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Abstract

Background—We hypothesized that circulating levels of lipid peroxidation products in patients
with severe sepsis are associated with development of pulmonary, renal, hepatic, circulatory and
coagulation failure.

Methods—Plasma levels of F2-isoprostanes and isofurans were measured by mass spectroscopy
on ICU day 2 in 50 critically ill patients with severe sepsis.

Results—F2-isoprostane levels were higher in patients who developed renal failure compared to
not [65 pg/ml (IQR 44-112) vs. 44 pg/mI(IQR 29-54), p = 0.009] as were isofuran levels [1223
pg/ml (IQR 348-2531) vs. 329 pg/ml (IQR 156-1127), p = 0.009]. Plasma F2-isoprostane levels
were higher in patients who developed hepatic failure compared to not [72 pg/ml (IQR 44-112)
vs. 44 pg/ml (IQR 30-65), p = 0.023] and there was also a trend for higher isofuran levels [1411
pg/ml (IQR 298-1965) vs. 525 pg/ml (IQR 160-1223), p = 0.14]. Coagulation failure
(thrombocytopenia) was associated with higher isofuran levels. Circulatory failure and acute lung
injury were not associated with elevated levels of isoprostanes or isofurans. Patients with
isoprostane levels above the 25t percentile had higher mortality (42%) compared to patient with
levels below the 25t percentile (8%, p = 0.03).

Conclusions—Plasma levels of F2-isoprostanes and isofurans are associated with renal, hepatic,
and coagulation failure but not with circulatory or pulmonary failure in severe sepsis suggesting
that lipid peroxidation is a prominent feature of septic multi-system organ failure. Plasma
isoprostanes and isofurans may be useful for monitoring oxidative stress in treatment trials of
antioxidant therapies in severe sepsis.

Introduction

Sepsis is a common, life threatening syndrome with an estimated incidence of 750,000 cases
per year in the United States (1). Mortality is high and is frequently caused by multiple
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organ failure. Despite decades of research, the mechanisms of organ failure in sepsis are still
incompletely understood. Inflammation, and activation of the coagulation and complement
cascades are important pathways (2). Oxidant injury has also been shown to play a role in
organ failure, but has been studied primarily in animal models (3). Investigation of the role
of oxidant injury in sepsis-induced multiple organ failure in humans has been hampered by
the lack of stable, specific biomarkers of oxidative stress that can be measured accurately
and non-invasively in patients with severe sepsis (4).

First described in humans in 1990 (5), isoprostanes are products of lipid peroxidation that
are formed non-enzymatically and can be measured in blood, urine or tissues (6). Because of
their stability and high specificity, the F2-isoprostanes are currently considered to be the
most reliable biomarkers of in vivo oxidative stress and lipid peroxidation (7,8). In addition
to serving as stable, specific markers of in vivo oxidative stress, F2-isoprostanes have potent
biological activity including vasoconstriction (9) and activation of thromboxane and
prostanoid receptors (6), suggesting that they may be mediators as well as markers of
oxidant stress-induced tissue injury. Unlike isoprostanes, whose formation is disfavored at
elevated oxygen tensions, the recently described isofurans (10) are lipid peroxidation
products whose formation is favored by elevated oxygen tension. Thus, the combined
measurement of both F2-isoprostanes and isofurans has been proposed for quantitation of
oxidative stress in conditions such as critical illness that may involve hyperoxia (11).

In the current study, we hypothesized that levels of circulating F2-isoprostanes and isofurans
in critically ill patients with severe sepsis would be associated with development of organ
failure including pulmonary, renal, hepatic, circulatory and coagulation failure. We tested
this hypothesis in 50 consecutive patients with severe sepsis enrolled in a large observational
study of biomarkers in critical illness.

