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Abstract
It has been well established that angiopoietin 2 (Ang-2), a glycoprotein involved in activation of the endothelium, plays an integral
role in the pathophysiology of sepsis and many other inflammatory conditions. However, the role of Ang-2 in sepsis-associated
coagulopathy (SAC) specifically has not been defined. The aim of this study was to measure Ang-2 plasma levels in patients with
sepsis and suspected disseminated intravascular coagulation (DIC) in order to demonstrate its predictive value in SAC severity
determination and 28-day mortality outcome. Plasma samples were collected from 102 patients with sepsis and suspected DIC at
intensive care unit (ICU) admission. The Ang-2 plasma levels were quantified using a sandwich enzyme-linked immunosorbent
assay method. The International Society on Thrombosis and Haemostasis DIC scoring system was used to compare the accuracy
of Ang-2 levels versus clinical illness severity scores in predicting SAC severity. Mean Ang-2 levels in patients with sepsis and DIC
were significantly higher in comparison to healthy controls (P < 0.0001), and median Ang-2 levels showed a downward trend over
time (P ¼ 0.0008). Baseline Ang-2 levels and clinical illness severity scores were higher with increasing severity of disease, and
Ang-2 was a better predictor of DIC severity than clinical illness scores. This study demonstrates that Ang-2 levels are significantly
upregulated in SAC, and this biomarker can be used to risk stratify patients with sepsis into non-overt DIC and overt DIC.
Furthermore, the Ang-2 level at ICU admission in a patient with sepsis and suspected DIC may provide a predictive biomarker for
mortality outcome.
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Introduction

The Society of Critical Care Medicine and the European Soci-

ety of Intensive Care Medicine created a task force in 2014 to

define sepsis as life-threatening organ dysfunction caused by a

dysregulated host response to infection.1 Disseminated intra-

vascular coagulation (DIC) is defined by the Scientific and

Standardization Committee of the International Society on

Thrombosis and Haemostasis (ISTH) as an acquired syndrome

characterized by the intravascular activation of coagulation

with loss of localization arising from different infectious and

non-infectious insults.2 Coagulation abnormalities occur in

many cases of sepsis, and approximately 35% of cases of sepsis

are complicated by DIC.3 Comorbidity of sepsis and DIC is

termed sepsis-associated coagulopathy (SAC) or sepsis-

associated DIC. The incidence of SAC increases with clinical

progression from systemic inflammatory response syndrome to

severe sepsis and septic shock, and the mortality rate in patients

with both severe sepsis and DIC is almost 2-fold higher than

those with severe sepsis alone.2 At this point in time, there is no

individual biomarker that can be used as a reliable predictor of

mortality and disease severity for patients with SAC.
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Angiopoietin 2 (Ang-2) is a promising endothelial biomarker

that has been studied in critical illnesses.4 It is a glycoprotein

that binds to the Tie2 tyrosine kinase receptor in the endothe-

lium to promote a proinflammatory state.5-15 The literature

shows that Ang-2 levels correlate with disease severity and

mortality outcomes in patients with sepsis; however, its cor-

relation in patients with sepsis-associated DIC is lacking.

In critical illness such as sepsis and DIC, an inflammatory

milieu causes endothelial cell (EC) dysfunction. Therapies tar-

geting coagulative and immune responses in SAC, including

recombinant tissue factor (TF) pathway inhibitor,3 antithrom-

bin concentrates,16 and recombinant human-activated protein

C,17 have had limited success due to their failure to address the

complex multiorgan response to critical illness. A better target

in the treatment of sepsis and SAC may be the vascular

endothelium specifically, as it is the coordinator of the various

immune, coagulative, and inflammatory processes that occur in

sepsis-associated DIC. The Ang-Tie2 system, a non-redundant

regulator of the endothelium, may thus be a good target for

SAC therapy and is the focus of the present study.

