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Plasma Angiopoietin-2 Predicts the Onset of Acute Lung
Injury in Critically Ill Patients

Ashish Agrawal1, Michael A. Matthay2,3,4, Kirsten N. Kangelaris3, John Stein5, Jeffrey C. Chu4,
Brandon M. Imp3, Alfredo Cortez5, Jason Abbott4, Kathleen D. Liu2,3, and Carolyn S. Calfee2,3

1School of Medicine, 2Department of Anesthesia, 3Department of Medicine, 4Cardiovascular Research Institute, and 5Department of Emergency

Medicine, University of California, San Francisco, San Francisco, California

Rationale: Current clinical prediction scores for acute lung injury
(ALI) have limited positive predictive value. No studies have evalu-
ated predictive plasmabiomarkers in a broadpopulation of critically
ill patients or as an adjunct to clinical prediction scores.
Objectives: To determine whether plasma angiopoietin-2 (Ang-2), von
Willebrand factor (vWF), interleukin-8 (IL-8), and/or receptor for ad-
vancedglycationendproducts (sRAGE)predictALI incritically illpatients.
Methods: Plasma samples were drawn from critically ill patients (n¼
230) identified in the emergency department. Patients who had ALI
at baseline or in the subsequent 6 hours were excluded, and the
remaining patients were followed for development of ALI.
Measurements and Main Results: Nineteen patients developed ALI at
least 6 hours after the sample draw. Higher levels of Ang-2 and IL-8
were significantly associatedwith increaseddevelopmentofALI (P¼
0.0008, 0.004, respectively). The association between Ang-2 and
subsequent development of ALI was robust to adjustment for sepsis
and vasopressor use. Ang-2 and the Lung Injury Prediction Score
each independently discriminated well between those who devel-
oped ALI and those who did not (area under the receiver operating
characteristic curve, 0.74 for each), and using the two together im-
proved the area under the curve to 0.84 (vs. 0.74, P ¼ 0.05). In con-
trast, plasma levels of sRAGE and vWF were not predictive of ALI.
Conclusions: Plasma biomarkers such as Ang-2 can improve clinical
prediction scores and identify patients at high risk for ALI. In addi-
tion, the early rise of Ang-2 emphasizes the importance of endothe-
lial injury in the early pathogenesis of ALI.

Keywords: acute respiratory distress syndrome; acute lung injury; re-
ceptor for advanced glycation end products; angiopoietin-2; Lung In-

jury Prediction Score

Despite many large randomized clinical trials for the treatment
of acute lung injury (ALI), effective therapies initiated after the
development of ALI remain limited (1–6). Thus, the National

Heart, Lung, and Blood Institute recently announced their in-
tention to assemble a multicenter network to study methods for
the prevention and early treatment of ALI (7). However, one
major challenge in targeting these interventions is the inability
to accurately predict which patients will develop ALI.

Clinical prediction scores such as the Lung Injury Prediction
Score (LIPS) have been developed with the goal of identifying
patients at high risk for the development of ALI (8–10). How-
ever, although the LIPS has been reported in some studies to
have an excellent negative predictive value (NPV) (0.96–0.98 at
LIPS cutoffs between 4–6 points), its positive predictive value
(PPV) is more limited (range of 0.14–0.23) (8, 9). One method
to improve prediction scores may be to combine clinical data
with plasma biomarkers, because these biomarkers may mea-
sure unique aspects of ALI. This method has been used in
models that predict mortality among patients with ALI, wherein
plasma biomarkers contribute additional information over clin-
ical information alone (11, 12).

In the prediction of ALI, the most promising predictive
plasma biomarkers are likely to be those that reflect the patho-
genesis. Angiopoietin-2 (Ang-2) is an endothelial growth factor
that is a potent regulator of vascular permeability and a key me-
diator of ALI in animal models (13–16). Higher levels of plasma
Ang-2 have been associated with increased pulmonary leak in-
dex, severity of illness, and mortality in patients with ALI (13,
17–19). Ang-2 as part of a panel of biomarkers was able to
differentiate patients with ALI among patients with traumatic
injury (20). Furthermore, genetic studies have identified poly-
morphisms in the ANGPT2 gene that are associated with
increased risk of developing ALI (21). Angiopoietin-1 (Ang-
1), an antagonist to Ang-2, can be combined with Ang-2 to
generate an Ang-2/Ang-1 ratio that predicts mortality among
a broad population of patients with ALI (22).