Patients were selected from a large observational cohort study [the Validating Acute Lung
Injury biomarkers for Diagnosis (VALID) study] of diagnostic biomarkers for ARDS that
has been enrolling patients in the VVanderbilt Medical Center medical, surgical,
cardiovascular and trauma intensive care units since 2006 with a planned enrollment of 2550
patients (current enrollment 2000 patients) (12). Inclusion criteria for the VALID study
include admission to the intensive care unit (ICU) with continued admission to the ICU on
day two and age greater than or equal to 18 years. Exclusion criteria include chronic lung
disease requiring supplemental oxygen, uncomplicated overdose, cardiac arrest prior to
enrollment, transfer orders from the ICU written or planned within the next 4 hours or ICU
admission for greater than 48 hours prior to Vanderbilt ICU admission. Fifty sequential
patients who met diagnostic criteria for severe sepsis (13) at the time of enrollment and who
had an enrollment plasma sample drawn were selected for inclusion in the current study. The
VALID study was approved by the Vanderbilt Institutional Review Board (#051065).
Informed consent was obtained from the patient or surrogate whenever possible; however,
given the minimally invasive nature of the study, a waiver of consent was granted by the
Institutional Review Board.

Measurements

All measurements were made in plasma obtained on the morning of ICU day 2 at the time of
enrollment into the VALID study. Plasma was collected either from central venous access
catheters or venipuncture in EDTA tubes, centrifuged immediately at 3000 x g and the
plasma fraction stored at -80C to prevent ex vivo formation of lipid peroxidation products.
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Because immunoassays for F2-isoprostanes are much less reliable and accurate than mass
spectrometric assays (14), plasma F2-isoprostanes and isofurans were simultaneously
measured by stable isotope dilution negative ion chemical ionization gas chromatography
mass spectrometry as described (10,15).

Clinical Data

Clinical data were collected daily through the morning of ICU day 5 as part of the VALID
study and included baseline demographics, clinical diagnoses, hemodynamics, ventilator
parameters and laboratory values. Severity of illness was assessed by the Acute Physiology
And Chronic Health Evaluation Il (APACHE 1) (16) and Simplified Acute Physiology
Score Il (SAPS I1) (17) scoring systems at the time of enrollment. Patients were assessed
daily for the presence or absence of renal, hepatic, circulatory, and coagulation dysfunction
using the Brussels Organ Failure Scoring System (18): patients were classified as having
renal failure if serum creatinine was > 2.0 mg/dL, hepatic failure if serum total bilirubin was
> 2.0 mg/dL, circulatory failure if systolic blood pressure was < 90 mmHg or there was a
need for any vasopressor, and coagulation failure if platelet count was < 80,000/mm3 at any
time during the study period. Patients were also assessed daily for diagnoses of sepsis,
severe sepsis, acute lung injury, and acute respiratory distress syndrome using published
definitions (13,19,20). The lowest PaO2/FiO, and SpO,/FiO; ratio (21) for each study day
was calculated. Clinical outcomes including duration of mechanical ventilation, days of
unassisted ventilation, length of ICU stay and hospital mortality were collected.

Statistical Analysis

F2-isoprostane and isofuran levels in the plasma were not normally distributed and are
expressed as median [interquartile range (IQR)]. Differences in isoprostane and isofuran
levels between groups were compared using the Mann-Whitney U Test. For bivariate
correlations, the Spearman correlation coefficient was calculated. For comparison of
categorical variables across quartiles of isoprostane or isofuran levels, the linear-by-linear
association test was utilized. For comparison of categorical variables between two groups,
Fisher's exact test was used. For all analyses, a P value less than or equal to 0.05 was
considered to be statistically significant.

Power Calculation

Results

Because levels of F2-isoprostanes and isofurans have not previously been measured in
critically ill patients, the power calculation was based on estimates from previously
published data. Normal levels of plasma F2-isoprostanes are 35 +/- 6 pg/ml (mean £ SD)
(15). In a study of 29 hospitalized geriatric patients, mean plasma levels were approximately
40 + 29 pg/ml (22). Based on the prediction that mean plasma levels would be somewhat
higher, on average, in patients with severe sepsis (60 £ 30 pg/ml), we had an 84% power to
detect an increase of 25 pg/ml in patients with a specific organ failure with 25 patients in
each group.