The role of angiopoietins in many critical illnesses such as

sepsis,4-6,10-13,18-28 acute lung injury (ALI),15,29-33 acute liver

failure,25,34 acute kidney injury (AKI),5,35-37 and cardiovascu-

lar disease38-42 has been investigated extensively. Associations

between high Ang-2 levels and clinical measures of sepsis

severity and organ dysfunction such as Organ Failure Index,19

fluid overload,25 Multiple Organ Dysfunction Syndrome

(MOD) score,10 Acute Physiology and Chronic Health Evalua-

tion (APACHE II and III), and Sequential Organ Failure

Assessment (SOFA) scores12-14,18,27 have been found. Perhaps

most importantly, Ang-2 predicts 28-day survival in patients

with sepsis.12-14,23,25

However, there is limited understanding of the role of Ang-2

in SAC specifically.43 Further research into its role could be

beneficial because of the known upregulation and release of

Ang-2 in inflammatory states such as DIC. Disruption of the

endothelial-lined vasculature in DIC causes exposure of sub-

endothelial TF. Ensuing TF-dependent coagulation causes sys-

temic thrombin formation in the microvasculature, causing

tissue hypoxia that leads to organ ischemia, injury, and even-

tual necrosis.2 Thrombin also causes rapid release of pre-stored

Ang-2 from endothelial Weibel-Palade bodies, and tissue

hypoxia upregulates Ang-2 transcription.44-46

The present investigation is a multicenter cohort study with

4 main objectives: First, this study investigated whether plasma

levels of Ang-2 in a cohort of patients with sepsis and suspected

DIC are significantly different from Ang-2 levels in healthy

controls; second, whether a trend in median Ang-2 level over

time is present; third, whether baseline (day 0) mean Ang-2

levels can predict 28-day mortality, and whether or not Ang-2

is a better predictor than clinical illness severity scores; and

fourth, whether baseline median Ang-2 levels and clinical ill-

ness severity scores are significantly different between patients

with different severities of DIC and if either can effectively

stratify patient risk.

We hypothesized that patients with sepsis and suspected

DIC will have higher Ang-2 levels than healthy controls and

that Ang-2 will decrease over time as patients receive standard

of care. We suspected that non-survivors and those with higher

DIC scores will have higher Ang-2 levels and illness severity

scores than survivors and less critically ill patients. Also, we

hypothesized that Ang-2 will outperform illness severity scores

in mortality outcome prediction and DIC severity stratification.

Materials and Methods

Plasma samples from adult patients admitted to the intensive

care unit (ICU) at the University of Utah or an associated

community hospital with a diagnosis of sepsis and suspected

DIC were acquired between 2008 and 2012 under an institu-

tional review board (IRB)-approved protocol by Matthew Ron-

dina, MD, at the University of Utah.47-49 Citrated whole blood

samples were collected upon ICU admission at baseline (day 0)

as well as on days 4 and 8 for those remaining in the ICU at

those times. Plasma samples were stored at �80�C prior to

analysis. Transfer of samples and accompanying de-identified

clinical information was approved by the Loyola University

Chicago Institutional Review Board (LU number 207958).

Baseline (day 0) samples and accompanying data were avail-

able from 102 patients. Of these patients, 56 had day 4 samples

and data available and 30 had day 8 samples and data available.

Mortality data, but not DIC severity data, was missing for 1

patient; therefore, n ¼ 101 for baseline mortality data and n ¼
102 for baseline DIC severity data (Tables 1-3).

Demographic and clinical information for this patient cohort

is provided in Table 1. Information regarding comorbidities,

anticoagulant use, length of hospital stay, and ventilator use

was also available for this patient population. Patient samples

were collected before the regulatory approval of the direct anti-

Xa agents apixaban and rivaroxaban; thus, these agents are not

included in the table.

As sepsis can occur across a spectrum of severity, it is

important to quantify disease severity in any study popula-

tion. The presence of septic shock (defined by vasopressor

use at day 0) is indicative of more severe illness. Several

clinical scoring systems were used to describe the severity

of critical illness in our patients. The SOFA and MOD

scores (calculated based on available clinical information)

incorporate measures of respiratory, hematologic, hepatic,

cardiovascular, central nervous system, and renal function

in order to describe clinical status. The APACHE II and III

scores (calculated at ICU admission) incorporate similar but

not identical criteria.50-52 A higher score is indicative of a

worse prognosis (see Tables 1 and 2).

The DIC score was calculated in all patients using the

2001 ISTH scoring algorithm for DIC subclassification into

no DIC (score <3), non-overt DIC (score 3-4), and overt DIC

(score �5; Table 4).53 The score is calculated using laboratory

values, including platelet count, fibrin markers, prothrombin

time (PT), and fibrinogen level. Presence of a predisposing

condition is a prerequisite for the application of this scoring
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system; this requirement was met for all patients in this

population by the presence of sepsis. The 28-day mortality,

the most important outcome to measure for sepsis and DIC,

was calculated for the 101 patients in which mortality data

was available.