Similarly, IL-8, von-Willebrand factor (vWF), and soluble
receptor for advanced glycation end products (sRAGE) have
been linked to both the pathogenesis and clinical outcomes of
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Clinical scores are useful but imperfect methods of pre-
dicting the onset of acute lung injury (ALI). It is unknown
whether the addition of plasma biomarkers can improve
these clinical scores.

What This Study Adds to the Field

We found that angiopoietin-2 (Ang-2) can be used to predict
the onset of ALI in a critically ill population and can
improve the discrimination of the Lung Injury Prediction
Score. The prediction capability of Ang-2 was robust to
multivariate adjustment. Accurate prediction of ALI may
allow for early treatment or prevention.

mailto:carolyn.calfee@ucsf.edu
www.atsjournals.org
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ALI. IL-8 is a cytokine andmarker of inflammation that has been
associated with increased mortality and decreased ventilator-
free and organ failure–free days and has been used as part of
a panel of biomarkers to diagnose ALI (11, 12, 20, 23–25). vWF
is a glycoprotein that is involved with hemostasis and is present
in vascular endothelial cells (14). Increased vWF is associated
with increased mortality and fewer organ failure–free days in
patients with ALI (23, 26–28). sRAGE is a multiligand receptor
that is expressed at high levels in type 1 epithelial cells of the
lung and has been studied as a marker of lung epithelial injury
(14, 29). It has been associated with increased duration of
mechanical ventilation and intensive care unit (ICU) stay in
patients after lung transplantation and with mortality among those
patients treated with high VT ventilation (30, 31). sRAGE has also
been used as part of a diagnostic biomarker panel for ALI (20).
Both vWF and sRAGE have previously been shown in small, sin-
gle-center studies to predict ALI in specific populations: vWF in
patients with nonpulmonary sepsis (32) and sRAGE in children
after cardiac surgery (33). However, IL-8, Ang-2, and the Ang-2/
Ang-1 ratio have never been studied in this capacity, and no study
to date has explored any predictive biomarkers for ALI in a broad
critically ill population. We hypothesized that plasma Ang-2, Ang-
2/Ang-1 ratio, sRAGE, IL-8, and vWF measured early in the
course of critical illness would predict the subsequent development
of ALI and improve the LIPS. Some of these data have been pre-
viously reported in the form of an abstract (34–36).

METHODS

See the online supplement for a more detailed description of the study
procedures.

Participants

We studied 230 prospectively enrolled critically ill adult patients admit-
ted to a tertiary care hospital ICU from the emergency department (as
part of the Early Assessment of Renal and Lung Injury study). Patients
qualified as “critically ill” when the emergency physician requested an
ICU admission and the patient was subsequently accepted and admit-
ted to the ICU. Patients were excluded if they were admitted for an
isolated neurological or neurosurgical diagnosis without any significant
medical comorbidities or if they were admitted to the trauma service.
The study was approved by the Institutional Review Board of the
University of California, San Francisco.

Primary Outcome and Additional Variables

Plasma specimens were obtained as soon as possible after presentation to
the emergency department, and patients with samples obtainedmore than
24 hours after admission to the ICUwere excluded. The primary outcome,
as adjudicated by two board-certified critical care physicians who were
blinded to theELISAmeasurements, was the development ofALI at least
6 hours after the time of the sample draw. Patients were followed for
2 weeks for ALI ascertainment and 60 days for mortality. The time of
onset of ALI was defined as the time the patient met the last of the
1994 American-European Consensus Conference criteria (37); the re-
cently developed Berlin definition of ARDS was also used for a sensitiv-
ity analysis (38). Patients who met criteria for ALI at initial assessment,
before the sample draw, or within the subsequent 6 hours were excluded
from this analysis to ensure removal of ALI that was present at baseline
(n ¼ 49). Patients with bilateral infiltrates on chest radiograph who
lacked an arterial blood gas within 24 hours of the chest radiograph were
also excluded because we could not adjudicate the outcome (n ¼ 14).

Biologic Sample Collection, Processing,

and Measurements

Ang-2, Ang-1, sRAGE, IL-8 (all R&D Systems, Minneapolis, MN), and
vWF (Diagnostica Stago, Parsippany, NJ) were measured in duplicate
using commercially available two-antibody sandwich ELISA.

