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Abstract
Introduction: Patients with severe sepsis often present with concurrent coagulopathy, microcirculatory failure and
evidence of vascular endothelial activation and damage. Given the critical role of the endothelium in balancing
hemostasis, we investigated single-point associations between whole blood coagulopathy by thrombelastography
(TEG) and plasma/serum markers of endothelial activation and damage in patients with severe sepsis.
Methods: A post-hoc multicenter prospective observational study in a subgroup of 184 patients from the Scandinavian
Starch for Severe Sepsis/Septic Shock (6S) Trial. Study patients were admitted to two Danish intensive care units.
Inclusion criteria were severe sepsis, pre-intervention whole blood TEG measurement and a plasma/serum research
sample available from baseline (pre-intervention) for analysis of endothelial-derived biomarkers. Endothelial-derived
biomarkers were measured in plasma/serum by enzyme-linked immunosorbent assay (syndecan-1, thrombomodulin,
protein C (PC), tissue-type plasminogen activator and plasminogen activator inhibitor-1). Pre-intervention TEG,
functional fibrinogen (FF) and laboratory and clinical data, including mortality, were retrieved from the trial database.
Results: Most patients presented with septic shock (86%) and pulmonary (60%) or abdominal (30%) focus of infection.
The median (IQR) age was 67 years (59 to 75), and 55% were males. The median SOFA and SAPS II scores were 8
(6 to 10) and 56 (41 to 68), respectively, with 7-, 28- and 90-day mortality rates being 21%, 39% and 53%, respectively.
Pre-intervention (before treatment with different fluids), TEG reaction (R)-time, angle and maximum amplitude (MA) and
FF MA all correlated with syndecan-1, thrombomodulin and PC levels. By multivariate linear regression analyses, higher
syndecan-1 and lower PC were independently associated with TEG and FF hypocoagulability at the same time-point: 100
ng/ml higher syndecan-1 predicted 0.64 minutes higher R-time (SE 0.25), 1.78 mm lower TEG MA (SE 0.87) and 0.84 mm
lower FF MA (SE 0.42; all P <0.05), and 10% lower protein C predicted 1.24 mm lower TEG MA (SE 0.31).
Conclusions: In our cohort of patients with severe sepsis, higher circulating levels of biomarkers of mainly endothelial
damage were independently associated with hypocoagulability assessed by TEG and FF. Endothelial damage is intimately
linked to coagulopathy in severe sepsis.
Trial registration: Clinicaltrials.gov number: NCT00962156. Registered 13 July 2009.
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Introduction
Sepsis coagulopathy evolves from initial activation of coagulation and fibrinolysis followed by late fibrinolytic shutdown
and exhaustion of the natural anticoagulant systems [1], the
latter mainly due to progressive endothelial disruption and
damage [2-6]. Though patients with severe sepsis display
evidence of varying degrees of coagulopathy with low or
declining platelet count, low coagulation factor and fibrinogen levels and high or increasing D-dimer level, these conventional coagulation parameters do not reveal functional
whole blood hemostasis, including changes in fibrinolysis
and platelet (dys)function [2,6-10]. In contrast, viscoelastic
hemostatic whole blood tests like thrombelastography (TEG®,
Hemoscope-Hemonetics, Niles, IL, US) and rotation thromboelastometry (ROTEM®, TEM Inc., Durham, NC, US) [11]
display functional hemostasis in whole blood, including
fibrinolysis and platelet function, and multiple studies have
characterized sepsis coagulopathy by these tests [12-22]. The
endothelium plays a key role in balancing hemostasis [23-27],
and there is emerging evidence that endothelial activation
and damage are critical drivers of coagulopathy in acute critical illness, including severe sepsis [5,23-37].
Given that severe sepsis is associated with concurrent coagulopathy and endothelial disruption and damage, the aim
of the present study was to investigate the association between coagulopathy, evaluated by whole blood TEG, and
endothelial activation and/or damage in patients with severe sepsis. We hypothesized that high levels of biomarkers
reflecting endothelial activation and/or damage would be
independently linked to concurrent whole blood TEG
hypocoagulability. In brief, the study confirmed our hypothesis by demonstrating that single time-point measurements
of plasma markers of endothelial damage and, to a lesser
degree, endothelial activation, were independently associated with concurrent whole blood hypocoagulability by
TEG in patients with severe sepsis and septic shock. Clinically, endothelial protective interventions would be expected
to attenuate the sepsis-induced hypocoagulability.
Methods
Study patients

The present study is a sub-study of The Scandinavian
Starch for Severe Sepsis and Septic Shock (6S) trial [38],
restricted to patients enrolled from March 2010 to
November 2011 in two intensive care units (ICUs) at university hospitals in Denmark (Rigshospitalet, Bispebjerg
Hospital). It was approved as a protocol amendment to
the 6S trial by the Ethics Committee of the Capital Region
of Denmark and the Danish Medicines Agency (Clinicaltrials.gov identifier: NCT00962156). Informed consent
was obtained from all participants or their legal substitute
prior to enrolment. The manuscript was prepared according to the Strengthening the Reporting of Observational
studies in Epidemiology (STROBE) statement [39].
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The 6S trial was a multicenter, blinded clinical trial in
which ICU patients with severe sepsis were randomized to
fluid resuscitation with either 6% hydroxyethyl starch (HES)
130/0.42 in Ringer’s acetate (Tetraspan 6%, B Braun,
Melsungen, Germany) or Ringer’s acetate (Sterofundin ISO,
B Braun, Melsungen, Germany). Eligible patients fulfilled
the criteria for severe sepsis and needed fluid resuscitation
as judged by the treating clinician. Exclusion criteria
included renal replacement therapy (RRT), intracranial
bleeding or infusion of over 1,000 ml of synthetic colloids
at hospital admission, withdrawal and unobtainable consent [38].
Among the 798 patients in the intention-to-treat population [38], 226 patients were randomized at two ICUs that
collected and stored research blood samples as part of the
protocol after initiation of the present study (Rigshospitalet
and Bispebjerg Hospital). Eligible patients were patients
from these two ICUs who had concurrent pre-intervention
(baseline) thrombelastography (TEG) measurement and
endothelial biomarker measurements from baseline (data
on both syndecan-1 and thrombomodulin as a minimum
requirement), leaving 184 patients for analysis. Demography, disease severity and mortality were comparable between the excluded and included patients (data not shown).
Previously published data from the study include the
primary results [38], as well as post-hoc analyses of the association between vasopressor therapy and endothelial
damage in a subgroup of 67 patients randomized at two
university hospitals in Denmark [40]. A further analysis of
the association between consecutive TEG tracings and
clinical outcome in a subgroup of 260 patients randomized at four university hospitals in Denmark has also been
previously published [21].
Collection of clinical data