Platelet counts, international normalized ratio (INR), and

fibrinogen levels, all components of the DIC score, were

acquired in the normal course of patient care following stan-

dard hospital protocols and were provided with patient sam-

ples. The PT/INR and fibrinogen values were not provided with

Table 2. Baseline (Day 0) Clinical Illness Severity Scores Listed by Mortality Outcome (Left) and DIC Severity (Right).

Clinical Illness
Severity Scores All

Survivors,
n ¼ 86

Non-survivors,
n ¼ 15 aP

Sepsis,
n ¼ 20

Sepsis þ Non-overt
DIC, n ¼ 58

Sepsis þ Overt
DIC, n ¼ 24 bP

SOFA score
Mean + SEM 5.9 + 0.4 5.4 + 0.4 8.5 + 0.8 0.0027 4.2 + 0.6 5.7 + 0. 7.5 + 0.6 –
Median (range) 6 (0-14) 5 (0-14) 9 (1-13) – 4 (0-10) 56 (0-14) 8 (2-13) 0.010

MOD score
Mean + SEM 5.2 + 0.4 4.8 + 0.4 7.2 + 1.1 0.0445 3.8 + 0.6 5 + 0.5 6.6 + 0.8 –
Median (range) 5 (0-15) 5 (0-15) 8 (1-14) – 4 (0-9) 5 (0-14) 8 (0-15) 0.0478

APACHE II score
Mean + SEM 16.4 + 0.8 23.1 + 1.7 0.0003 16 + 1.4 17.2 + 1.0 18.8 + 1.4 –
Median (range) 16 (4-42) 15 (4-37) 22 (13-42) – 15 (5-30) 16 (4-42) 19 (7-30) 0.3657

APACHE III score
Mean + SEM 79.3 + 3.7 74.7 + 4.0 100.8 + 5.7 0.0027 59.6 + 10.1 78.6 + 4.5 90.6 + 6.9 –
Median (range) 79 (14-150) 73 (14-150) 107.5 (67-127) – 51 (14-106) 79.5 (15-140) 91.5 (41-150) 0.0786

Abbreviations: APACHE III, Acute Physiology and Chronic Health Evaluation III; DIC, disseminated intravascular coagulation; MOD, Multiple Organ Dysfunction
Syndrome; SEM, standard error of the mean; SOFA, Sequential Organ Failure Assessment.
aP is a Mann-Whitney t test between means of survivors and nonsurvivors.
bP is a Kruskal-Wallis 1-way ANOVA for medians of DIC severity groups.

Table 1. Patient Demographics.

Parameters All
Survivors,

n ¼ 86
Non-survivors,

n ¼ 15 aP
Sepsis
n ¼ 20

Sepsis þ Non-overt
DIC, n ¼ 58

Sepsis þ Overt
DIC, n ¼ 24 bP

Demographics
Age, mean (SD), years 56.8 (1.8) 55.3 (2.0) 65.4 (4.9) 0.0336 53.8 (4.0) 56.4 (2.4) 61.1 (4.2) 0.2315
Weight, mean (SD), kg 89.6 (2.7) 88.9 (2.9) 93.1 (7.9) 0.5685 93.1 (7.5) 91.7 (3.6) 80.9 (4.0) 0.2845
BMI (SD) 30.9 (0.9) 30.9 (1.0) 31.2 (2.0) 0.7280 31.8 (2.4) 32.3 (1.1) 27.1 (1.9) 0.1076
Gender, n (%)

Male 53 (52.5) 45 (52.3) 8 (53.3) – 11 (55) 32 (55.2) 11 (45.8) –
Female 48 (47.5) 41 (47.7) 7 (46.7) – 9 (45) 26 (44.8) 13 (54.2) –

Race, n (%)
White 86 (85.1) 73 (84.9) 13 (86.7) – 19 (95) 47 (81.0) 21 (87.5) –
Hispanic 9 (8.9) 7 (8.1) 2 (13.3) – 1 (5) 6 (10.3) 2 (8.3) –