Statistical Methods

Discrimination of each biomarker was tested by calculating the area under
a receiver operating characteristic curve (AUROC). We also calculated
sensitivity and specificity at the cutpoint thatminimized the distance to per-
fect sensitivity and specificity (coordinates [0,1] on the graph). Confidence
intervals (CIs) for the AUROC were obtained using a bootstrap method
with 1,000 repeated replacement samples from the cohort. Discrimination
between twomodels was compared with a test of equality for theAUROC
and the integrated discrimination improvement as previously described
(12, 39). The discrimination of the models was validated using 10-fold
cross-validation techniques (repeated 10 times and averaged).

Multivariate logistic regression models were used to adjust for po-
tential confounding (sepsis, infection-related risk factor) and to illus-
trate that a biomarker contains additional predictive information
compared with common markers of severity of illness (vasopressor
use, Acute Physiology and Chronic Health Evaluation [APACHE]
II). An a priori multivariate model adjusted for both severe sepsis
and APACHE II score. Biomarkers were included after a natural log
transformation to better fit the linearity assumption with the log-odds
of the outcome. All models were additionally checked with a Hosmer-
Lemeshow goodness-of-fit test. A two-sided P value less than 0.05 was
considered statistically significant. Statistical analysis was performed
with STATA/IC 12 (College Station, TX).

RESULTS

Baseline Characteristics

The baseline characteristics of the study sample are described in
Table 1. Patients who went on to develop ALI were more se-
verely ill, with a higher APACHE II score and increased vaso-
pressor use in the emergency department, compared with
patients who never developed ALI. Patients with ALI were
more likely to be intubated than those who never developed
ALI. Patients who were excluded because they were already
diagnosed with ALI at the time that their sample was drawn
were similar to those who went on to develop ALI both in
severity of disease and in distribution of primary ALI risk fac-
tors (see Table E1 in the online data supplement).

Plasma samples were drawn a median of 9.9 hours after pre-
sentation to the emergency department (range, 0.2–33 h) and
a median of 2.5 hours after admission to the ICU (range, 214 to
24 h). Patients who developed ALI at least 6 hours after the
sample draw had a median of 22 hours between the sample draw
and the time they met criteria for ALI (range, 6–110 h, with
a single outlier at 195 h). A sensitivity analysis excluding the
patient at 195 hours did not change the results presented below.

Predictive Value of Plasma Biomarkers for Subsequent ALI

Ang-2, the Ang-2/Ang-1 ratio, and IL-8 were significantly higher
among those who developed ALI compared with those who did
not (Figures 1A–1C; P ¼ 0.0008, 0.04, and 0.004, respectively). In
contrast, plasma levels of sRAGE (P ¼ 0.57) and vWF (P ¼ 0.42)
were similar in each group (Figures 1D and 1E). Because sRAGE
and vWFwere not predictive of ALI, they were not analyzed further.

Multivariate Adjustment of Predictor Models

In a logistic regression model, Ang-2 alone significantly pre-
dicted the development of ALI (odds ratio [OR], 2.4 [95%
CI, 1.3–4.2] for each log increase in Ang-2; Table 2). Similarly,
IL-8 also predicted the development of ALI (OR, 1.5 [95% CI,
1.1–2.0] for each log increase in IL-8).

Sepsis is a potential confounder of the relationship between
Ang-2 and ALI, because sepsis is a risk factor for ALI and has
previously been associated with elevated Ang-2 (40). Even after
adjustment for sepsis and severe sepsis in separate models,
plasma Ang-2 remained statistically significantly associated with
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developing ALI (OR, 2.2 [95% CI, 1.2–4.0] and 2.2 [95% CI,
1.2–3.9], respectively; Table 2). The association between Ang-2
and ALI was similarly robust to adjustment for an infection-
related ALI risk factor (OR, 2.1 [95% CI, 1.1–4.0]; Table 2).
There was no qualitative interaction between patients with and
without sepsis, as both strata of patients had similar increased
odds of ALI at higher Ang-2 levels.

To ensure that Ang-2 had predictive value that went beyond
general ability to identify patients who were sick and thus likely
to develop ALI, we also adjusted for markers of severity of illness
in multivariate models (Table 2). These analyses showed that the
association between Ang-2 and ALI was robust to adjustment for
vasopressor use, as a surrogate marker for severe shock. Likewise,
the association between Ang-2 and ALI was only mildly attenu-
ated by adjustment for APACHE II score, despite the fact that
the APACHE II score incorporates data from a later time point in
the patient’s critical illness (the first 24 h in ICU). A model that
adjusted for both APACHE II score and the presence of severe
sepsis on day 1 similarly showed only a mild attenuation.

