunology,
vol. 119, no. 5, pp. 1055–1062, 2007.

[15] A. Aggarwal, C. S. Baker, T. W. Evans, and P. L. Haslam, “G-
CSF and IL-8 but not GM-CSF correlate with severity of pul-
monary neutrophilia in acute respiratory distress syndrome,”
European Respiratory Journal, vol. 15, no. 5, pp. 895–901, 2000.

[16] S. C. Donnelly, R. M. Strieter, S. L. Kunkel et al., “Interleukin-8
and development of adult respiratory distress syndrome in at-
risk patient groups,” Lancet, vol. 341, no. 8846, pp. 643–647,
1993.

[17] S. W. Crooks and R. A. Stockley, “Leukotriene B4,” Interna-
tional Journal of Biochemistry and Cell Biology, vol. 30, no. 1,
pp. 173–178, 1998.

[18] A. Sala, S. Zarini, and A. Bolla, “Leukotrienes: Llipid bioeffec-
tors of inflammatory reactions,” Biochemistry, vol. 63, no. 1,
pp. 84–92, 1998.

[19] P. Borgeat and B. Samuelsson, “Metabolism of arachidonic
acid in polymorphonuclear leukocytes. Structural analysis of
novel hydroxylated compounds,” Journal of Biological Chem-
istry, vol. 254, no. 16, pp. 7865–7869, 1979.

[20] P. Borgeat, M. Nadeau, H. Salari, P. Poubelle, and B. Fruteau
de Laclos, “Leukotrienes: biosynthesis, metabolism, and anal-
ysis,” Advances in Lipid Research, vol. 21, pp. 47–77, 1985.

[21] M. Peters-Golden and W. R. Henderson Jr, “Leukotrienes,”
New England Journal of Medicine, vol. 357, no. 18, pp. 1798–
1854, 2007.

[22] A. P. T. Monteiro, C. S. Pinheiro, T. Luna-Gomes et al., “Leu-
kotriene B4 mediates neutrophil migration induced by heme,”
Journal of Immunology, vol. 186, no. 11, pp. 6562–6567, 2011.



Mediators of Inflammation 7

[23] A. W. Ford-Hutchinson, M. A. Bray, and M. V. Doig, “Leu-
kotriene B, a potent chemokinetic and aggregating substance
released from polymorphonuclear leukocytes,” Nature, vol.
286, no. 5770, pp. 264–265, 1980.

[24] M. J. H. Smith, A. W. Ford-Hutchinson, and M. A. Bray, “Leu-
kotriene B: a potential mediator of inflammation,” Journal of
Pharmacy and Pharmacology, vol. 32, no. 7, pp. 517–518, 1980.

[25] A. Hicks, S. P. Monkarsh, A. F. Hoffman, and R. Goodnow,
“Leukotriene B4 receptor antagonists as therapeutics for
inflammatory disease: preclinical and clinical developments,”
Expert Opinion on Investigational Drugs, vol. 16, no. 12, pp.
1909–1920, 2007.

[26] J. R. Masclans, J. Sabater, J. Sacanell et al., “Possible prognos-
tic value of leukotriene B4 in acute respiratory distress syn-
drome,” Respiratory Care, vol. 52, no. 12, pp. 1695–1700, 2007.

[27] A. H. Stephenson, A. J. Lonigro, T. M. Hyers, R. O. Webster,
and A. A. Fowler, “Increased concentrations of leukotrienes in
bronchoalveolar lavage fluid of patients with ARDS or at risk
for ARDS,” American Review of Respiratory Disease, vol. 138,
no. 3, pp. 714–719, 1988.

[28] A. Antczak, W. Piotrowski, J. Marczak, M. Ciebiada, P. Gorski,
and P. J. Barnes, “Correlation between eicosanoids in bron-
choalveolar lavage fluid and in exhaled breath condensate,”
Disease Markers, vol. 30, no. 5, pp. 213–220, 2011.

[29] J. C. Eun, E. E. Moore, A. Banerjee et al., “Leukotriene b4 and
its metabolites prime the neutrophil oxidase and induce pro-
inflammatory activation of human pulmonary microvascular
endothelial cells,” Shock, 2010.

[30] C. C. Silliman, “The two-event model of transfusion-related
acute lung injury,” Critical Care Medicine, vol. 34, supplement
5, pp. S124–S131, 2006.

[31] F. A. Moore and E. E. Moore, “Evolving concepts in the patho-
genesis of postinjury multiple organ failure,” Surgical Clinics of
North America, vol. 75, no. 2, pp. 257–277, 1995.

[32] D. A. Partrick, F. A. Moore, E. E. Moore, C. C. Barnett,
and C. C. Silliman, “Neutrophil priming and activation in
the pathogenesis of postinjury multiple organ failure,” New
Horizons, vol. 4, no. 2, pp. 194–210, 1996.