Patient characteristics

Patient characteristics are shown in Table 1. The median plasma F2-isoprostane level
measured on the morning of ICU day 2 was 47 pg/ml (IQR 36 — 76). The median plasma
isofuran level measured on the morning of ICU day 2 was 549 pg/ml (IQR 211 — 1743).
Plasma F2-isoprostane levels and isofuran levels were significantly correlated (r = 0.45, p =
0.001). Plasma isofuran levels were modestly correlated with severity of illness as measured
by the APACHE Il score (r = 0.31, p = 0.028). Neither plasma F2-isoprostane nor isofuran
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levels were associated with the SAPS Il score. Current smokers had higher isofuran levels
[1120 pg/ml (IQR 367 — 2520) vs. 329 pg/ml (IQR 176 — 1411), p = 0.056) but not
isoprostane levels.

Plasma F2-isoprostane levels were significantly higher in patients who had renal failure as
defined by a serum creatinine greater than 2.0 mg/dL compared to those that did not [65 pg/
ml (IQR 44 —112) vs. 44 pg/ml (IQR 29 — 54, p = 0.009] (Figure 1a). This difference
remained significant when the two patients with end stage renal disease on dialysis were
excluded (p = 0.007) and when the seven patients with any chronic kidney disease were
excluded (p = 0.006). The percentage of patients with renal failure increased by quartile of
plasma F2-isoprostane level; in the lowest quartile, only 17% of patients had renal failure
compared to 64% in the highest quartile (Figure 1b, p = 0.013 for trend across quartiles).

Plasma isofuran levels were also significantly higher in patients who had renal failure as
defined by a serum creatinine greater than 2.0 mg/dL [1223 pg/ml (IQR 348 — 2531 vs. 329
pg/ml (IQR 156 - 1127), p = 0.009] (Figure 1c). This difference remained significant when
the two patients with end stage renal disease on dialysis were excluded (p = 0.018) and when
the seven patients with any chronic kidney disease were excluded (p = 0.022). The
percentage of patients with renal failure increased by quartile of plasma isofuran level; in the
lowest quartile, only 17% of patients had renal failure compared to 67% in the highest
quartile (Figure 1d, p = 0.026 for trend across quartiles).

Hepatic failure

Plasma F2-isoprostane levels were significantly higher in patients who had hepatic failure as
defined by a serum total bilirubin greater than 2.0 mg/dL compared to those that did not [72
pa/ml (IQR 44 —112) vs. 44 pg/ml (IQR 30 - 65, p = 0.023] (Figure 2a). This difference
remained significant when the five patients with chronic liver disease were excluded (p =
0.030). The percentage of patients with hepatic failure increased by quartile of plasma F2-
isoprostane level; in the lowest quartile, only 8% of patients had hepatic failure compared to
55% in the highest quartile (Figure 2b, p = 0.045 for trend across quartiles). Of note, alcohol
abuse, which was present in 8 of 15 patients who developed hepatic failure, was also
associated with quartile of plasma F2-isoprostane level. Only 8% of patients in the lowest
quartile of plasma isoprostane levels had a history of alcohol abuse compared to 45% in the
highest quartile (p = 0.045 for trend across quartiles).

Plasma isofuran levels also tended to be higher in patients who had hepatic failure as defined
by a serum total bilirubin greater than 2.0 mg/dL [1411 pg/ml (IQR 298 - 1965) vs. 525 pg/
ml (IQR 160 - 1223] (Figure 2¢) but this trend did not reach significance (p = 0.136). The
percentage of patients with hepatic failure increased by quartile of plasma isofuran level; in
the lowest quartile, only 8% of patients had hepatic failure compared to 42% in the highest
quartile (Figure 2d), however the p value for trend across quartiles did not quite reach
significance (p = 0.071).