Although IL-8 was significantly associated with ALI alone or
when adjusted for emergency department vasopressor use (OR,
1.5 [95% CI, 1.1–2.0]), it was less robust to adjustment for sepsis
(OR, 1.4 [95%CI, 0.99–1.9]), APACHE II (OR, 1.3 [95%CI, 0.97–
1.8]), or infection-related ALI risk (OR, 1.3 [95% CI, 0.94–1.9]).

Discrimination of Clinical and Biomarker Predictive Models

To evaluate discrimination, we calculated an AUROC. Ang-2
had good discrimination, with an AUROC of 0.74 (95% CI,

0.62–0.84; Figure 2). The addition of Ang-1 to generate the
Ang-2/Ang-1 ratio did not add predictive value (AUROC,
0.65; 95% CI, 0.52–0.76) among all critically ill patients.

The LIPS alone also showed good discrimination between
those who will develop ALI and those who will not, with an
AUROC of 0.74 (95% CI, 0.65–0.84; Figure 2). The addition
of Ang-2 to the LIPS score to generate a combined model
improved the discrimination compared with the LIPS alone
(AUROC, 0.84 [95% CI, 0.78–0.91]; P ¼ 0.05 for comparison
to LIPS alone using test of equality; Figure 2). The integrated
discrimination improvement confirmed that the addition of
Ang-2 improved the LIPS model (P ¼ 0.04). In a 10-fold cross-
validation averaged over 10 repetitions, Ang-2 (AUROC, 0.70)
and the combined Ang-2/LIPS model (AUROC, 0.81) showed
only minor decreases in discrimination.

Test Characteristics of Ang-2 and LIPS for Predicting ALI

Using conventional AUC methods, a cutpoint for Ang-2 was set
at 12,100 pg/ml. At this cutpoint, Ang-2 had a sensitivity of 79%,
a specificity of 70%, a PPV of 25%, and an NPV of 96% for de-
velopment of ALI. In our cohort, Ang-2 outperformed LIPS
(cutpoint . 4 points: PPV, 21%; NPV, 94%) (8). The combina-
tion of LIPS and Ang-2 (LIPS . 4 and Ang-2 > 12,100 pg/ml)
had a PPV of 40% (n ¼ 20 patients), a substantial improvement
over the 21 to 25% of each variable alone. Conversely, the NPV
of the combination of LIPS and Ang-2, using the same cutoffs as
above, was 100% (n ¼ 72 patients).

Sensitivity Analysis: Restricting to Population

at Risk for ALI

The main analyses were repeated on a population restricted only
to those with a risk factor for ALI over the first 2 weeks of the
study (n ¼ 107, 19 of whom developed ALI at least 6 h after the
sample draw). Ang-2 was still statistically significantly higher
among those who developed ALI than those who did not
(P ¼ 0.003). Ang-2 alone (AUROC, 0.72 [95% CI, 0.57–0.83])
and LIPS alone (AUROC, 0.69 [95% CI, 0.56–0.76]) both had
adequate discrimination in this subset, and the addition of Ang-
2 to the LIPS score improved the discrimination compared with
the LIPS alone (AUROC, 0.80 [95% CI, 0.70–0.88]; P ¼ 0.05 for
comparison to LIPS alone using test of equality). Restricting to
patients at risk for ALI did not materially change the ORs or
P values in the multivariate models as presented above.

Sensitivity Analysis: Association between Ang-2 and ALI

Present at Baseline

To further test the biologic plausibility of the role of Ang-2 in
early ALI, we compared Ang-2 levels in the patients with
ALI at baseline or within the subsequent 6 hours (n ¼ 49,
excluded from the previous analyses as described in METHODS)
and individuals who never developed ALI. As in our prior anal-
yses, Ang-2 was significantly higher among patients with ALI at
baseline than in patients who never developed ALI.

Sensitivity Analysis: Berlin Definition for ARDS

The main analyses were repeated using the Berlin definition of
ARDS as the outcome (n ¼ 14 in our cohort instead of n ¼ 19
with the 1994 consensus definition). Ang-2 was still statistically
significantly higher among those who developed ALI than those
who did not (P ¼ 0.004). Analyses of discrimination and multi-
variate models were also not materially different from the main
Ang-2 analyses presented above.