The following data were retrieved from the 6S trial database:
baseline patient demographics, co-morbidities, source of
sepsis (some patients had more than one source of infection), organ failures, disease severity scores (Simplified Acute
Physiology Score (SAPS) II and Sepsis-related Organ Failure
Assessment (SOFA) score without the cerebral component),
physiology and biochemistry, treatment with anti- and procoagulant drugs, fluid balances, transfusion with blood products, and use of renal replacement therapy (RRT) and
mechanical ventilation. Follow-up data included date of discharge from the ICU and date of death censored at one
year.
Routine biochemistry and hematology

Routine biochemistry variables were analyzed in a DS/EN
ISO 15189 standardized laboratory (hemoglobin, white
blood cell and platelet counts, creatinine, blood urea nitrogen (BUN), bilirubin, sodium and potassium), including
measurements of factor II-VII-X (FII-VII-X, Owren type
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PT, reported as coagulation activity in percentage [41]),
plasma fibrinogen (p-fibrinogen) and D-dimer (ACL TOP).
Arterial blood gasses (ABG) and lactate were analyzed by
an ABL 725 (Radiometer, Copenhagen, Denmark).
Thrombelastography and functional fibrinogen

Standard TEG (kaolin citrated TEG) and functional fibrinogen (tissue factor citrated FF) were performed at
time of inclusion (pre-randomization) in 3.2% citrated
whole blood using a TEG® 5000 Hemostasis Analyzer
System (Haemonetics Corp., MA, US). At both hospitals,
TEG and FF analyses were performed at the blood bank,
according to the manufacturer’s recommendations.
The TEG variables recorded were (normal range reported
by Haemonetics Corp.): reaction time (R (3 to 9 minutes),
rate of initial fibrin formation), angle (α (55 to 78 degrees),
clot growth kinetics, reflecting clot growth and the thrombin
burst), TEG maximum amplitude (TEG MA (51 to 69 mm),
reflecting maximum clot strength) and lysis after 30 minutes
(Ly30 (0 to 8%), proportional reduction in the amplitude 30
minutes after MA, reflecting fibrinolysis) [11]. The FF analysis included a platelet glycoprotein IIb/IIIa receptor inhibitor. FF was performed to investigate the contribution from
fibrinogen to TEG MA (FF MA 14 to 27 mm).
The results of the TEG analyses were not made available
for the treating clinicians, but TEG analyses were routinely
used in the treatment of bleeding patients in the participating ICUs. Consequently, non-study TEG analyses and
interventions with plasma, platelets and hemostatic agents
based on non-study TEG results may have occurred in
some patients. The day-to-day coefficient of variation percentage of TEG MA is less than 7% in our laboratory [42].
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Statistics

Statistical analysis was performed using SAS 9.1.3 SP4
(SAS Institute Inc., Cary, NC, US).Simple correlations
were investigated by Pearson correlations, with results displayed as Pearson’s r, Pearson’s r2 (r2) and P values. To
investigate the independent association between endothelial activation and damage (syndecan-1, thrombomodulin,
protein C, tPA and PAI-1) and coagulopathy evaluated by
TEG whole blood hemostasis (R-time, angle, TEG MA
and FF MA), univariate and backwards multivariate linear
regression analysis were performed, including variables
that were either found to correlate with or expected to influence TEG variables: SOFA score (encompasses assessment of the ratio of partial pressure arterial oxygen and
fraction of inspired oxygen (PaO2/FiO2), mean arterial
blood pressure (MAP)/vasopressor requirement, bilirubin,
platelet count and creatinine), D-dimer, Owren type PT,
p-fibrinogen and crystalloid administration (the previous
24 hours before blood sampling). Individual backwards
multivariate linear regression models, including only univariate significant variables, were applied for each investigated biomarker (syndecan-1, thrombomodulin and protein
C). Results are presented as regression coefficients (β) with
95% confidence intervals (CI) and t and P values. The association between syndecan-1 quartile and TEG and FF variables were investigated by univariate linear regression
analysis, with syndecan-1 quartile as the explanatory variable, with results displayed as regression coefficients (β) with
95% CIs and P values. The association between syndecan-1
quartile and presence of fibrinolysis (Ly30 > 0%, yes or no)
was investigated by the Cochran-Armitage Trend Test, with
results displayed as P values. Descriptive data are presented
as medians with interquartile ranges (IQR) or as n (proportions). P values <0.05 were considered to be significant.

Enzyme-linked immunosorbent assay

Soluble endothelial-derived biomarkers were measured
by commercially available immunoassays in serum/
plasma, sampled pre-intervention (baseline), according to
the manufactures recommendations: syndecan-1 (Diaclone
SAS, Besancon, France; lower limit of detection (LLD) 4.94
ng/ml) and soluble thrombomodulin (sTM, Nordic Biosite,
Copenhagen, Denmark; LLD 0.31 ng/ml), both in serum;
protein C (PC, Helena Laboratories, Beaumont, TX, US;
relative quantification); tissue-type plasminogen activator
(tPA, Americal Diagnostics (ADI), detects single-chain (sc)tissue type plasminogen activator (tPA), two-chain (tc)-tPA
and tPA/PAI-1 complexes; LLD 1 ng/ml) and plasminogen
activator inhibitor-1 (PAI-1, Assaypro; LLD 0.07 ng/ml), all
in citrated plasma. The biomarkers measured were selected
to reflect distinct aspects of endothelial activation and
damage: glycocalyx damage (syndecan-1 [43]), endothelial
cell damage (soluble thrombomodulin (sTM) [44-46]),
endothelial cell activation (tPA and PAI-1 [47]) and protein C-induced natural anticoagulation [48].