Because hyperbilirubinemia is not a direct measure of liver synthetic function or liver injury,
we assessed both the liver synthetic function and the levels of liver enzymes in patients
defined as having hepatic failure. Patients with hepatic failure as defined by bilirubin > 2
mg/dl also had evidence of liver synthetic dysfunction and transaminase elevations. In
patients with bilirubin > 2 mg/dl compared to those with bilirubin <2 mg/dl, INR was 2.3 =
0.7vs. 1.5+ 0.4, p<0.001 and AST was 525 + 1243 U/l vs. 56 £ 59 U/I, p = 0.036.
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Coagulation failure (thrombocytopenia)

Plasma F2-isoprostane levels were not associated with coagulation failure as defined by a
platelet count less that 80,000 cells/ul (p = 0.50). F2-isoprostane levels were also not
associated with platelet counts when assessed as a graded measure. In a direct comparison of
isoprostane levels to platelet counts measured within the prior 24 hours, the Spearman's
correlation coefficient was -0.96, p = 0.51.

In contrast to F-2 isoprostanes, plasma isofuran levels were significantly higher in patients
who had coagulation failure compared to those that did not [1452 pg/ml (IQR 485 — 2040 vs.
314 pg/ml (IQR 157 - 1119), p = 0.01] (Figure 3a). The percentage of patients with
thrombocytopenia increased by quartile of plasma isofuran level; in the lowest quartile, no
patients had thrombocytopenia compared to 50% in the highest quartile (Figure 3b, p =
0.008 for trend across quartiles). In a direct comparison of plasma isofuran levels to platelet
counts measured within the prior 24 hours, the Spearman's correlation coefficient was - 0.42,
p =0.002.

Circulatory failure

Neither plasma F2-isoprostane levels nor plasma isofuran levels were significantly
associated with the presence of circulatory failure as defined by a systolic blood pressure
less than or equal to 90 mmHg or need for a vasopressor agent. Median plasma isoprostane
levels were 43 pg/ml (IQR 34 — 57) in patients without shock and 51 (IQR 35 -76) in
patients with shock, p = 0.32. Median plasma isofuran levels were 1266 pg/ml (IQR 671
-2528) in patients without shock and 358 (IQR 183 - 1702) in patients with shock, p = 0.092.

Acute lung injury/acute respiratory distress syndrome

Neither plasma F2-isoprostane levels nor plasma isofuran levels were significantly
associated with the presence of acute lung injury or acute respiratory distress syndrome or
the need for mechanical ventilation. Median plasma isoprostane levels were 47 pg/ml (IQR
30 - 85) in patients without acute lung injury and 47 (IQR 41 - 71) in patients with acute
lung injury, p = 0.99. Median plasma isofuran levels were 329 pg/ml (IQR 185 - 1662) in
patients without acute lung injury and 611 (IQR 284 - 1855) in patients with acute lung
injury, p = 0.41. Likewise, F2-isoprostane and isofuran levels were not associated with the
degree of hypoxemia as measured by the paO,/FiO5 ratio or the SpO,/FiO5 ratio. The ratio
of plasma isofurans to F2-isoprostanes tended to be higher in patients with acute respiratory
distress syndrome but this difference was not statistically significant [14.8 (IQR 4.7 — 39.6)
vs. 7.4 (3.7-21.1), p=0.14).

Clinical outcomes

Overall, plasma F2-isoprostane and isofuran levels did not differ significantly between
patients who did or did not survive the hospitalization nor were they associated with the
duration of unassisted ventilation. However, there appeared to be a threshold effect for
isoprostane levels (Figure 4) such that patients with levels above the 25™ percentile had
substantially higher mortality (42%) compared to patient with levels below the 25
percentile (8%, p = 0.03).