Comorbidities and medications, n
Cirrhosis 6 4 2 – 2 3 1 –
Recent/active cancer 8 7 1 – 1 4 3 –
CVD 20 15 5 – 4 13 4 –
Direct thrombin inhibitor 20 15 5 – 4 13 4 –
Warfarin 6 5 1 – 3 1 2 –
Lovenox (prophylactic) 0 – – – – – – –
Lovenox (therapeutic) 0 – – – – – – –

Illness severity
Length of stay, mean (SD), days 11.1 (19.5) 8.6 (6.7) 26.4 (48.2) 0.1534 9 (5.7) 12.14 (24.5) 10.05 (8.9) 0.7143
Septic shock (VP use day 0), n 45 33 12 – 5 27 13 –
Ventilator use at day 0, n 48 43 5 – 10 25 13 –
28-Day mortality, n (%) – – – 2 (10) 7 (12.1) 6 (25) –

Abbreviations: BMI, body mass index; CVD; cardiovascular disease; DIC, disseminated intravascular coagulation; SD, standard deviation; VP, vasopressor.
aP is a Mann-Whitney t test between means of survivors and nonsurvivors.
bP is a Kruskal-Wallis 1-way ANOVA for medians of DIC severity groups.
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some samples and were instead measured using standard pro-

cedures on an ACL-ELITE coagulation analyzer (Instrumenta-

tion Laboratories, Bedford, MA). The INR values were

calculated as ðpatient PT=11:9secondsÞ1:04
. The D-Dimer lev-

els for all samples were measured using a commercially avail-

able enzyme-linked immunosorbent assay (ELISA) test

(Hypehen BioMed, Neuville-Sur-Oise, France).

The Ang-2 levels were measured in all patient and control

samples using a commercially available sandwich-type ELISA

kit according to the manufacturer’s instructions (R&D Sys-

tems, Minneapolis, Minnesota). Optical density was measured

at the wavelength of 450 nm using a spectrophotometer and

SoftMaxPro software (Molecular Devices, Sunnyvale, Califor-

nia). Control samples, purchased from George King Bio-

Medical (Overland Park, Kansas), were from 25 male and 25

female nonsmoker, non-medicated, healthy volunteers, aged 19

to 54 years, with a mean age of 32 years. Pooled normal human

plasma and pooled pathological human plasma samples were

included on each plate to monitor inter-assay variation. Patient

and control samples were analyzed in single runs. Samples with

an optical density exceeding the highest calibrator were diluted

and repeated on a subsequent plate. Samples with an optical

density value resulting in a calculated analyte concentration of

<0 were recorded as having a concentration of 0.

All statistical analyses were performed using GraphPad Prism

(version 7.02 for Windows, GraphPad Software, La Jolla, Cali-

fornia). Multiple non-parametric Mann-Whitney tests assessed

differences between healthy controls and patients at baseline (day

0), day 4, and day 8, and a single Mann-Whitney U test compared

differences between survivors and non-survivors. Differences at

baseline, day 4, and day 8, as well as differences among the

various sepsis and ISTH DIC severity categories were assessed

using non-parametric Kruskal-Wallis tests. Dunn multiple com-

parisons test assessed differences between mean ranks of individ-

ual groups. Receiver–operating characteristic (ROC) procedures

were used to predict mortality outcome and illness severity

(specifically, sepsis alone vs sepsis þ overt DIC), and the area

under the ROC curves (AUC) were calculated. Data is displayed

as mean+ standard error of the mean (SEM) or median+ range

as appropriate (Tables 1-3). All analyses were 2 tailed, with

P values <0.05 considered statistically significant.

Results

Mean Ang-2 Levels in All Patients at Baseline, Day 4, and
Day 8 Were Significantly Higher Than Controls

Mean Ang-2 levels in all patients with sepsis and sepsis plus

any severity of DIC at baseline, day 4, and day 8 were

Table 4. ISTH DIC Scoring System.

Variable Value Points

Platelets, K/mL >100 0
50-100 1

<50 2
INR <1.3 0

1.3-1.7 1
>1.7 2

D-Dimer, ng/mL <400 0
400-4000 2

>4000 3
Fibrinogen, mg/dL >100 0

<100 1

Abbreviations: DIC, disseminated intravascular coagulation; INR, international
normalized ratio; ISTH, International Society on Thrombosis and Haemostasis.

Table 3. Day 0, Day 4, and Day 8 Ang-2 Levels Listed by Mortality Outcome (Left) and DIC Severity (Right).

