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Endothelial Dysfunction Is Associated with
Mortality and Severity of Coagulopathy
in Patients with Sepsis and Disseminated
Intravascular Coagulation

Amanda Walborn, PhD1 , Matthew Rondina, MD2, Michael Mosier, MD3,
Jawed Fareed, PhD1 , and Debra Hoppensteadt, PhD1

Abstract
The role of the endothelium in sepsis-associated disseminated intravascular coagulation (DIC) is multifaceted and may contribute
substantially to disease severity and outcome. The purpose of this study was to quantify measures of endothelial function,
including markers of activation (endocan, Angiopoietin-2 [Ang-2], and von Willebrand Factor), endogenous anticoagulants (tissue
factor pathway inhibitor and protein C), and damage-associated factors (High Mobility Group Box 1 [HMGB-1]) in the plasma of
patients with sepsis and DIC, and to determine the relationship of these factors with severity of illness and outcome. Plasma
samples were collected from 103 adult patients with sepsis within 48 hours of intensive care unit admission. Biomarker levels
were measured using commercially available, standardized methods. Disseminated intravascular coagulation was diagnosed
according to the International Society of Thrombosis and Hemostasis scoring algorithm. Twenty-eight-day mortality was used as
the primary end point. In this study, endothelial damage and dysfunction were associated with the severity of coagulopathy and
mortality in DIC patients. Loss of the endogenous anticoagulant protein C and elevation in the vascular regulator Ang-2 were
associated with the development of overt DIC. In addition to Ang-2 and protein C, endocan, a biomarker of endothelial activation,
and HMGB-1, a mediator of endothelial damage and activation, were significantly associated with mortality. This underscores the
contribution of the endothelium to the pathogenesis of sepsis-associated DIC.
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Introduction

Vascular endothelial cells are in constant contact with the

blood and are critical contributors to the pathogenesis of all

thromboembolic diseases. In sepsis, both the underlying infec-

tion and the overwhelming host response to this infection result

in activation, damage, or functional changes to the endothe-

lium. This may contribute to the development of disseminated

intravascular coagulation (DIC).

Under physiological conditions, the endothelium prevents

inappropriate coagulation. Endothelial cells express or secrete

an assortment of endogenous anticoagulants, including tissue

factor pathway inhibitor (TFPI), protein C, thrombomodulin,

and antithrombin (AT). These molecules act at specific sites

along the coagulation cascade to inhibit coagulation. However,

the endogenous anticoagulant system is dramatically disrupted

in DIC and is a current focus of research for both biomarkers

and therapeutic targets. This disruption may occur due to con-

sumption, vascular leakage, or downregulation due to elevated

levels of inflammatory cytokines or other factors, such as
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histones. Increased levels of TFPI may be protective in DIC,1

although administration of endogenous TFPI has not been

shown to increase survival.2 Protein C is an endogenous antic-

oagulant that is of interest in DIC both as a biomarker and as a

therapeutic target. Protein C is reduced in DIC, and this reduc-

tion is associated with poor outcome.

During sepsis, endothelial cells may also develop procoagu-

lant properties in addition to the loss of anticoagulant function.

This is typically described in terms of increased expression of

tissue factor (TF) in response to high levels of inflammatory

mediators. Activation of the endothelium due to high levels of

inflammatory cytokines such as tumor necrosis factor a
(TNFa), interleukin 1b (IL-1b), and interferon g (IFNg) may

be detectable through elevated levels of other biomarkers such

as endocan.

In addition to the inflammatory cytokines, more novel med-

iators may also contribute to endothelial damage or activation

in sepsis or DIC. Factors typically restricted to the cell nucleus,

including the chromatin-associated protein High Mobility

Group Box 1 (HMGB-1) circulate at elevated levels in the

blood of patients with sepsis. The HMGB-1 in sepsis may be

released from endothelial cells3 as well as immune cells. The

HMGB-1, as well as other nuclear components such as his-

tones,4-8 induce significant endothelial dysfunction or an

endothelial procoagulant state. Therefore, measurement of

these factors may provide insight into endothelial function in

this disease state and may provide a link between infection and

the development of coagulation dysfunction.