Discussion

Although the role of oxidative stress in sepsis has been studied in animal models, both
observational studies and clinical trials of antioxidants in humans have been hampered by
the lack of stable markers of oxidative stress and lipid peroxidation that can be measured
accurately and non-invasively (7). The discovery of in vivo production of lipid peroxidation
products including isoprostanes and more recently isofurans has greatly facilitated the study
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of oxidative stress and lipid peroxidation in the clinical setting. In the current study we
demonstrate that plasma levels of both isoprostanes and isofurans are highly associated with
renal, hepatic and coagulation failure in critically ill patients with severe sepsis, indicating
that lipid peroxidation is a prominent feature of multi-system organ failure in sepsis. The
strong association of these products of lipid peroxidation with organ failure in sepsis
suggests that isoprostanes and isofurans are good candidates for monitoring oxidative stress
in treatment trials of antioxidant therapies in severe sepsis.

Although oxidative stress has previously been estimated by less accurate and less specific
methods, there have been very few prior studies of F2-isoprostanes in critical illness and no
prior studies of isofurans. Mishra and colleagues (23) reported plasma F2-isoprostane levels
(measured by enzyme immunoassay) in 60 consecutive patients admitted to a single
intensive care unit. Almost half of the patients were post-operative and only 10 patients had
severe sepsis. Plasma F2-isoprostane levels were higher in non-survivors compared to
survivors, (9.2 + 2.6 pg/ml in survivors vs. 12.0 £ 4.9 pg/ml in non-survivors, p = 0.01). The
absolute concentrations of F2-isoprostanes measured by immunoassay in this study cannot
be compared to levels measured by mass spectrometry. Immunoassays for F2-isoprostanes
are much less reliable and accurate than mass spectrometric assays (14). Carpenter et al.(24)
measured F2-isoprostanes in the exhaled breath condensate of mechanically ventilated
patients with acute lung injury compared to patients with other lung diseases intubated for
elective procedures. Levels of F2-isoprostanes were high in patients with acute lung injury
compared to controls (87 + 28 pg/ml vs. 7 + 4 pg/ml, p = 0.007) suggesting that lipid
peroxidation in the lung compartment is a prominent feature of acute lung injury. Plasma
levels were not measured in that study. Finally, in an abbreviated report, Powers et al. (22)
measured plasma F2-isoprostanes in 29 hospitalized geriatric patients some of whom may
have had severe sepsis. Based on the figure in that study, the range of plasma levels was
approximately 10 — 130 pg/ml and the median was approximately 30 pg/ml. In our study, the
range of plasma F2-isoprostane levels is broader (14 to 470 pg/ml) and the median is higher,
47 pg/ml. The severity of illness also is higher in the current study (median APACHE 11 of
25 compared to ~21 in the geriatric study) likely due to the inclusion of only critically ill
patients. Thus, the current study represents the first comprehensive assessment of both
plasma isoprostane and isofuran levels in patients with severe sepsis.

Both isoprostanes and isofurans were highly associated with renal failure as measured by a
serum creatinine level greater than 2.0 mg/dl. Both chronic and acute kidney disease have
been previously associated with increased levels of oxidative stress. In chronic hemodialysis
patients, both free and phospholipid-esterified plasma F2-isoprostane levels were
substantially higher than in healthy control patients (25), a factor that might contribute to the
high levels of cardiovascular morbidity and mortality in hemodialysis patients. Although
other less specific markers of oxidative stress have been measured in acute kidney injury
(26) and hepatorenal syndrome (27), to our knowledge, neither plasma isoprostanes nor
isofurans have been reported previously in patients with acute kidney injury due to severe
sepsis. In the current study, the association of plasma isoprostane and isofuran levels with
acute renal failure persisted even when patients with chronic kidney disease were excluded,
suggesting that chronic kidney disease was not driving the association between elevated
levels and renal failure. In experimental models, isoprostanes have been implicated in the
pathogenesis of acute kidney injury. Urinary excretion of F2-isoprostanes increased by 3-
fold following ischemia-reperfusion of the rat kidney (28). Infusion of the isoprostane 8-1so-
PGF,,, into the rat renal artery induced a reduction in glomerular filtration rate that was
associated with increased glomerular afferent arteriolar resistance due to potent
preglomerular vasoconstriction mediated through thromboxane A2 receptor activation (28).
Whether plasma isoprostanes and isofurans are directly injurious to the human kidney
cannot be determined from the current study although the prior success of antioxidants (29)

Shock. Author manuscript; available in PMC 2012 July 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Ware et al.