Results
Patients

The 184 patients included in the present study were randomized at two different trial sites (n = 140 (76%) at Rigshospitalet, n = 44 (24%) at Bispebjerg Hospital). The
patients had a median age of 67 years, with 55% being
male (Table 1). The majority of patients presented with
pulmonary (60%) or abdominal (30%) focus of infection
and had septic shock (n = 156 (86%)). A total of 34% of
patients underwent emergency surgery before admission
and 20% had hematologic malignancy (Table 1). The median SOFA and SAPS II scores at inclusion were 8 and
56, respectively, and 7-day, 28-day, 90-day and 1-year
mortality rates were 21%, 39%, 53% and 61%, respectively (Table 1). Data on endothelial-derived biomarkers
and TEG and FF are displayed in Table 1. Among the
184 patients, 23 (13%), 90 (49%) and 71 (39%) presented
with a hypocoagulable, normal and hypercoagulable
TEG MA, respectively, whereas 35 (19%), 94 (51%) and
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Table 1 Baseline (inclusion) characteristics,
endothelial-derived biomarker levels,
thrombelastography, transfusions during ICU stay
and outcome in 184 patients with severe sepsis
Variable

All

Table 1 Baseline (inclusion) characteristics,
endothelial-derived biomarker levels,
thrombelastography, transfusions during ICU stay
and outcome in 184 patients with severe sepsis
(Continued)

Median (IQR)

Mortality

Age

years

67 (59-75)

7-day

n (%)

39 (21%)

Male gender

n (%)

101 (55%)

28-day

n (%)

72 (39%)

90-day

n (%)

98 (53%)

n (%)

113 (61%)

Disease severity
Lactate

mmol/l

2.2 (1.4-3.7)

1-year

SBP

mmHg

82 (70-92)

SOFA

score

8 (6-10)

SAPS

score

56 (41-68)

Hemoglobin

g/dl

9.5 (8.4-10.8)

White blood cells

109/l

12.3 (7.4-20.1)

Data are presented as medians (IQR) or n (%). BUN, blood urea nitrogen;
Emergency surgery, emergency surgery prior to ICU admission; FF MA, maximum
amplitude in functional fibrinogen; FEU, fibrinogen equivalent units; FFP, fresh
frozen plasma; Ly30, lysis 30 minutes after MA; Mortality; mortality of any cause;
Owren type PT, reporting coagulation factor activity in percentage [41]; PAI-1,
plasminogen activator inhibitor-1; R-time, reaction time; RBC, red blood cells; SAPS,
simplified acute physiology score (calculated from 17 variables with higher scores
indicating more severe disease, but without recording the cerebral component of
the score); SBP, systolic blood pressure; SOFA, sequential organ failure assessment
(sub-scores ranging from 0 to 4 for each of five components (circulation, lungs,
liver, kidneys and coagulation, with aggregated scores ranging from 0 to 20, with
higher scores indicating more severe organ failure); TEG MA, maximum amplitude
in kaolin TEG; tPA, tissue-type plasminogen activator.

Biochemistry

9

Platelet count

10 /l

133 (71-232)

Creatinine

μmol/l

97 (62-172)

BUN

μmol/l

10.5 (6.8-17.7)

Bilirubin

μmol/l

12 (7-21)

D-dimer

mg FEU/l

4.8 (2.2-9.6)

Owren type PT

%

0.47 (0.34-0.61)

Plasma fibrinogen

g/l

4.7 (3.4-6.5)

55 (30%) presented with a hypocoagulable, normal and hypercoagulable FF MA. A comparable number of patients were
randomized into the two fluid intervention groups: 89 (48%)
were allocated to Ringer’s acetate and 95 (52%) to HES 130/0.42.

Syndecan-1

ng/ml

97 (51-204)

Clinical presentation and endothelial damage

Thrombomodulin

ng/ml

7.7 (5.2-10.8)

Protein C

%

47.4 (33.5-66.4)

tPA

ng/ml

16.4 (11.4-23.6)

PAI

ng/ml

30.9 (19.3-39.5)

R-time

min

7.7 (6.4-9.3)

Angle

degrees

65 (55-71)

TEG MA

mm

66 (58-72)

Ly30

%

0 (0.0-0.3)

Ly30 > 0%

n (%)

65 (36%)

mm

21.9 (16.1-28.8)

Endothelial biomarkers

Thrombelastography (TEG)

Functional fibrinogen (FF)
FF MA
Transfusions in ICU
RBC

n (%)

119 (65%)

FFP

n (%)

64 (35%)

Platelets

n (%)

52 (28%)

Neither focus of infection nor presence of shock or emergency surgery before admission influenced syndecan-1,
thrombomodulin or protein C quartiles (data not shown).
Patients with hematologic malignancy, however, were in a
high thrombomodulin quartile (P = 0.036), and patients with
shock at admission were in a higher tPA and PAI-1 quartile
(both P <0.01, data not shown).
Correlations and syndecan-1 quartiles