In addition to its role in the development of DIC, the

endothelium may also be important in sepsis due to its contri-

butions to vascular leakage. Vascular leakage can be induced

by inflammatory factors such as IL-2, vascular endothelial

growth factor (VEGF), and monocyte chemoattractant protein

1 (MCP-1).9 In addition to contributing to hypotension and

shock in patients with sepsis, increased vascular leakage may

also contribute to the development of coagulopathy by permit-

ting the loss of endogenous anticoagulants, particularly AT.

Angiopoietin 2 (Ang-2) may contribute to the vascular leakage

observed in sepsis by antagonizing Ang-1 at the Tie2 receptor

and promoting intercellular gap formation.10,11

The purpose of this study was to measure biomarkers of

endothelial function, including the endogenous anticoagu-

lants TFPI and protein C as well as endocan, Ang-2, von

Willebrand factor (vWF), and the endothelial damaging pro-

tein HMGB-1 and ascertain their relationship to coagulopathy

and outcome in a cohort of patients with sepsis and well-

defined coagulation dysfunction.

Materials and Methods

Patient Samples

Plasma samples from 103 adult patients with sepsis and sus-

pected DIC were collected under an IRB-approved protocol as

described previously.12-14 Samples were collected from adult

patients in the intensive care unit (ICU) within 48 hours of ICU

admission, and all patients enrolled in the study (or a legally

authorized representative) provided informed consent.

In order to qualify for enrollment in this study, patients were

required to meet the criteria for systemic inflammatory

response syndrome (SIRS) and have an identified or suspected

focus of infection. The SIRS was defined as the presence of

2 or more of the following: (1) temperature <36�C or >38�C,

(2) heart rate >90 beats/min, (3) respiratory rate >20 beats/min

or PaCO2< 32 mm Hg, (4) white blood cell count � 12 000 or

� 4000 cells/mm3 or > 10% bands. Patients were excluded

from the study if they had received a blood transfusion within

the past 4 months, platelet transfusion within the past 14 days,

or platelet count of less than 20 K/ml. Patients were also

excluded from this study if they had a pre-existing disorder

affecting platelet number or function, including idiopathic

thrombocytopenic purpura, thrombotic thrombocytopenic pur-

pura, hemolytic uremic syndrome, end-stage liver disease,

myeloproliferative disorders, multiple myeloma, Walden-

strom’s macroglobulinemia, end-stage renal disease requiring

hemodialysis, or inherited platelet disorders, such as Bernard-

Soulier syndrome, gray platelet syndrome, May-Hegglin

anomaly, Wiskott-Aldrich syndrome, Glanzmann thrombasthe-

nia, Chediak-Higashi syndrome, Hermansky-Pudlak syndrome,

or thrombocytopenia-absent radius syndrome.

Blood was collected into 3.2% sodium citrate and centri-

fuged to prepare platelet poor plasma. Plasma was collected,

aliquoted, and stored at �80�C prior to analysis.

Plasma from 50 apparently healthy volunteers was pur-

chased from George King Biomedical (Overland, KS). These

samples were collected from 25 male and 25 female volunteers,

ages 19 to 54 years, with a mean age of 32 years. All volunteers

were non-smokers, non-medicated, and of geographically

diverse origins.

Clotting Assays: PT and Fibrinogen

Prothrombin time/Inetrnational Normalized Ratio (PT/INR)

and fibrinogen, required for computation of the DIC score,

were measured using standard operating procedures on an

ACL-ELITE automated coagulation analyzer (Instrumentation

Laboratory, Bedford, Massachusetts). This instrument uses an

optical method to detect clot formation in a plasma sample.