Ang-2 Levels, ng/mL:
Day 0, Day 4, Day 8 All

Survivors,
n ¼ 86

Non-survivors,
n ¼ 15 aP

Sepsis,
n ¼ 20

Sepsis þ Non-overt
DIC, n ¼ 58

Sepsis þ Overt
DIC, n ¼ 24 bP

Healthy Controls
n (%) 50 – – – – – – –
Mean + SEM 1.9 + 0.2 – – – – – – –
Median (range) 1.6 (0.5-5.5)

Day 0 patients
n (%) c101 86 (85.1) 15 (14.9) – 20 (19.6) 58 (56.9) 24 (23.5) –
Mean + SEM 15.2 + 1.9 12.5 + 1.5 30.2 + 8.6 0.0010 8.3 + 2.5 11.7 + 1.4 29.4 + 6.3 –
Median (range) 8.3 (0.7-136.3) 7.4 (0.7-66.2) 19.3 (1.8-136.3) – 5.8 (1.0-53.6) 8.3 (0.7-44.2) 17.6 (1.8-136.3) 0.0003

Day 4 patients
n (%) 55 45 (81.8) 10 (18.2) – 10 (17.9) 36 (64.2) 10 (17.9) –
Mean + SEM 7.3 + 1.1 6.7 + 1.2 9.8 + 2.1 0.0819 4.7 + 1.0 7.9 + 1.5 7.8 + 2.3 –
Median (range) 5.7 (0.1-53.2) 4.4 (0.1-53.2) 9.4 (1.3-24.5) – 4.4 (0.1-11.3) 6.8 (0.4-53.2) 6.7 (1.6-24.5) 0.5494

Day 8 patients
n (%) 30 24 (80) 6 (20) – 8 (26.7) 22 (73.3) 0 –
Mean + SEM 8.5 + 2.1 7.6 + 2.5 11.7 + 4.1 0.2264 2.2 + 0.3 10.8 + 2.7 – –
Median (range) 4.9 (0.5-61.0) 3.2 (0.9-61.0) 11.0 (0.5-26.9) – 2.0 (1.1-3.2) 8.2 (0.5-61.0) – –

Abbreviations: Ang-2, Angiopoietin-2; DIC, disseminated intravascular coagulation; SEM, standard error of the mean.
aP is a Mann-Whitney t test between means of survivors and nonsurvivors.
bP is a Kruskal-Wallis 1-way ANOVA for medians of DIC severity groups.
cMortality data, but not DIC severity data, was missing for 1 patient; therefore, n ¼ 101 for baseline mortality data and n ¼ 102 for baseline DIC severity data.
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compared to those in normal controls (Figure 1, Table 3). The

Ang-2 levels in patients on all days were significantly higher in

comparison to controls (*P, ** P, and ***P <0.0001).

Plasma Levels of Ang-2 Show a Downward Trend
Over Time

Serial plasma samples from all patients at baseline, day 4, and

day 8 were compared to understand the effect of standard of

care for patients with sepsis and suspected DIC on Ang-2 levels

(Figure 2; Table 3). Blood draws on subsequent days were only

performed on patients who remained in the ICU. There was a

significant difference in median Ang-2 levels on different days

(P¼ 0.0008). In particular, day 0 showed a significantly higher

Ang-2 level in comparison to day 4 (*P ¼ 0.0027) and day 8

(**P ¼ 0.0226). However, there was no significant difference

between Ang-2 levels on day 4 in comparison to day 8 (P >

0.999).

Lower Baseline Ang-2 Plasma Levels and Lower Illness
Severity Scores had Better Mortality Outcomes

Of the 101 patients in which mortality data was reported, 86

survived and 15 died, giving a 28-day mortality rate of 15%.

Mortality was notably higher in the overt DIC group (25%)

compared to patients with sepsis alone (10%; Table 1). Mean

Ang-2 levels at admission and baseline clinical measures of

illness severity, including SOFA score, MOD score, and

APACHE II and III scores, were significantly lower in survi-

vors compared to non-survivors (Figure 3; Tables 2 and 3).

Figure 4 shows the ROC curves of all baseline parameters

for predicting death in SAC. The AUC values (AUC, SEM, P

value) for Ang-2 (0.7597, 0.06623, 0.0014), SOFA score

(0.738, 0.06596, 0.0034), MOD score (0.662, 0.08023,

0.0459), APACHE II score (0.7802, 0.0535, 0.0006), and

APACHE III score (0.7697, 0.06587, 0.0035) were similar.