The TEG R-time, angle and MA all correlated weakly with
SOFA score (r = 0.27 (r2 0.07), r = −0.30 (r2 0.09), r = −0.34
(r2 0.12), respectively, all P <0.001), lactate (r = 0.18
(r2 0.03), r = −0.25 (r2 0.06), r = −0.32 (r2 0.11), respectively,
all P <0.05), platelet count (r = −0.35 (r2 0.13), r = 0.57
(r2 0.32), r = 0.69 (r2 0.48), respectively, all P <0.001), Ddimer (r2 0.02, r2 0.03 and r2 0.04, respectively, Table 2, univariate model) and Owren type PT (r2 0.03, r2 0.03 and r2
0.07, respectively Table 2, univariate model); TEG angle
and MA correlated with p-fibrinogen (r2 0.05 and r2 0.23,
respectively, Table 2, univariate model). Also, FF MA correlated with platelet count (r2 0.07), D-dimer (r2 0.06), Owren
type PT (r2 0.17), p-fibrinogen (r2 0.67) and crystalloids administered in the 24 hours prior to blood sampling and
randomization (r2 0.03) (all Table 2, univariate model).
TEG Ly30 correlated with SOFA score (r = 0.15 (r2 0.02),
P = 0.044) and lactate (r = −0.42 (r2 0.18), P <0.001).
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Table 2 Univariate and backwards multivariate linear regression analyses of associations between coagulopathy
evaluated by TEG and biomarkers of endothelial activation and damage in 184 patients with severe sepsis
Variable

Unit

TEG R-time
β (SE)

TEG Angle
t

P

TEG MA

β (SE)

t

P

3

β (SE)

FF MA
t

P

β (SE)

t

P

Univariate
Syndecan-1

3

0.001

−3.06 (091)

0.001

−3.40 (0.79)

−4

<0.001 −2.00 (0.64)

−3

0.002

2

0.021

−0.49 (0.22) −2 0.026

−0.60 (0.19)

−3

0.002

−0.58 (0.15)

−4

<0.001

−0.20 (0.10) −2

0.044

1.09 (0.37)

1.49 (0.32)

0.30 (0.08)

4

<0.001 −1.25 (0.30) −4 <0.0001 −1.27 (0.26)

2

0.044

−0.13 (0.06) −2 0.026

0.020

1.02 (0.46)

100 ng/ml 0.82 (0.24)

Thrombomodulin ng/ml

0.13 (0.06)

Protein C

10%

SOFA score

point

D-dimer

mg FEU/l

0.03 (0.02)

Owren type PT

10%

−0.29 (0.12) −2

3

0.004

5

<0.001 1.05 (0.25)

4

<0.001

−5

<0.001 -

-

NS

−0.13 (0.05)

−3

0.011

−0.14 (0.04)

−4

0.001

2

0.029

1.39 (0.40)

4

0.001

1.80 (0.30)

6

<0.001

P-fibrinogen

g/l

-

-

NS

1.41 (0.47)

3

0.003

2.62 (0.35)

7

<0.001 3.50 (0.18)

Crystalloid

100 ml

-

-

NS

-

-

NS

-

-

NS

−0.10 (0.04)

0.013

-

-

NS

−1.78 (0.87) −2

0.042

−0.84 (0.42) −2 0.045

0.006

−1.19 (0.30) −4 <0.001

−1.07 (0.27)

−4

<0.001

Not included

-

-

-

NS

-

19

<0.001

−2

0.022

Multivariate
Syndecan-1

100 ng/ml 0.64 (0.25)

3

SOFA score

point

0.23 (0.08)

3

D-dimer

mg FEU/l

-

-

NS

Owren type PT

10%

-

-

NS

-

-

NS

0.96 (0.40)

2

P-fibrinogen

g/l

Not included

1.26 (0.44)

3

0.004

-

-

Crystalloid

100 ml

Not included

Not included

-

NS

0.020
NS

Not included

-

NS

0.86 (0.23)

3

0.001

3.44 (0.21)

17

<0.001

-

-

NS

-

NS

Multivariate
Thrombomodulin ng/ml

-

-

NS

-

-

-

NS

-

SOFA score

0.28 (0.08)

2

<0.001

−1.19 (0.30) −4 <0.001

−1.24 (0.26)

−5

<0.001

Not included

-

NS

-

-

NS

-

-

NS

-

-

NS

-

-

NS

1.27 (0.38)

3

<0.001

0.54 (0.20)

3

0.007

3

0.004

-

-

NS

3.35 (0.21)

17

<0.001

-

-

NS

-

NS

-

NS

point

-

NS

D-dimer

mg FEU/l

-

Owren type PT

10%

−0.26 (0.12) −2

P-fibrinogen

g/l

Not included

1.26 (0.44)

Crystalloid

100 ml

Not included

Not included

Protein C

10%

-

-

NS

-

SOFA score

point

0.28 (0.08)

4

<0.001

D-dimer

mg FEU/l

-

-

NS

Owren type PT

10%

−0.26 (0.19) −2

-

-

NS

-

-

NS

0.54 (0.20)

3

0.007

P-fibrinogen

g/l

Not included

1.26 (0.44)

3

0.004

-

-

NS

3.35 (0.21)

17

<0.001

Crystalloid

100 ml

Not included

Not included

-

-

NS

0.031

Not included

Multivariate

0.031

-

1.24 (0.31)

4

<0.001 -

−1.19 (0.30) −4 <0.001

−1.09 (0.26)

−4

<0.001

Not included

-

-

-

NS

-

-

NS

NS

Not included

Regression coefficients (β) with standard errors (SE), t and P values displayed for the univariate and backwards selection multivariate models. Individual backwards
multivariate linear regression models including only univariate significant variables, were applied for each investigated biomarker (syndecan-1, sTM and protein C).
P values are shown in bold for endothelial-derived biomarkers with P <0.05. Predicted change in TEG R-time (minutes), TEG angle (degrees),TEG MA (maximum
amplitude, mm) or FF MA (maximum amplitude, mm) associated with one unit increase in syndecan-1 (100 ng/ml), thrombomodulin (ng/ml), protein C (10%),
SOFA score (point), D-dimer (mg FEU/l), Owren type PT (10%), plasma (p)-fibrinogen (g/l) and crystalloids administered in the 24 hours prior to blood sampling
and randomization (100 ml).