Recombiplastin (Instrumentation Laboratory) was used as the

PT reagent.

Biomarker Levels

Commercially available enzyme-linked immunosorbent

assays (ELISAs) were performed according to the manufactur-

er’s instructions. The biomarkers measured and assays used

were as follows: D-Dimer and vWF (Hyphen BioMed,

Neuville-Sur-Oise, France), PAI-1 and TFPI (Stago Assera-

chrom, Asnieres-Sur-Seine, France), Ang-2 (R&D Systems,

Minneapolis, Minnesota), Endocan (Lunginnov (Lille, France),

and HMGB-1 (LifeSpan BioSciences, Seattle, Washington).
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Functional levels of protein C were measured using a clot-

based assay performed using an ST4 coagulation analyzer

(STACLOT; Diagnostica Stago, Parsippany, New Jersey).

Patient and control plasmas were diluted 1:10 in Owren Koller

Buffer. 50 ml of diluted sample, 50 ml of protein C deficient

plasma (Diagnostica Stago), and 50 ml of protein C activator

(Diagnostica Stago) were incubated in a sample cuvette with a

metal mixing ball for 180 seconds at 37�C. Then 50ml of 0.2 M

CaCl2 was added to each sample, initiating the clotting reac-

tion. Time to clot formation was recorded as the time at which

the metal ball stopped moving.

Protein C level, measured as percent of normal value, was

calculated from the time to clot for each sample based on a

standard curve. The standard curve consisted of dilutions of

normal human pooled plasma at 100%, 75%, 50%, 25%,

12.5%, and 0%, diluted 1:10 in Owren Koller buffer. Clotting

time had an inverse relationship with Protein C activity level.

Disseminated Intravascular Coagulation Score

The DIC score was computed for all patients using the Inter-

national Society of Thrombosis and Hemostasis (ISTH) scor-

ing algorithm, which assigns points on the basis of platelet

count, INR, D-dimer, and fibrinogen and assigns a DIC score

to each patient. Patients with a score of 0 to 2 were classified

as no DIC, patients with a score of 3 to 4 were classified as

non-overt DIC, and patients with a score of�5 were classified

as overt DIC. The cutoff values for each parameter are pre-

sented in Table 1.

Statistical Analysis

Data are presented as mean (standard deviation [SD]) or mean

+ standard error of the mean (SEM) as specified. P < .05 was

used as the cutoff for statistical significance, and computed P

values are present throughout this document. Results were

tabulated and stored using Microsoft Excel (Microsoft Corpo-

ration, Redmond, WA). Statistical analysis was performed and

graphs were generated using GraphPad Prism (GraphPad Inc.,

La Jolla, California).

Biomarker levels in patient populations are presented as

mean + SEM. Nonparametric statistical tests were used

throughout as these tests are more appropriate for analysis of

data sets with high variability than traditional parametric tests.

Differences in biomarker levels between the 2 patient groups

(ie, survivors and nonsurvivors) were analyzed using the

Mann-Whitney test. Predictive values were analyzed using

receiver operating characteristic (ROC) curve analysis, with

the main output for this being the area under the curve (AUC).

Results

Patient Cohort Baseline Characteristics

Plasma samples were collected from 103 adult ICU patients

with sepsis as described previously in the Materials and Meth-

ods section.12-14 Patient cohort baseline characteristics, includ-

ing disease severity and outcome information, are presented in

Table 2. The demographics of this cohort are within the range

typical for patients with sepsis in the literature. This includes

the age distribution (57 [18.5] years) and the gender balance

(46.6% male). The healthy control group was 50% male and

had a mean age of 32 years.