Therefore, Ang-2 was as accurate as commonly used clinical

severity scores at predicting mortality.

Angiopoietin 2 as a Clinical Predictor of SAC Severity

To understand the association of Ang-2 and clinical illness

scores with the categorization of SAC, baseline Ang-2 levels

were stratified based on the ISTH DIC severity scoring system

(Figure 5). The Ang-2, SOFA scores, and MOD scores showed

significant differences, while APACHE II and III scores

showed no significant differences between any of the SAC

severity categories (Tables 2 and 3). The Ang-2 levels

(P ¼ 0.0004), SOFA scores (P ¼ 0.0081), and MOD scores

(P ¼ 0.0469) were significantly lower in the sepsis category in

comparison to the sepsis þ overt DIC category. Additionally,

Ang-2 levels were significantly lower in the sepsisþ non-overt

DIC group in comparison to the sepsis þ overt DIC group

(P ¼ 0.005). Neither Ang-2 nor any illness severity score

showed a significant difference between patients with sepsis

alone compared to the sepsis þ non-overt DIC group.

Figure 6 shows the ROC curves of all baseline parameters

for predicting SAC severity (specifically, sepsis alone vs sepsis

þ overt DIC). The AUC values (AUC, SEM, P value) of the

different parameters were not the same, as median Ang-2

(0.8292, 0.06403, 0.0002) outperformed SOFA score (0.7771,

0.06984, 0.0017), MOD score (0.7094, 0.07842, 0.0178),

APACHE II score (0.6167, 0.08634, 0.1869), and APACHE

III score (0.7778, 0.09547, 0.0206). This indicates that admis-

sion Ang-2 levels may be more accurate than clinical illness

scores at predicting the presence of DIC in patients with sepsis.

Results Summary

The results of this study show that Ang-2 levels are increased in

patients with sepsis and suspected DIC compared to healthy

controls, and median Ang-2 levels tend to decrease over time

Figure 1. Plasma Ang-2 levels in patients with sepsis and DIC on ICU
day 0, day 4, and day 8 compared to normal controls (mean + SEM;
Mann-Whitney U test). Ang-2 indicates Angiopoietin-2; DIC, disse-
minated intravascular coagulation; ICU, intensive care unit; SEM,
standard error of the mean.

Figure 2. Trendline of median plasma Ang-2 levels in all patients with
sepsis and suspected DIC on day 0, day 4, and day 8. Ang-2 indicates
Angiopoietin-2; DIC, disseminated intravascular coagulation.
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with standard of care. Additionally, baseline Ang-2 levels and

clinical illness scores predicted 28-day mortality with compa-

rable accuracy, while Ang-2 was a more accurate predictor of

DIC severity.

Discussion

DIC is a systemic, secondarily acquired syndrome that affects

multiple organ systems and has widespread consequences.1 An

understanding of the role of the endothelium in sepsis and DIC

is crucial. DIC originates from and causes damage to the

endothelial-lined microvasculature, which if sufficiently severe

can cause organ dysfunction.53 The pathophysiology of DIC

involves three main mechanisms: (1) inflammatory cytokine-

mediated activation of TF-dependent coagulation, (2) suppres-

sion or downregulation of anticoagulation pathways, and (3)

inactivation or suppression of fibrinolysis.2 Combined, these

processes result in thrombosis and endothelial dysfunction that

can lead to organ failure.

The endothelium is a systemically distributed organ system

that forms a barrier between the bloodstream and every organ

of the body.44 ECs are highly heterogeneous and function in a

site-specific manner and serve as a key connection between the

immune system, endocrine and neural signaling, and coagula-

tion.4,5 The endothelium is involved in a number of vital

functions, including angiogenesis, balancing pro- and anti-

inflammatory mediators, regulation of blood pressure, mediat-

ing leukocyte extravasation to sites of injury in immune

responses, maintaining fluid balance, and providing oxygen

and nutrient transport. ECs ultimately function to maintain

homeostasis and respond appropriately to disturbances in

homeostasis via their interaction with other organ sys-

tems.5,6,54-56

The (Ang)-Tie2 system and vascular endothelial growth

factor (VEGF) are the two main regulators of the endothelium,

and endothelial dysfunction is central in SAC pathophysiol-

ogy.43-46 These two regulators have been studied in a variety

of critical illnesses, but VEGF has been the subject of much

Figure 3. Baseline Ang-2 levels and clinical illness severity scores for the 28-day survival outcome (mean + SEM). Ang-2 indicates Angiopoietin-
2; SEM, standard error of the mean.