Transfusions administered the in the 24 hours prior to
blood sampling and randomization neither correlated with
TEG and FF nor with endothelial biomarkers (data not
shown). TEG and FF variables all correlated with syndecan-1,
thrombomodulin and protein C (Table 2, univariate model).
Furthermore, PAI-1 correlated with TEG MA (r = −0.20
(r2 0.04), P = 0.006) and FF MA (r = −0.37 (r2 0.13),
P <0.001). Also, increasing disseminated intravascular
coagulation (DIC) score was associated with increased

syndecan-1 (P <0.001) and thrombomodulin (P <0.001)
and reduced protein C (P <0.001), whereas tPA and PAI-1
remained stable across DIC scores (data not shown).
In accordance with the correlations, higher syndecan-1
quartile was associated with TEG and FF hypocoagulability, evidenced by increased R-time and reduced
angle, TEG and FF MA (Figure 1A-D), whereas it was
associated with a reduced proportion of patients presenting with TEG fibrinolysis (Figure 1E).
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Figure 1 Thrombelastography (TEG) and functional fibrinogen (FF) variables in 184 patients with severe sepsis stratified according to plasma
syndecan-1 quartiles. The median and interquartile ranges (A-D) or proportions (C) are shown for: A) TEG reaction time (R-time; minutes), B) TEG
angle (degrees), C) TEG maximum clot strength (MA; mm), D) FF MA (mm) and E) Ly30 > 0% (proportion). The influence of syndecan-1 quartile in
Figure 1A-D on TEG and FF variables were investigated by linear regression analysis with syndecan-1 quartile as the explanatory variable, with
results displayed as regression coefficients (β) with 95% confidence intervals and P values. Presence of fibrinolysis (Ly30 > 0%) across syndecan-1
quartiles in Figure 1E was investigated by Cochran-Armitage Trend Test, with results displayed as P values.

Linear regression analysis of the association between whole
blood coagulopathy and endothelial activation and damage

The independent association at one time-point between
coagulopathy and endothelial activation and damage was
investigated by linear regression with individual backwards
multivariate linear regression models, including only univariate significant variable applied for each investigated
biomarker (syndecan-1, thrombomodulin and protein C)
(Table 2).
In the univariate analyses, higher SOFA score and Ddimer, but lower Owren type PT and p-fibrinogen, were
associated overall with more hypocoagulable TEG and
FF profiles, corresponding to increased R-time and reduced angle, TEG MA and TEG FF (Table 2). Similarly,
higher syndecan-1 and sTM and lower protein C were
associated with more hypocoagulable TEG and FF
profiles in the univariate analyses. Higher PAI-1 was associated with a more hypocoagulable TEG MA (β: −0.20
mm (95% CI: −0.34 to −0.06), P = 0.006) and FF MA
(β: −0.29 mm (95% CI: −0.40 to −0.18), P <0.001),
whereas tPA was neither associated with TEG nor FF
variables (data not shown).
In the multivariate analyses including the univariate
significant variables and either syndecan-1, thrombomodulin or protein C, higher syndecan-1 was independently associated with TEG and FF hypocoagulability,
evidenced by increased R-time and reduced TEG MA
and FF MA (Table 2). Also, lower protein C was associated with reduced TEG MA (Table 2), whereas PAI-1
and tPA were not independently associated with TEG or
FF MA (data not shown). In addition to syndecan-1 and
protein C, higher SOFA score was consistently independently associated with TEG and FF hypocoagulability (Table 2), whereas lower Owren type PT and pfibrinogen were independently associated with TEG and
FF hypocoagulability in some multivariate analyses
(Table 2).