The primary outcome measure in this patient cohort was 28-

day mortality. This cohort was comprised of 88 survivors and

15 nonsurvivors, resulting in an overall 28-day mortality rate of

14.6%. Severity of illness was further described by the require-

ment for vasopressors as well as the Sepsis-related Organ Fail-

ure Assessment (SOFA) and Acute Physiology, Age, Chronic

Health Evaluation II (APACHE-II) scores, all computed at the

time of acquisition of the first sample. The severity of disease,

quantified by mortality as well as through clinical scoring sys-

tems such as SOFA and APACHE II are highly variable based

on factors such as study inclusion criteria, standard of care, and

variability between institutions and services. The overall

Table 1. ISTH Scoring System for DIC.

Variables Values 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; ISTH, International
Society of Thrombosis and Hemostasis.

Table 2. Patient Cohort Baseline Characteristics.

Characteristics

All Patients,
(n ¼ 103),
Mean (SD)

Survivors,
(n ¼ 88),

Mean (SD)

Nonsurvivors,
(n ¼ 15),

Mean (SD)

Age (years) 57.1 (18.6) 55.6 (18.1) 65.4 (19.2)
BMI 31.2 (0.89) 30.9 (9.6) 31.2 (7.6)
Gender N (%)

Male 48 (46.6%) 41 (46.6%) 7 (46.7%)
Female 55 (53.4%) 47 (56.4%) 8 (53.3%)

Outcome N (%)
28-day mortality 15 (14.6%) 0 (0%) 15 (100%)
Vasopressor use 46 (44.7%) 34 (38.9%) 11 (73.3%)
Ventilator use 48 (46.6%) 43 (48.9%) 5 (33.3%)

Clinical Disease Severity
Score

Mean (SD)

SOFA Score (day 0) 5.9 (3.7) 5.4 (3.6) 8.5 (3.3)
APACHE II Score 17.4 (7.3) 16.4 (6.9) 23.1 (6.7)
ISTH DIC Score 3.6 (1.3) 3.5 (1.3) 4.1 (1.4)

Abbreviations: BMI, body mass index; DIC, disseminated intravascular coagula-
tion; ISTH, International Society of Thrombosis and Hemostasis.
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28-day mortality of patients included in this cohort, 14.6%, is

relatively low, as mortality in sepsis is often estimated at

greater than 20%. However, many studies reporting high mor-

tality are designed to enroll only patients with severe sepsis or

septic shock, both of which are associated with increased mor-

tality. Numerous studies enrolling patients with sepsis have

reported mortality of <20%. Similarly, the SOFA and

APACHE II scores were at the low end of the range typically

reported for cohorts of patients with sepsis. Many studies enrol-

ling patients with sepsis report mean SOFA scores between 6

and 9 and mean APACHE II scores between 18 and 25. In this

cohort, the SOFA score was 5.9 (3.7) and the APACHE II score

was 17.4 (7.3).

As presented in Table 3, markers of endothelial function

showed minimal associations with organ failure or disease

severity. Statistically significant but weak correlation was

observed between SOFA score and protein C (P ¼ .024,

R ¼ �0.22). APACHE II score showed no significant correla-

tion with any endothelial biomarker.

Minimal associations were observed between the endothe-

lial markers and the presence of shock or ventilator use.

Angiopoietin-2 was significantly elevated in patients requiring

vasopressor support. High Mobility Group Box 1 and vWF

were significantly elevated in patients requiring mechanical

ventilation. This low degree of association between endothelial

markers and disease severity is somewhat surprising, as previ-

ous studies have demonstrated associations between endothe-

lial damage and organ failure.

Disseminated Intravascular Coagulation Score
Distribution and Association with Endothelial Dysfunction

Disseminated intravascular coagulation was diagnosed using

the ISTH scoring algorithm for overt DIC.15 This algorithm

assigns points based on reduced platelet count, elevated INR,

elevated D-dimer, and reduced fibrinogen. Using this scoring

system in patients with a predisposing condition such as sepsis,

a score of 0 to 2 indicates no DIC, a score of 3 to 4 indicates

non-overt DIC, and a score of �5 indicates overt DIC. Of the

103 patients, 20 had sepsis without DIC, 59 had sepsis and non-

overt DIC, and 24 had sepsis and overt DIC. Overt DIC

describes a scenario of severe, decompensated coagulopathy

with marked perturbations to multiple aspects of the hemostatic

system. Non-overt DIC represents a heterogeneous phenotype,

with a variable degree and manifestation of coagulopathy.