TABLE 1. BASELINE CHARACTERISTICS

No ALI (n ¼ 148) Develop ALI (n ¼ 19) P Value

Age, yr 65 6 18 69 6 16 0.4

Male sex 71 (48) 8 (42) 0.6

Race 1

Caucasian 59 (40) 9 (47)

African American 20 (14) 3 (16)

Asian 39 (26) 4 (21)

Hispanic 26 (18) 3 (16)

Other 4 (3) 0 (0)

Admitting service 0.9

Medicine 93 (63) 13 (68)

Cardiology 29 (20) 3 (16)

Surgery 7 (5) 0 (0)

Other 18 (12) 3 (16)

Primary admission diagnosis 0.005

Cardiac 34 (23) 2 (11)

Respiratory 24 (16) 6 (32)

Gastrointestinal 14 (9) 1 (5)

Infectious 24 (16) 9 (47)

Neurological 23 (16) 0 (0)

Other 29 (20) 1 (5)

Primary ALI risk factor ,0.001

None 60 (41) 0 (0)

Sepsis 39 (26) 7 (37)

Pneumonia 12 (8) 8 (42)

Transfusion 20 (14) 3 (16)

Aspiration 13 (9) 1 (5)

Pancreatitis 1 (1) 0 (0)

Drug overdose 3 (2) 0 (0)

Other 0 (0) 0 (0)

APACHE II score 21.4 6 8.4 28.4 6 8.5 0.003

Vasopressor use in ED 20 (14) 7 (37) 0.01

Intubated during stay 51 (34) 13 (68) 0.004

60-d mortality 35 (24) 6 (32) 0.45

Definition of abbreviations: ALI ¼ Acute Lung Injury; APACHE ¼ Acute Physiol-

ogy and Chronic Health Evaluation; ED ¼ emergency department.

Data are presented as mean6 SD or n (%). Analysis performed using Wilcoxon

rank-sum, chi-square test, or Fisher exact test as appropriate.
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DISCUSSION

In this sample of critically ill patients identified early in their hos-
pital course, elevated levels of plasma Ang-2 predicted the sub-
sequent development of ALI, even after adjustment for sepsis,
and improved the discrimination, PPV, and NPV of a previously
validated clinical prediction score. In contrast, plasma sRAGE,
vWF, and the Ang-2/Ang-1 ratio do not contribute predictive
value for ALI. IL-8 was similar to Ang-2 in predicting ALI
and improving discrimination of LIPS in unadjusted models,
but its predictive value was not as robust to adjustment in mul-
tivariable models, and further studies in additional cohorts will
be needed to determine whether IL-8 is also a significant predic-
tive marker. These biomarker findings are important not only
because they provide a potential approach for ALI prediction
but also because they provide important insight into the early
pathogenesis of ALI.

Given an increased focus on the importance of early thera-
peutics and prevention of ALI (7, 41), the development of re-
liable methods to predict ALI is a high priority. Focused clinical
prediction scores, such as the surgical lung injury prediction
model (10) and the post-trauma prediction model (42), may

have some value in specific risk populations. However, neither
of these prediction models has ever been validated, and the
models may not generalize to all patients at risk for ALI. The
LIPS has been validated in a broad population and has excellent
NPV for ALI (8, 9), although it has limited PPV.We had a priori
reason to expect plasma biomarkers to improve the clinical-only
LIPS score, because the addition of biomarkers has added value
to prognostic scores that predict mortality in ALI (11, 12). In-
deed, the addition of an Ang-2 cutoff to the LIPS cutoff resulted
in substantial improvement in PPV over the LIPS score alone.
Although the PPV was still relatively low at 40%, this finding
has important implications for future clinical trial enrollment,
because the LIPS is already in use to enrich these populations
for ALI. Furthermore, the addition of an Ang-2 cutoff resulted
in a perfect NPV, which, if confirmed in future studies, suggests
that a combination of LIPS and Ang-2 could be clinically useful
to exclude future development of ALI.