Discussion
The main finding of the present study was that plasma
markers of endothelial damage and, to a lesser degree,
endothelial activation, were independently associated with
concurrent whole blood hypocoagulability by TEG in
patients with severe sepsis and septic shock. Furthermore,
fibrinolysis was inversely associated with syndecan-1 quartiles, suggesting a negative influence of glycocalyx damage
on fibrinolysis.
The vascular endothelium influences hemostasis,
locally or systemically, through controlled release, expression and/or support of systems and/or elements that
either promote or inhibit coagulation [23-27]. There is
emerging evidence that the endothelium, actively or
passively, contributes to coagulopathy in acute critical
illness, including sepsis [5,23-26,28-37,49]. The endothelium comprises a single layer of cells that lines the inner
of all blood vessels and traverses all organs in the body,
establishing a unique interface between the underlying
tissue and flowing blood [25]. The luminal surface of the
endothelial cells is covered by the glycocalyx that binds
and incorporates soluble molecules derived from the
plasma and endothelium, with the highest amounts of
plasma-derived constituents towards the luminal surface
[50]. It provides the endothelium with an anti-adhesive
and anticoagulant surface that protects the underlying
endothelial cells and contributes to control of vascular
barrier function [51-53].
Glycocalyx damage, evidenced by increased levels of circulating syndecan-1 [43], can range from discrete disturbances in the composition of the most luminal layer, to
excessive destruction and degradation, with loss of the entire glycocalyx [50,51]. Clinically, glycocalyx and endothelial
cell damage are associated with pathophysiologic sequels
like capillary leakage and tissue edema, accelerated inflammation and platelet activation, microvascular thrombus
formation, loss of vascular responsiveness, hypotension,
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microcirculatory collapse and (multiple) organ failure
[6,51,52,54,55].
Importantly, upon shedding, the glycocalyx constituents
retain their anticoagulant heparin-like activity [49] and promote measurable TEG hypocoagulability in the flowing
blood through endogenous heparinization, as demonstrated
in hepatic failure, severe sepsis [31,32,49] and trauma [35].
This may mechanistically explain part of the association between syndecan-1 and TEG hypocoagulability observed in
the present study. Also, the association between lower
protein C levels and TEG hypocoagulability may be attributed to enhanced protein C activation, and consequently
increased endogenous anticoagulation, due to inactivation
of factors V and VIII and induction of hyperfibrinolysis
[56-59]. Together, these findings suggest that endothelial
damage, and to a lesser degree activation, may be linked to
functional whole blood hypocoagulability in severe sepsis.
Clinically, endothelial protective interventions would
hereby be expected to attenuate the sepsis-induced hypocoagulability. However, given the relatively weak correlations between endothelial activation and damage markers
and TEG/FF variables, as evaluated by the coefficients of
determination (r2), it should be emphasized that factors besides the endothelium may also contribute significantly to
the observed hypocoagulability. Also, the observational nature of the study makes it impossible to establish causality,
meaning that the association between endothelial damage
and TEG hypocoagulability could also be attributed to coagulation factor and platelet consumption due to microthrombi formation.
Acute critically ill patients suffering from non-septic
disease, such as severe trauma and resuscitated cardiac
arrest, also display evidence of excessive endothelial activation and damage concurrent with coagulopathy
[28,29,60-67]. We recently proposed that the coagulopathy observed in severe trauma and other types of acute
critical illness reflects a universal response mounted to
counterbalance emerging systemic microvascular and
endothelial disruption and damage inflicted by the ‘injurious hit’, that is, the tissue injury, infection and/or
ischemia-reperfusion injury and its concurrent activation of the neurohumoral, inflammatory and hemostatic
systems [37]. Recent studies of trauma, sepsis and burn
patients support the notion that different injurious hits
generate a common genetic response [68,69]. Consequently, we infer that the coagulopathy observed in
acute critically ill and shocked patients may reflect that
evolution has prioritized a response that ensures oxygen
supply above hemostasis in these patients [37].
In the present study, excessive glycocalyx damage (evidenced indirectly by high circulating syndecan-1 levels)
was inversely associated with functional TEG hyperfibrinolysis. Though excessive hyperfibrinolysis represents
an extreme form of coagulopathy observed in some
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critically ill and shocked patients suffering from, for example, severe trauma [70-75], resuscitated cardiac arrest
[36,76-78] and septic shock [15], the ‘fibrinolytic shutdown’ and enhanced thrombus generation in severe sepsis may limit pathogen dissemination but drive organ
failure [9,10,79-81]. Thus, the inverse correlation between Ly30 and syndecan-1 may suggest that ‘physiologic’ fibrinolysis is an active endothelial process that
may be impaired by excessive endothelial activation and
glycocalyx degradation.
The results presented here are subject to several limitations. First, the observational nature of the study does
not allow independent evaluation of the cause-andeffect relationship suggested, as mentioned above. Second, as this was a sub-study to the 6S trial, some of the
exclusion criteria may not be entirely relevant for the
present study, which may reduce the generalizability of
the results. Third, we did not adjust for multiple testing,
emphasizing that results obtained from a post-hoc subgroup study such as in this study, should be interpreted
with caution and optimally confirmed in later studies
designed specifically for that purpose. Fourth, the data
presented here were based on single time-point measurements and not consecutive data. To establish the
potential causality and improve our understanding of
the interaction between the two extremely complex
biologic systems (the endothelium and hemostasis) in
patients with complex diseases like sepsis, prospective
randomized studies are warranted, investigating hemostasis
in patients treated with intervention(s) expected to protect
the endothelium.

Conclusions
We found that a single time-point measurement of plasma
markers of endothelial damage and, to a lesser degree,
endothelial activation, were independently associated with
whole blood hypocoagulability by TEG in patients with severe sepsis, and that fibrinolysis correlated inversely with
markers of glycocalyx damage. These findings suggest that
endothelial activation and damage may be linked to hypocoagulability in patients with severe sepsis.
Key messages
 A single time-point measurement of plasma markers of

endothelial damage and, to a lesser degree, endothelial
activation, were independently associated with whole
blood hypocoagulability by TEG in patients with severe
sepsis and septic shock.
 Fibrinolysis was inversely associated with syndecan1, a marker of glycocalyx damage.
 These findings suggest that endothelial activation
and damage may be linked to hypocoagulability in
patients with severe sepsis.
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be expected to attenuate sepsis-induced
hypocoagulability.
Abbreviations
6S trial: The Scandinavian Starch for Severe Sepsis and Septic Shock trial;
ABG: Arterial blood gasses; DIC: Disseminated intravascular coagulation;
ELISA: Enzyme-linked immunosorbent assay; FF: Functional fibrinogen;
HES: Hydroxyethyl starch; ICU: Intensive care unit; IQR: Interquartile range;
Ly30: Proportional reduction in the amplitude 30 minutes after MA, reflecting
fibrinolysis; MA: Maximum amplitude; MAP: Mean arterial blood pressure; PAI1: Plasminogen activator inhibitor-1; ROTEM: Rotation thromboelastometry;
RRT: Renal replacement therapy; R-time: Reaction time; SAPS score: Simplified
Acute Physiology Score; SOFA score: Sepsis-related Organ Failure Assessment
(SOFA) score; sTM: Soluble thrombomodulin; STROBE: the Strengthening the
Reporting of Observational Studies in Epidemiology;
TEG: Thrombelastography; tPA: Tissue-type plasminogen activator; α: Angle.
Competing interests
The Department of Intensive Care at Rigshospitalet receives funds for
research from CSL Behring and Fresenius Kabi. The 6S trial was funded by
the Danish Research Councils and supported by B Braun Melsungen and the
ACTA foundation. The study funders had no role in the design and conduct
of the study; collection, management, analysis and interpretation of the data;
preparation, review or approval of the manuscript; and decision to submit
the manuscript for publication. The authors have no conflicts of interest or
disclosures to report.
Authors’ contributions
SRO contributed to conception of the study, data acquisition, analyses and
interpretation of data, drafted the figures and wrote the manuscript. NH was
the coordinating investigator of the 6S trial, randomized patients into the
trial and obtained informed consent from the trial participant, organized
blood sampling, collected clinical data, identified the patients for the present
study and prepared and delivered clinical data from the 6S trial database.
RBM collected clinical data on randomized patients of the 6S trial, reviewed
and prepared the 6S trial database and revised the manuscript critically.
MHM contributed to acquisition of data and revised the manuscript critically.
FCP contributed to acquisition and interpretation of data and revised the
manuscript critically. AP was the sponsor-investigator of the 6S trial, designed
the trial, randomized patients into the trial and obtained informed consent
from the trial participants. He also contributed to conception of this study.
PIJ contributed to conception of the study, analyses and interpretation of
data and wrote the manuscript. All authors read and approved the final
manuscript.
Acknowledgements
We thank the research nurses Maj-Brit Kjær, Kis Uhre, Vibeke Christiansen, Vibeke
Knudsen and Carsten Pedersen (collection of blood samples and clinical data),
Jakob Stensballe, Karin Magnussen, Pernille Andersen, Randa Zoel-Ghina, Karen
Dyeremose and Helena Stjernkvist from the blood banks (TEG and biomarker
analyses) and clinical staff at the participating sites. No specific compensation
was provided to these individuals.
The present substudy was funded by Rigshospitalet Research Council, the AP
Møller Foundation for Advancement of Medical Science and the Danish
Society of Anaesthesiology and Intensive Care Medicine. The study funders
had no role in the design and conduct of the study; collection,
management, analysis and interpretation of the data; preparation, review or
approval of the manuscript; or decision to submit the manuscript for
publication.
Author details
1
Section for Transfusion Medicine, Capital Region Blood Bank, Copenhagen
University Hospital, Rigshospitalet, Blegdamsvej 9, DK-2100 Copenhagen,
Denmark. 2Department of Intensive Care, Copenhagen University Hospital,
Rigshospitalet Blegdamsvej 9, DK-2100 Copenhagen, Denmark. 3Department
of Intensive Care, Copenhagen University Hospital, Bispebjerg Hospital,
Bispebjerg Bakke 23, DK-2400 Copenhagen, Denmark. 4Department of
Surgery, Division of Acute Care Surgery, Centre for Translational Injury
Research (CeTIR), University of Texas Medical School at Houston, 6410 Fannin
Street UPB 1100, Houston, TX 77030, USA.