Figure 4. Receiver–operating characteristic (ROC) curves for pre-
diction of 28-day mortality based on baseline measurements.
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more research and its role has been more firmly established

than Ang-2. The literature is currently insufficient to recognize

Ang-2 as a standard biomarker in DIC and SAC. Our results

indicate the possible utility of Ang-2 in SAC diagnosis and

treatment, prediction of DIC severity, and overall mortality

prediction.

Angiopoietin is a 70-kDa glycoprotein that binds to Tie2, an

endothelial growth factor receptor tyrosine kinase (RTK). Four

angiopoietins (Ang-1 through Ang-4) have been discovered.

Tie2 is unique among growth factor RTKs in that it is consti-

tutively activated to maintain quiescence in mature vascula-

ture, whereas most growth factors would not be active in the

adult.57-60

Angiopoietin-1, the Tie2 agonist, plays an important role

during both vascular development and in the maintenance of

healthy vasculature. During angiogenesis, Ang-1 signaling

guides correct blood vessel patterning, such as vessel branching

and vessel diameter.61 In healthy, developed vasculature, Ang-

1 is constitutively excreted by perivascular cells, and to a lesser

extent by platelets, to maintain quiescence.62,63 The Ang-1

tetramers and higher order oligomers induce autophosphoryla-

tion of the Tie2 RTK.57,64,65 Ultimately, phosphorylated Tie2

influences downstream signaling pathways (including the

PI3K/AKT pathway, Rac1 and RhoA kinases, and vascular

adhesion molecule 1 and intercellular adhesion molecule 1)

in a defined and non-redundant manner to maintain vascular

quiescence through anti-permeability, anti-inflammatory, and

anti-apoptotic effects.5,6,62

Angiopoietin-2, the counterpart to Ang-1, is produced by

ECs and macrophages. It is a much weaker agonist of Tie2

such that the receptor is effectively dephosphorylated and thus

inactivated when Ang-2 binding displaces Ang-1 from

receptor-binding sites. Therefore, Ang-2 is widely considered

a Tie2 competitive antagonist. Decreased activation of Tie2

Figure 5. Baseline Ang-2 levels outperform clinical illness scores in differentiating patients with different severities of DIC (median + range).
Ang-2 indicates Angiopoietin-2; DIC, disseminated intravascular coagulation.

Figure 6. Receiver–operating characteristic (ROC) curves for DIC
severity category prediction by baseline parameters. DIC indicates
disseminated intravascular coagulation.
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causes activation of the endothelium, resulting in the loss of

barrier integrity and a pro-inflammatory, pro-apoptotic pheno-

type. Ultimately, Ang-2 causes the endothelium to transition

from a quiescent to a pro-inflammatory state through inhibition

of Ang-1-mediated signaling pathways as well as through

cross-talk with various pro-inflammatory cytokines.5-15

Various strategies have demonstrated the benefits of Ang-1-

and/or Ang-2-based therapies in critical illness. The Ang-1

treatment methods in animal models, such as adenoviral trans-

fer of Ang-1 and mesenchymal stem cells transfected with

Ang-1, have shown success in treating systemic inflammatory

diseases such as endotoxic shock,28 lipopolysaccharide (LPS)-

induced ALI,66 LPS-induced AKI,67 and others. Improved

hemodynamic parameters, organ function, survival, and a

decreased inflammatory response have also been achieved with

Ang-2 inhibiting or depleting strategies in different critical

illnesses.6,14,23,24,26

However, unlike the consistently increased admission Ang-

2 levels in various disease states, Ang-1 levels have not shown

consistent differences in comparison to control patients when

assessing the severity of critical illnesses.4 Ang-1 levels

showed no change in studies of atrial fibrillation,42 congestive

heart failure,39 acute coronary syndrome,40 exudative pleural

effusions,30 and acutely ill patients early after trauma.31 A

study of hypertension leading to end-organ damage showed

an increase in Ang-1,38 while another study of sepsis and septic

shock in children19 and many similar studies in

adults10,13,15,18,19,27 showed a decrease in Ang-1.