Both vWF and sRAGE were promising biomarkers that we
had hypothesized would predict ALI and improve the LIPS
score. Indeed, they were the only two biomarkers that had been
previously associated with prediction of ALI: vWF was found to
predict ALI in patients with nonpulmonary sepsis (32), and

Figure 1. Plasma biomarker lev-

els by newly developed acute
lung injury (ALI). Patients who

went on to develop ALI at least

6 hours after the sample draw

(n ¼ 19) had statistically signifi-
cant increased levels of angio-

poietin (Ang)-2 (A), Ang-2/

Ang-1 ratio (B), and IL-8 (C)
compared with those who did

not develop ALI (n ¼ 148). Re-

ceptor for advanced glycation

end products (sRAGE) (D) and
von Willebrand factor (vWF) (E)

levels were equivalent between

the two groups.
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sRAGE was predictive in children after cardiac surgery (33).
However, these two studies are the only reports of predictive
biomarkers for ALI; neither study has yet been replicated, and
each focuses on a specific population subset. In our population
of all critically ill patients, neither biomarker predicted ALI.
Because the previous findings on vWF were published in 1990
(32), it is likely that changing secular trends including new stan-
dardized definitions of sepsis and ALI as well as changes in
emergency department or early hospital protocols make it dif-
ficult to compare results. There are a few reasons that our
results may have differed from the other study that examined
sRAGE (33). First, sRAGE may only be predictive among chil-
dren undergoing cardiac surgery and may not generalize to
adult critically ill patients. Second, the authors measured
sRAGE immediately after surgery, but they do not address
when after surgery the patients developed ALI. If ALI devel-
oped during surgery or soon after, then sRAGE may be useful
as a diagnostic marker instead of a predictive marker.

The unique and novel prediction ability of Ang-2 over other
important biomarkers, such as sRAGE and vWF, may enrich our

understanding of the early pathogenesis of ALI. Previous studies
have already linked Ang-2 with increased pulmonary leak index
(a measure of increased lung vascular permeability to protein),
severity of illness, and mortality in patients with ALI (13, 15, 17–
19). Our novel finding that Ang-2 predicts ALI suggests that
endothelial injury and vascular permeability may be among the
first mechanisms of injury that begin early in the course of the
disease. Laboratory data have demonstrated that Ang-2 is not
just a marker of disease but also an important mediator of the
biology of ALI. In vitro studies of Ang-2 have found that high
levels disrupt the junctional architecture of cultured lung endo-
thelial cells and that the barrier can be rescued with adminis-
tration of Ang-1 (16, 17). Perhaps most interestingly, genetic
studies have identified polymorphisms in the ANGPT2 gene
that are associated with increased risk of developing ALI
(21). These studies suggest that modification of the Ang-2/
Ang-1 axis may be a useful therapeutic approach in ALI. In-
deed, Ang-1 has already been shown to be a useful therapeutic
in a murine model of sepsis, another disease that has been
linked to high plasma levels of Ang-2 (43).

Of particular interest is the contrast between the prognostic
value of Ang-2 and another endothelial marker, vWF. Several
possible explanations could account for this discrepancy. First,
differences in half-life or mechanisms of clearance, both of which
are poorly understood for these markers, may contribute to their
differing prognostic values. Second, although Ang-2 and vWF
are initially both released from Weibel Palade bodies, it is un-
clear whether they are differentially produced once their initial
stores are depleted. Third, vWF has other sources, such as
a granules in megakaryocytes, and it is unknown whether other
sources may affect plasma concentrations in ALI (44). How-
ever, despite the uncertainty in the exact mechanism of this
dissociation, a similar pattern has been observed in other stud-
ies (18, 19). Further study is needed to better understand this
process in ALI, especially early ALI.

Our study has some limitations. First, although we obtained
our plasma samples earlier than most other studies, 72% of the
patients with ALI developed ALI before the sample draw or
within the subsequent 6 hours. Although our overall rate of
ALI (31%) matches that in other studies (21), our focus on
prediction of ALI required excluding those patients with ALI
on or soon after the sample draw. Thus, the number of patients
with ALI in our models is modest (n ¼ 19, of whom 13 are
intubated), which limits our precision and our power to show
a difference in mortality at Day 60. Further studies with larger
numbers of outcomes are needed to confirm our findings. Sec-
ond, it is possible that excluding patients with ALI present on
admission may limit our generalizability, because individuals
who presented to the hospital before developing ALI may have
had less severe disease than those who presented already with
ALI. Arguing against this possibility is the finding that demo-
graphic and severity measures were similar between the in-
cluded patients with ALI and the excluded patients with ALI,
as seen in Table E1. However, further studies in other popula-
tions, such as already-hospitalized patients or patients from the
operating room, are needed before generalizing our findings to
those patients. Third, there is no point-of-care test for Ang-2 at
this time, which limits its current application in clinical medi-
cine. If Ang-2 is confirmed to be a useful predictive marker,
further research will be needed to make rapid assays more im-
mediately available to clinicians. Fourth, due to the modest
number of outcomes, we could not include a large number of
variables simultaneously in logistic regression models. For this
reason we could not perform large-scale predictive model
generation and validation using both clinical and biological var-
iables. Last, our study lacks a validation cohort in which to