References
1. Schouten M, Wiersinga WJ, Levi M. der PT v. Inflammation, endothelium,
and coagulation in sepsis. J Leukoc Biol. 2008;83:536–45.
2. Angus DC, van der PT. Severe sepsis and septic shock. N Engl J Med.
2013;369:840–51.
3. Lee WL, Slutsky AS. Sepsis and endothelial permeability. N Engl J Med.
2010;363:689–91.
4. Faust SN, Levin M, Harrison OB, Goldin RD, Lockhart MS, Kondaveeti S, et al.
Dysfunction of endothelial protein C activation in severe meningococcal
sepsis. N Engl J Med. 2001;345:408–16.
5. Ueno H, Hirasawa H, Oda S, Shiga H, Nakanishi K, Matsuda K. Coagulation/
fibrinolysis abnormality and vascular endothelial damage in the pathogenesis
of thrombocytopenic multiple organ failure. Crit Care Med. 2002;30:2242–8.
6. Lin SM, Wang YM, Lin HC, Lee KY, Huang CD, Liu CY, et al. Serum
thrombomodulin level relates to the clinical course of disseminated
intravascular coagulation, multiorgan dysfunction syndrome, and mortality
in patients with sepsis. Crit Care Med. 2008;36:683–9.
7. Levi M, Opal SM. Coagulation abnormalities in critically ill patients. Crit Care.
2006;10:222.
8. Gando S, Sawamura A, Hayakawa M. Trauma, shock, and disseminated
intravascular coagulation: lessons from the classical literature. Ann Surg.
2011;254:10–9.
9. Asakura H, Ontachi Y, Mizutani T, Kato M, Saito M, Kumabashiri I, et al. An
enhanced fibrinolysis prevents the development of multiple organ failure in
disseminated intravascular coagulation in spite of much activation of blood
coagulation. Crit Care Med. 2001;29:1164–8.
10. Gando S. Role of fibrinolysis in sepsis. Semin Thromb Hemost. 2013;39:392–9.
11. Johansson PI, Stissing T, Bochsen L, Ostrowski SR. Thrombelastography and
tromboelastometry in assessing coagulopathy in trauma. Scand J Trauma
Resusc Emerg Med. 2009;17:45.
12. Collins PW, Macchiavello LI, Lewis SJ, Macartney NJ, Saayman AG, Luddington
R, et al. Global tests of haemostasis in critically ill patients with severe sepsis
syndrome compared to controls. Br J Haematol. 2006;135:220–7.
13. Gonano C, Sitzwohl C, Meitner E, Weinstabl C, Kettner SC. Four-day antithrombin
therapy does not seem to attenuate hypercoagulability in patients suffering from
sepsis. Crit Care. 2006;10:R160.
14. Daudel F, Kessler U, Folly H, Lienert JS, Takala J, Jakob SM.
Thromboelastometry for the assessment of coagulation abnormalities in
early and established adult sepsis: a prospective cohort study. Crit Care.
2009;13:R42.
15. Sivula M, Pettila V, Niemi TT, Varpula M, Kuitunen AH. Thromboelastometry
in patients with severe sepsis and disseminated intravascular coagulation.
Blood Coagul Fibrinolysis. 2009;20:419–26.
16. Johansson PI, Stensballe J, Vindelov N, Perner A, Espersen K.
Hypocoagulability, as evaluated by thrombelastography, at admission to the
ICU is associated with increased 30-day mortality. Blood Coagul Fibrinolysis.
2010;21:168–74.
17. Sharma P, Saxena R. A novel thromboelastographic score to identify overt
disseminated intravascular coagulation resulting in a hypocoagulable state.
Am J Clin Pathol. 2010;134:97–102.
18. Adamzik M, Eggmann M, Frey UH, Gorlinger K, Brocker-Preuss M, Marggraf G, et al.
Comparison of thromboelastometry with procalcitonin, interleukin 6, and
C-reactive protein as diagnostic tests for severe sepsis in critically ill adults. Crit Care.
2010;14:R178.
19. Adamzik M, Langemeier T, Frey UH, Gorlinger K, Saner F, Eggebrecht H,
et al. Comparison of thrombelastometry with SAPS II and SOFA scores for
the prediction of 30-day survival: a cohort study. Shock. 2011;35:339–42.
20. Ostrowski SR, Windeløv NA, Ibsen M, Haase N, Perner A, Johansson PI.
Consecutive thrombelastography clot strength profiles in patients with
severe sepsis and their association with 28-day mortality: a prospective
study. J Crit Care. 2013;28:317. e1–11.
21. Haase N, Ostrowski SR, Johansson PI, Wetterslev J, Lange T, Hyllner M, et al.
Thrombelastography in patients with severe sepsis: a prospective cohort
study. Intensive Care Med. 2015;41:77–85.
22. Muller MC, Meijers JC, Vroom MB, Juffermans NP. Utility of
thromboelastography and/or thromboelastometry in adults with sepsis: a
systematic review. Crit Care. 2014;18:R30.