The results of our study were consistent with the existing

literature in that patients with sepsis had significantly higher

Ang-2 levels in comparison to normal healthy con-

trols.10,12,13,23,43 Regardless of sepsis and suspected DIC sever-

ity, all patients in our study had elevated Ang-2 levels on day 0,

day 4, and day 8 compared to normal controls. Higher DIC

scores were also associated with higher Ang-2 levels. Jesmin

and colleagues described a similar finding of elevated Ang-2

levels associated with a worse mortality outcome in SAC.43 A

possible mechanism driving the increased plasma levels of Ang-

2 in our patients is endothelial dysregulation leading to tissue

hypoxia and increased thrombin formation which causes tran-

scriptional upregulation and release of stored angiopoietin.44-46

Research into Ang-2 and other endothelial-regulating factors

may provide a promising future for sepsis and DIC workup, as

the endothelium is a highly dynamic, key organ system for

maintaining homeostasis in the face of inflammatory insults.

When comparing baseline, day 4, and day 8 median Ang-2

levels, a downward trend appeared over time. Baseline Ang-2

levels were higher when compared separately to Ang-2 levels

at day 4 and day 8, but day 4 and day 8 did not show signifi-

cantly different Ang-2 levels. Other studies have found a sim-

ilar downward trend in Ang-2 over time,43 with one study of

morbidity and mortality in sepsis finding that survivors at

twenty-eight days had significantly lower longitudinal Ang-2

levels compared to non-survivors.10 Clinicians could benefit

from knowing a patient’s Ang-2 level in comparison to the

normal level over the length of a hospital stay for two reasons.

First, clinical suspicion of critical illness could be assisted by

an admission Ang-2 level that is greater than a normal value.

Second, if the patient is being adequately treated with proper

standard of care, the clinician should expect the Ang-2 level to

decrease over time.

It is well established in existing literature that Ang-2 levels

predict illness severity and 28-day mortality outcome in sepsis,

and our findings are consistent with this as mentioned previ-

ously.10,12,13,23 However, there have not been any studies com-

paring Ang-2 and clinical illness severity scores in risk

stratifying patients with sepsis, sepsis þ overt DIC, or sepsis

þ non-overt DIC. As Tables 2 and 3 and Figure 5 show, median

Ang-2 levels, SOFA score, and MOD score at baseline showed

significant differences between the sepsis and sepsis þ overt

DIC groups. Additionally, Ang-2 showed significant differ-

ences between the sepsis þ non-overt and sepsis þ overt DIC

groups. Importantly, Figure 6 reports an AUC value of 0.8292

for Ang-2, which outperforms SOFA, MOD, and APACHE II

and III scores in predicting DIC severity in patients with sepsis

at baseline. Ang-2 and other markers of endothelial activation

show promise as novel tools for identifying patients with dif-

ferent severities of SAC that may otherwise be misdiagnosed

by clinical illness severity scores alone.

When sepsis is suspected, most current practices implement

a protocol in which blood is drawn for cultures and lactate

measurement. Lactate has been used to help evaluate severity

of disease and guide treatment, but it is a non-specific indicator

of organ hypoxia.68-70 An endothelial biomarker such as Ang-2

could be incorporated into sepsis protocols to serve as a point-

of-care marker of endothelial dysfunction. Ang-2, alone or in a

panel of other biomarkers relevant to SAC, may be used as an

indicator of sepsis and suspected DIC severity, negating the

need for clinical scores of illness severity. Current clinical

scores and ICU physicians’ prediction of survival have been

shown to be unsatisfactory.71,72 Sinuff and colleagues showed

that clinical prediction tools such as MOD and SOFA scores

were not superior to a medical ICU physician’s overall predic-

tion of survivors or non-survivors, especially in the first

twenty-four hours after admission.72 In fact, their conclusions

stated that physicians were better at predicting survival out-

comes on ICU admission compared to clinical prediction tools;

however, both physician assessment and clinical scores only

had moderate accuracy.72 Therefore, there is a need for an

objective laboratory measure that can improve survivor out-

come predictions. Survival probabilities can not only aid phy-

sicians in treatment, triage, and delegation of limited medical

resources in certain settings but could also give better answers

to families of patients with sepsis and provide them with more

accurate assessments of survival. Additionally, if physicians

are better able to predict the severity of critical illnesses such

as DIC, earlier, more aggressive interventions and treatments

may be initiated to increase survival rates.
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