Patients in the no DIC category were still severely ill with

sepsis; however, these patients did not have significant coagu-

lation dysfunction. Differences in biomarker levels between the

3 groups and from the healthy control cohort were assessed

using the Kruskal-Wallis analysis of variance with Dunn mul-

tiple comparison test and P < .05 as the cutoff for significance.

Markers were measured in 50 healthy individuals as well as in

samples from 20 patients with no DIC, 59 patients with non-

overt DIC, and 24 patients with overt DIC.

Significant variation of levels of endothelial biomarkers

based on DIC score was observed, as shown in Figure 1 and

Table 4.

Protein C is known to be implicated in the pathogenesis of

sepsis-associated DIC, and decreased levels are generally asso-

ciated with poor outcome. In this cohort, protein C was

decreased in patients with sepsis compared to healthy controls

regardless of coagulation status (Figure 1A). Additionally, pro-

tein C showed a significant decrease in patients with overt DIC

compared to patients with sepsis and no DIC. This corroborates

prior research regarding Protein C in sepsis-associated coagu-

lopathy. Depletion of this endogenous anticoagulant contri-

butes to the development of coagulopathy in patients with

sepsis, and this pathway is a major therapeutic target. In con-

trast, another endogenous anticoagulant, TFPI, showed no

significant variation based on DIC status, although it was

elevated in patients with sepsis compared to healthy controls

regardless of DIC score (Figure 1B). The TFPI release is

induced by heparin therapy. All patients enrolled in this study

received prophylactic doses of unfractionated heparin (UFH);

no additional UFH or low molecular weight heparin (LMWH)

use was reported; therefore, this treatment does not represent

a confounding factor for TFPI levels in this cohort.

Angiopoietin-2 also varied significantly based on DIC sta-

tus, with significant elevation in patients with overt DIC com-

pared to those with sepsis and no DIC as well as significant

elevations in all patient groups compared to healthy controls

(Figure 1C). High Mobility Group Box 1 (Figure 1D), endocan

(Figure 1E), and vWF (Figure 1F) were elevated in patients

with sepsis compared to controls regardless of DIC status;

however, no variation was seen in patients with sepsis based

on DIC status.

Association of Endothelial Dysfunction with Mortality

The 28-day mortality in this patient cohort was 14.6%
(88 survivors and 15 nonsurvivors). Information on time to

mortality was not available. Differences in baseline biomarker

levels between survivors and nonsurvivors were evaluated

Table 3. Association of Endothelial Biomarkers with Severity of
Illness.a

Spearman Correlation
Coefficients

Mann-Whitney
Test P Value

APACHE II Score SOFA Score Ventilator Vasopressor

TFPI 0.10 0.00 .45 .55
Protein C �0.15 �0.22 .11 .25
HMGB-1 �0.08 �0.07 .05 .29
Endocan 0.19 �0.02 .63 .35
Ang-2 0.05 0.14 .22 <.0001
vWF �0.14 �0.12 .0006 .22

Abbreviations: Ang-2, Angiopoietin-2; HMGB-1, High Mobility Group Box 1;
TFPI, tissue factor pathway inhibitor; vWF, von Willebrand factor.
aFor APACHE II and SOFA scores, Spearman correlation coefficients are
shown. Significant correlations (P < .05) are in bold. For ventilator and vaso-
pressor use, Mann-Whitney Test P value is shown for comparison of biomarker
levels between patients receiving or not receiving ventilator or vasopressor
support.
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Figure 1. Baseline endothelial biomarker levels stratified by DIC score. Significance calculated between groups using the Kruskal-Wallis
ANOVA with Dunn’s multiple comparison test and P < .05 as the cutoff for significance (indicated by *). Data are shown as mean + SEM.
DIC, disseminated intravascular coagulation.