Page 7

in some forms of clinical acute kidney injury supports an injurious role for these mediators
in humans.

Circulating markers of lipid peroxidation were also associated with hepatic and coagulation
failure. High levels of both plasma and urinary isoprostanes have been reported in acute
alcoholic hepatitis, chronic alcoholic liver disease and alcoholic cirrhosis (30,31). However,
lipid peroxidation has not previously been quantified in patients with acute hepatic
dysfunction due to severe sepsis. In the current study, the association of elevated levels of
isoprostanes and isofurans with acute hepatic failure in sepsis persisted even when patients
with chronic liver disease were excluded suggesting that this association is not driven
primarily by chronic liver disease. Thrombocytopenia in patients with severe sepsis may be
multifactorial, but most often represents disseminated intravascular coagulation due to
widespread endothelial activation and injury. The association of circulating markers of lipid
peroxidation with coagulation failure as defined by thrombocytopenia has not been
previously reported but is not unexpected since oxidative stress has been implicated in
endothelial activation, injury and apoptosis in sepsis (32).

That neither circulatory failure nor acute lung injury was associated with elevated markers
of oxidant stress is surprising. In the case of acute lung injury, it is possible that oxidant
production is localized to the lung. Indeed, several investigators have previously shown
increased levels of oxidants (33,34) and decreased levels of antioxidants (35-37) in the
alveolar compartment in patients with acute lung injury. In the case of circulatory failure,
the degree of end organ ischemia may be a more important determinant of oxidant stress
than the degree of vasodilation and hypotension; this is an important area for future
investigation.

This study has several limitations. First, the sample size is relatively small. Although the
parent cohort study has enrolled larger numbers of patients, accurate measurement of plasma
isoprostanes and isofurans by mass spectroscopy has limited throughput. Because of this, the
study was primarily powered to demonstrate major differences in plasma levels of
isoprostanes and isofurans in association with organ failures in severe sepsis and was
underpowered for associations of smaller magnitude. Future studies of larger patient groups
may be better able to delineate the relationship between circulating markers of lipid
peroxidation and acute lung injury and clinical outcomes. Second, the study measured only
products of lipid peroxidation. We recognize that oxidative stress can have other important
effects on proteins, carbohydrates, and other mediators, but at present isoprostanes and
isofurans represent the most stable and accurate markers of oxidative stress that can be
measured non-invasively in humans. Third, measurements were made at only a single
timepoint. Sequential analysis over time might provide additional information. Finally, due
to the observational nature of the study, the causative role of lipid peroxidation in multi-
organ system failure cannot be determined. However, the stepwise association of higher
levels of these mediators with increasing organ failures does suggest a possible cause and
effect relationship as has been observed in experimental models.

Conclusions

In summary, plasma levels of both isoprostanes and isofurans are associated with renal,
hepatic and coagulation failure in critically ill patients with severe sepsis. These findings
suggest that lipid peroxidation may be a prominent feature of multi-system organ failure in
sepsis. Plasma levels of isoprostanes and isofurans may be useful for monitoring oxidative
stress in treatment trials of antioxidant therapies in severe sepsis.
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Abbreviation List

APACHE I Acute Physiology And Chronic Health Evaluation 11

ICU intensive care unit

IQR interquartile range

SAPS 11 Simplified Acute Physiology Score Il

VALID Study Validating Acute Lung Injury biomarkers for Diagnosis Study
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Fig. 1. Plasma levels of both F2-isoprostanes and isofurans are elevated in severe sepsis patients
with renal failure