Figure 2. Receiver operating characteristic (ROC) curves. Angiopoietin-2

(Ang-2) (area under receiver operating curve [AUROC], 0.74; 95% CI,

0.62–0.84) and the Lung Injury Prediction Score (LIPS) (AUROC, 0.74;
95% CI, 0.65–0.84) each show good discrimination between those

who will develop acute lung injury and those who will not, but the

combination of both LIPS and Ang-2 is superior to either alone

(AUROC, 0.84; P ¼ 0.05 for test of equality of AUROC compared with
LIPS alone).

TABLE 2. THE ASSOCIATION BETWEEN ANGIOPOIETIN-2
AND PREDICTION OF ACUTE LUNG INJURY IN
MULTIVARIATE ANALYSES

Models OR 95% CI P Value

Ang-2 2.4 1.3–4.2 ,0.01

Ang-2 1 sepsis Day 1 2.2 1.2–4.0 ,0.01

Ang-2 1 severe sepsis Day 1 2.2 1.2–3.9 0.01

Ang-2 1 ED vasopressors 2.5 1.4–4.6 ,0.01

Ang-2 1 APACHE II 1.9 1.0–3.5 0.06

Ang-2 1 infection-related ALI risk 2.1 1.1–4.0 0.03

Ang-2 1 APACHE II 1 severe sepsis Day 1 1.8 1.0–3.4 0.06

Definition of abbreviations: ALI ¼ acute lung injury; Ang-2 ¼ angiopoietin-2;

APACHE ¼ Acute Physiology and Chronic Health Evaluation; ED ¼ emergency

department; OR ¼ odds ratio.

Infection-related ALI risk includes all patients with sepsis or pneumonia as a risk

factor for ALI. Ang-2 is natural log–transformed in the logistic regression model to

meet assumption of linearity with log-odds of outcome. The ORs presented here

are for each log increase in the level of plasma Ang-2.
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verify the use of Ang-2 or the combination of LIPS/Ang-2 for
prediction of ALI. The use of 10-fold cross-validation partially
mitigates this concern, because it shows that the AUROC for
both Ang-2 and the combined LIPS/Ang-2 prediction model
decreased only slightly, and thus it is unlikely that our findings
are due to overfitting of the data.

Our study also has several unique strengths. First, our cohort
was designed for early collection of plasma samples, allowing us
to capture many patients before the development of ALI. This is
a difficult population to recruit, because most patients present
with ALI, but it is also the population for whom prediction will
be themost important and likely to provide themost benefit. Sec-
ond, we were able to determine a time of diagnosis of ALI based
on the time at which the last diagnostic criteria for ALI weremet.
This data point was critically important in being able to distin-
guish patients who already had ALI or who developed ALI soon
after the sample draw from those who truly developed ALI after
the sample draw. Third, our study included patients with ALI
who were not intubated, which increases our generalizability
compared with most other studies of ALI, which focus exclu-
sively on intubated patients. Last, our prospective cohort design
with few exclusion criteria allowed for a broad range of critically
ill patients who represent a clinically relevant population and
increases the generalizability of our study.

In conclusion, our study is one of the few studies to examine
predictive biomarkers in ALI and the first study to report the
predictive value of Ang-2. The use of a combined model that
incorporates clinical variables with biological biomarkers such
as Ang-2 may play an important role in research stratification
of patients in future clinical trials for early therapeutics or pre-
ventative approaches forALI. In addition, the early rise ofAng-2
demonstrates the importance of early endothelial injury and
vascular permeability in the pathogenesis of ALI and provides
further evidence that the Ang-2/Ang-1 axis may be a useful
therapeutic target in this syndrome.

Author disclosures are available with the text of this article at www.atsjournals.org.
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