Table 4. Baseline Endothelial Biomarker Levels Stratified by DIC Score.

Biomarker Patient Group Mean Median SD SEM Range

TFPI, (ng/ml) Healthy controls (n ¼ 50) 61 59 19 2.7 24-106
No DIC (n ¼ 20) 95 81 58 13 32-285
Non-overt DIC (n ¼ 59) 104 94 69 8.9 4.8-423
Overt DIC (n ¼ 24) 110 89 90 18 11-407

Protein C, (%) Healthy controls (n ¼ 50) 98 94 18 2.5 71-142
No DIC (n ¼ 20) 80 71 62 14 0-309
Non-overt DIC (n ¼ 59) 59 51 40 5.3 2.5-309
Overt DIC (n ¼ 24) 48 41 52 11 2.7-277

HMGB-1, (ng/ml) Healthy controls (n ¼ 50) 1.4 0.13 4.9 0.69 0.04-23
No DIC (n ¼ 20) 5.6 4.8 3.5 0.77 2.5-18
Non-overt DIC (n ¼ 59) 9 5.1 15 1.9 0.18-87
Overt DIC (n ¼ 24) 12 7.5 14 2.8 3.3-66

Endocan, (ng/ml) Healthy controls (n ¼ 50) 1.9 0.85 4.5 0.63 0.17-25
No DIC (n ¼ 20) 7 5.1 6.4 1.4 1.4-24
Non-overt DIC (n ¼ 59) 9.8 7.4 7.3 0.95 2-34
Overt DIC (n ¼ 24) 14 6.5 14 3 1.9-60

Ang-2, (pg/ml) Healthy controls (n ¼ 50) 1869 1566 1070 151 503-5538
No DIC (n ¼ 20) 8343 5754 11 187 2501 961-53 612
Non-overt DIC (n ¼ 59) 11 736 8274 10 563 1387 650-44 167
Overt DIC (n ¼ 24) 29 440 17 618 30 732 6273 1816-136 317

vWF, (%) Healthy controls (n ¼ 50) 93 93 19 2.7 59-131
No DIC (n ¼ 20) 205 183 63 14 107-349
Non-overt DIC (n ¼ 59) 260 271 69 9 111-370
Overt DIC (n ¼ 24) 247 251 73 15 122-379

Abbreviations: Ang-2, Angiopoietin-2; DIC, disseminated intravascular coagulation; HMGB-1, High Mobility Group Box 1; TFPI, tissue factor pathway inhibitor;
vWF, von Willebrand factor.
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using the Mann-Whitney t test with P < .05 as the cutoff for

significance. The predictive power of each biomarker for mor-

tality was evaluated using ROC curve analysis; the AUC is

reported as the quantification of this analysis.

As shown in Figure 2, significant association was seen

between markers of endothelial function and mortality. In

contrast to almost all other evaluated markers, protein C

showed a significant reduction in nonsurvivors compared to

survivors (Figure 2A; P ¼ .0093, AUC ¼ 0.71). Both endocan

(Figure 2B; P ¼ .025, AUC ¼ 0.58) and Ang-2 (Figure 2C;

P ¼ .001, AUC ¼ 0.76) were significantly elevated in nonsur-

vivors compared to survivors. High Mobility Group Box 1 was

also significantly elevated in nonsurvivors compared to survivors

(Figure 2D; P¼ .031, AUC¼ 0.67). High Mobility Group Box 1

may be a direct mechanistic link between infection response

and the physiological dysfunction that ultimately results in death.

The TFPI (Figure 2E; AUC¼ 0.55) and vWF (Figure 2F; AUC¼
0.58) showed no significant variation based on survival.