A, Boxplot summary of plasma levels of F2-isoprostanes in patients who had or developed
renal failure (n = 19) compared with those who did not (n = 31) *P = 0.009. B, Comparison
of percent of patients who had or developed renal failure between quartiles of plasma F2-
isoprostane level. First quartile is the lowest quartile (0 — 25th percentile). P = 0.013 for
trend across quartiles. C, Boxplot summary of plasma levels of isofurans in patients who had
or developed renal failure (n = 19) compared with those who did not (n = 31) **P = 0.009.
D, Comparison of percent of patients who had or developed renal failure between quartiles
of plasma isofuran level, P = 0.026 for trend across quartiles. For boxplots, horizontal line
represents median, box encompasses 24th to 75th percentile, and error bars encompass 10th
to 90th percentile.
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Fig. 2. Plasma levels of both F2-isoprostanes and isofurans are elevated in severe sepsis patients
with hepatic failure

A, Boxplot summary of plasma levels of F2-isoprostanes in patients who had or developed
hepatic failure (n = 15) compared with those who did not (n = 35, *P = 0.023). B,
Comparison of percent of patients who had or developed hepatic failure between quartiles of
plasma F2-isoprostane level. First quartile is the lowest quartile (0 — 25th percentile), P =
0.045 for trend across quartiles. C, Boxplot summary of plasma levels of isofurans in
patients who had or developed hepatic failure (n = 15) compared with those who did not (n
=35, P =0.136). D, Comparison of percent of patients who had or developed hepatic failure
between quartiles of plasma isofuran level. P value for trend across quartiles is 0.071. For
boxplots, horizontal line represents median, box encompasses 24th to 75th percentile, and
error bars encompass 10th to 90th percentile.
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Fig. 3. Plasma levels of isofurans are elevated in severe sepsis patients with coagulation failure
A, Boxplot summary of plasma levels of isofurans in patients who had or developed
coagulation failure (n = 18) compared with those who did not (n = 32, *P = 0.01). B,
Comparison of percent of patients who had or developed coagulation failure between
quartiles of plasma isofuran level, P = 0.008 for trend across quartiles. For boxplot,
horizontal line represents median, box encompasses 24th to 75th percentile, and error bars
encompass 10th to 90th percentile.
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Fig. 4. Hospital mortality was lower in patients with the lowest quartile of plasma isoprostane
levels compared with the second, third, and fourth quartiles
*P = 0.03 compared with first quartile.
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Table 1

Clinical characteristics of 50 patients with severe sepsis

Patient Characteristic

n (%) or mean + SD

Male

Age

Current smoker
Alcohol abuse
Medical ICU

APACHE II*

SAPS I
PaO,/FiO, ratio (lowest in prior 24 h)
SpO,/FiO, ratio (lowest in prior 24 h)
Vasopressors at enrollment
Source of sepsis
Pneumonia
Urinary tract infection
Endovascular infection
Abdominal sepsis
Acute cholecystitis
Cellulitis
Meningitis
Osteomyelitis
Comorbidities
Diabetes mellitus
Chronic liver disease
Chronic kidney disease
Hematologic malignancy
Non-hematologic malignancy
Organ failures (through ICU day 5)
Renal failure
Hepatic failure
Coagulation failure
Circulatory failure
Acute lung injury
Acute respiratory distress syndrome

Hospital mortality

28 (56%)
56 + 15
19 (38%)
13 (26%)
45 (90%)
2547
51+ 16

186 + 132
224 + 108
21 (42%)

25 (50%)
8 (16%)
5 (10%)
3 (6%)

3 (6%)

3 (6%)

2 (4%)

1 (2%)

14 (28%)
5 (10%)
7 (14%)
6 (12%)
8 (16%)

19 (38%)
15 (30%)
18 (36%)
40 (80%)
25 (50%)
23 (46%)
17 (34%)

*
Acute Physiology and Chronic Health Evaluation 11 Score (16);

*%k
Simplified Acute Physiology Score 11 (17)
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