[33] E. Von Elm, D. G. Altman, M. Egger, S. J. Pocock, P. C.
Gøtzsche, and J. P. Vandenbroucke, “The strengthening the
reporting of observational studies in epidemiology (STROBE)
statement: guidelines for reporting of observational studies,”
Internist, vol. 49, no. 6, pp. 688–693, 2008.

[34] “Rating the severity of tissue damage. I. The abbreviated scale,”
Journal of the American Medical Association, vol. 215, no. 2, pp.
277–280, 1971.

[35] “Rating the severity of tissue damage. II. The comprehensive
scale,” Journal of the American Medical Association, vol. 220,
no. 5, pp. 717–720, 1972.

[36] Association for the Advancement of Automotive Medicine
(AAAM), Abbreviated Injury Scale 1990 Revision Update 1998,
Association for the Advancement of Automotive Medicine,
Seattle, Wash, USA, 1998.

[37] S. P. Baker, B. O’Neill, W. Haddon, and W. B. Long, “The
injury severity score: a method for describing patients with
multiple injuries and evaluating emergency care,” Journal of
Trauma, vol. 14, no. 3, pp. 187–196, 1974.

[38] T. T. Bauer, J. Lorenz, K. F. Bodmann, and F. Vogel, “Abbre-
viated guidelines for prevention, diagnostics, and therapy of
nosocomial pneumonia,” Medizinische Klinik, vol. 100, no. 6,
pp. 355–360, 2005.

[39] G. R. Bernard, A. Artigas, K. L. Brigham et al., “The American-
European consensus conference on ARDS: definitions, mech-
anisms, relevant outcomes, and clinical trial coordination,”

American Journal of Respiratory and Critical Care Medicine,
vol. 149, no. 3, pp. 818–824, 1994.

[40] M. Bhatia and S. Moochhala, “Role of inflammatory medi-
ators in the pathophysiology of acute respiratory distress
syndrome,” Journal of Pathology, vol. 202, no. 2, pp. 145–156,
2004.

[41] H. C. Pape, T. Tsukamoto, P. Kobbe, I. Tarkin, S. Katsoulis,
and A. Peitzman, “Assessment of the clinical course with in-
flammatory parameters,” Injury, vol. 38, no. 12, pp. 1358–
1364, 2007.

[42] S. G. Muehlstedt, M. Lyte, and J. L. Rodriguez, “Increased IL-
10 production and HLA-DR suppression in the lungs of in-
jured patients precede the development of nosocomial pneu-
monia,” Shock, vol. 17, no. 6, pp. 443–450, 2002.

[43] M. Peters-Golden and T. G. Brock, “5-Lipoxygenase and
FLAP,” Prostaglandins Leukotrienes and Essential Fatty Acids,
vol. 69, no. 2-3, pp. 99–109, 2003.

[44] M. Antonelli, G. Raponi, L. Lenti et al., “Leukotrienes and al-
pha tumor necrosis factor levels in the bronchoalveolar lavage
fluid of patient at risk for the adult respiratory distress syn-
drome,” Minerva Anestesiologica, vol. 60, no. 9, pp. 419–426,
1994.

[45] G. W. Schmid-Schonbein, “Capillary plugging by granulocytes
and the no-reflow phenomenon in the microcirculation,” Fed-
eration Proceedings, vol. 46, no. 7, pp. 2397–2401, 1987.

[46] A. Toda, T. Yokomizo, and T. Shimizu, “Leukotriene B4
receptors,” Prostaglandins and Other Lipid Mediators, vol. 68-
69, pp. 575–585, 2002.

[47] D. M. Guidot, M. J. Repine, J. Y. Westcott, and J. E. Repine,
“Intrinsic 5-lipoxygenase activity is required for neutrophil
responsivity,” Proceedings of the National Academy of Sciences
of the United States of America, vol. 91, no. 17, pp. 8156–8159,
1994.

[48] J. W. Edens, K. K. Chung, J. C. Pamplin et al., “Predictors of
early acute lung injury at a combat support hospital: a pro-
spective observational study,” Journal of Trauma—Injury, In-
fection and Critical Care, vol. 69, no. 1, pp. S81–S85, 2010.

[49] P. R. Miller, M. A. Croce, T. K. Bee et al., “ARDS after pul-
monary contusion: accurate measurement of contusion vol-
ume identifies high-risk patients,” Journal of Trauma—In-
jury, Infection and Critical Care, vol. 51, no. 2, pp. 223–230,
2001.

[50] S. Ruchholtz, R. Lefering, T. Paffrath et al., “Reduction in mor-
tality of severely injured patients in Germany,” Deutsches
Arzteblatt, vol. 105, no. 13, pp. 225–231, 2008.

[51] N. O. Skaga, T. Eken, J. M. Jones, and P. A. Steen, “Different
definitions of patient outcome: consequences for performance
analysis in trauma,” Injury, vol. 39, no. 5, pp. 612–622, 2008.
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