Discussion

This study examined the relationship of biomarkers of

endothelial function with severity of illness, mortality, and

the severity of DIC in a cohort of patients with sepsis and

well-defined coagulopathy.

The patient cohort used in this study is composed of patients

with sepsis and DIC defined according to well-established cri-

teria. While the overall severity of illness, as defined by 28-day

mortality, SOFA score and APACHE-II score was relatively

mild, patients were well distributed in terms of severity of DIC.

Using the ISTH criteria, 19.4% of patients were diagnosed with

no DIC, 57.3% with non-overt DIC, and 23.3% with overt DIC.

This distribution of DIC scores enables analysis of the associ-

ation of biomarker levels with the severity of coagulopathy.

Disseminated intravascular coagulation was strictly

defined and patients were subdivided into 3 groups based on

DIC score. Many studies categorize patients as either overt

DIC (ISTH score �5) or no DIC (ISTH score <5). In these

studies, non-overt DIC (ISTH score 3-4) is not treated as an

independent category. This results in a highly heterogeneous

patient population in the no DIC category, resulting in

reduced ability to identify factors associated with the devel-

opment of severe coagulation dysfunction. Separation of

patients with non-overt DIC from those who do not demon-

strate coagulation dysfunction (ISTH score �2), as was per-

formed in this study, is required for improved understanding

of factors involved in the development of coagulation dys-

function. Furthermore, post hoc analysis of clinical trials has

demonstrated that patients with overt DIC may respond dif-

ferently to treatments than patients with less-severe manifes-

tations of coagulopathy.16,17 In this study, 57.3% of patients

had non-overt DIC at baseline.

The demographics of this cohort are within the range typical

for patients with sepsis in the literature. This includes the age

distribution (57 [18.5] years) and the gender balance (46.6%
male). The racial and ethnic composition of this cohort is rea-

sonable for the region in which the samples were collected. The

highest prevalence comorbidities in this cohort included hyper-

tension (45.6%), diabetes mellitus (25.2%), and cardiovascular

Figure 2. Association of baseline endothelial biomarker levels with survival. Significance calculated between groups using the Mann-Whitney
test with P < .05 as the cutoff for significance (indicated by *). Data are shown as mean + SEM.

6 Clinical and Applied Thrombosis/Hemostasis



disease (21.4%), all of which are common medical conditions.

History of recent surgery was also highly prevalent in this

cohort (22.3%). This is reasonable, as sepsis often develops

as a complication of surgery.

The severity of disease, quantified by mortality as well as

through clinical scoring systems such as SOFA and APACHE

II are highly variable based on factors such as study inclusion

criteria, standard of care, and variability between institutions

and services. The overall 28-day mortality of patients

included in this cohort, 14.6%, is relatively low, as mortality

in sepsis is often estimated at greater than 20%. However,

many studies reporting high mortality are designed to enroll

only patients with severe sepsis or septic shock, both of which

are associated with increased mortality. Numerous studies

enrolling patients with sepsis have reported mortality of

<20%. Similarly, the SOFA and APACHE II scores were at

the low end of the range typically reported for cohorts of

patients with sepsis. Many studies enrolling patients with

sepsis report mean SOFA scores between 6 and 9 and mean

APACHE II scores between 18 and 25. In this cohort, the

SOFA score was 5.9 (3.7) and the APACHE II score was

17.4 (7.3). In this study, the associations of endothelial bio-

markers with organ failure were relatively weak, and associ-

ation with ventilator or vasopressor use was minimal.

Endothelial dysfunction demonstrated significant association

with the development of DIC and with mortality. This is logical

from a pathophysiological perspective, as endothelial damage is

cited in Virchow’s Triad as one of the main requirements for

thrombosis. The variation of protein C based on DIC score is

expected as the role of this endogenous anticoagulant in the

pathophysiology of DIC is well accepted. Protein C was notable

in this study as the only biomarker to maintain an association

with DIC status throughout the course of hospitalization.

Angiopoietin-2 also demonstrated a significant association

with DIC, with elevation in overt DIC patients compared to

sepsis and no DIC. Angiopoietin-2 has not previously been

strongly associated with coagulopathy in patients with sepsis,

although an association of Ang-2 with coagulopathy in trauma

patients has been noted.18 Angiopoietin-2 has been more

strongly tied to regulation of endothelial barrier function10,11

and the development of respiratory dysfunction in critically ill

patients.10,11,19,20 Angiopoietin-2 acts as an antagonist to

Ang-1 at the Tie2 receptor on the endothelial cell surface.

While Ang-1 promotes vascular stability and preserves cell–

cell contacts, Ang-2 acts in opposition to these effects. In addi-

tion to Ang-2, Ang-1 and the Ang-Tie system may represent a

new avenue of study in sepsis-associated DIC. Surprisingly,

Ang-2 demonstrated the highest predictive value for mortality

of the measured endothelial markers, superior to protein C

(AUC ¼ 0.71). Angiopoietin-2 is predominately involved in

the maintenance of endothelial cell barrier function. Increased

Ang-2 is associated with increased intracellular gap formation.

Patients with sepsis already suffer from hypotension, shock,

and impaired perfusion; increased loss of fluid into the intra-

vascular space further impairs perfusion and increases mortal-

ity. Elevated Ang-2 has been implicated in the development of

respiratory dysfunction, another contributor to mortality. The

mechanisms by which Ang-2 may contribute to hemostatic

dysfunction remain unclear. This suggests Ang-2 and the

Ang-Tie system is a new avenue for investigation in the mole-

cular pathophysiology of sepsis and DIC. High Mobility Group

Box 1 was significantly elevated in nonsurvivors compared to

survivors. High Mobility Group Box 1 may contribute to both

thrombosis and inflammation21,22 and is a potential therapeutic

target in DIC.23,24 Endocan, was also elevated in nonsurvivors

compared to survivors, underscoring the importance of

endothelial function to this disease.

Protein C was significantly reduced in nonsurvivors com-

pared to survivors. Protein C is the most studied endothelial

factor in sepsis-associated DIC, and reductions in protein C

levels have previously been associated with poor outcome in

patients with sepsis and DIC,25-30 and this pathway has been

pursued as a therapeutic target. Protein C functions as an

endogenous anticoagulant as well as performing other anti-

inflammatory functions, including the destruction of extracel-

lular histones. Protein C depletion leads to the loss of these

antithrombotic and cytoprotective functions, resulting in

increased severity of coagulopathy and increased mortality.

Protein C is activated by the thrombin–thrombomodulin com-

plex. Thrombomodulin is expressed on endothelial cells in both

bound and plasmatic forms. It binds to thrombin and the throm-

bin–thrombomodulin complex accelerates the activation of

protein C. Increased thrombomodulin levels have also been

shown to be associated with endothelial cell injury. Although

TFPI did not show significant variation based on mortality, the

increased level of TFPI in patients with sepsis and DIC com-

pared to healthy controls further emphasizes the role of endo-

genous anticoagulants in this disease process. Measurement of

functional TFPI levels in addition to protein levels may provide

further insight into the role of TFPI in sepsis-associated DIC.

In conclusion, this study underscores the importance of

endothelial function to the pathophysiology of sepsis-

associated DIC and to outcome in patients with sepsis. Several

aspects of endothelial function were significantly associated

with DIC severity or outcome, including endogenous anticoa-

gulants, represented by protein C; mediators of endothelial

damage, represented by HMGB-1; and regulators of vascular

function and permeability, represented by Ang-2. Therefore,

endothelial function should be evaluated in future studies

regarding both the diagnosis and treatment of sepsis and DIC.
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