Ostrowski et al. Critical Care (2015) 19:191

23. Cines DB, Pollak ES, Buck CA, Loscalzo J, Zimmerman GA, McEver RP, et al.
Endothelial cells in physiology and in the pathophysiology of vascular
disorders. Blood. 1998;91:3527–61.
24. Monroe DM, Hoffman M. What does it take to make the perfect clot?
Arterioscler Thromb Vasc Biol. 2006;26:41–8.
25. Aird WC. Endothelium as an organ system. Crit Care Med. 2004;32:S271–9.
26. van HV. Endothelium–role in regulation of coagulation and inflammation.
Semin Immunopathol. 2012;34:93–106.
27. Campbell RA, Overmyer KA, Bagnell CR, Wolberg AS. Cellular procoagulant
activity dictates clot structure and stability as a function of distance from
the cell surface. Arterioscler Thromb Vasc Biol. 2008;28:2247–54.
28. Holcomb JB. A novel and potentially unifying mechanism for shock induced
early coagulopathy. Ann Surg. 2011;254:201–2.
29. Brohi K, Cohen MJ, Ganter MT, Matthay MA, Mackersie RC, Pittet JF. Acute
traumatic coagulopathy: initiated by hypoperfusion: modulated through the
protein C pathway? Ann Surg. 2007;245:812–8.
30. Adrie C, Monchi M, Laurent I, Um S, Yan SB, Thuong M, et al. Coagulopathy
after successful cardiopulmonary resuscitation following cardiac arrest:
implication of the protein C anticoagulant pathway. J Am Coll Cardiol.
2005;46:21–8.
31. Zambruni A, Thalheimer U, Coppell J, Riddell A, Mancuso A, Leandro G,
et al. Endogenous heparin-like activity detected by anti-Xa assay in infected
cirrhotic and non-cirrhotic patients. Scand J Gastroenterol. 2004;39:830–6.
32. Agarwal S, Senzolo M, Melikian C, Burroughs A, Mallett SV. The prevalence
of a heparin-like effect shown on the thromboelastograph in patients
undergoing liver transplantation. Liver Transpl. 2008;14:855–60.
33. Nelson A, Berkestedt I, Schmidtchen A, Ljunggren L, Bodelsson M. Increased
levels of glycosaminoglycans during septic shock: relation to mortality and
the antibacterial actions of plasma. Shock. 2008;30:623–7.
34. Steppan J, Hofer S, Funke B, Brenner T, Henrich M, Martin E, et al. Sepsis and
major abdominal surgery lead to flaking of the endothelial glycocalix. J Surg
Res. 2011;165:136–41.
35. Ostrowski SR, Johansson PI. Endothelial glycocalyx degradation induces
endogenous heparinization in patients with severe injury and early
traumatic coagulopathy. J Trauma Acute Care Surg.
2012;73:60–6.
36. Wada T, Gando S, Mizugaki A, Yanagida Y, Jesmin S, Yokota H, et al.
Coagulofibrinolytic changes in patients with disseminated intravascular
coagulation associated with post-cardiac arrest syndrome–fibrinolytic
shutdown and insufficient activation of fibrinolysis lead to organ
dysfunction. Thromb Res. 2013;132:e64–9.
37. Johansson PI, Ostrowski SR. Acute coagulopathy of trauma: balancing
progressive catecholamine induced endothelial activation and damage by
fluid phase anticoagulation. Med Hypotheses. 2010;75:564–7.
38. Perner A, Haase N, Guttormsen AB, Tenhunen J, Klemenzson G, Aneman A,
et al. Hydroxyethyl starch 130/0.42 versus Ringer's acetate in severe sepsis.
N Engl J Med. 2012;367:124–34.
39. von EE, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP.
The Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational studies.
Lancet. 2007;370:1453–7.
40. Johansson PI, Haase N, Perner A, Ostrowski SR. Association between
sympathoadrenal activation, fibrinolysis and endothelial damage in septic
patients: a prospective study. J Crit Care. 2014;29:327–33.
41. Sivula M, Tallgren M, Pettila V. Modified score for disseminated intravascular
coagulation in the critically ill. Intensive Care Med. 2005;31:1209–14.
42. Johansson PI, Bochsen L, Andersen S, Viuff D. Investigation of the effect
of kaolin and tissue factor-activated citrated whole blood, on clot
forming variables, as evaluated by thromboelastography. Transfusion.
2008;48:2377–83.
43. Rehm M, Bruegger D, Christ F, Conzen P, Thiel M, Jacob M, et al. Shedding
of the endothelial glycocalyx in patients undergoing major vascular surgery
with global and regional ischemia. Circulation. 2007;116:1896–906.
44. Blann A, Seigneur M. Soluble markers of endothelial cell function.
Clin Hemorheol Microcirc. 1997;17:3–11.
45. Blann AD. Endothelial cell activation, injury, damage and dysfunction:
separate entities or mutual terms? Blood Coagul Fibrinolysis.
2000;11:623–30.
46. Ishii H, Uchiyama H, Kazama M. Soluble thrombomodulin antigen in
conditioned medium is increased by damage of endothelial cells.
Thromb Haemost. 1991;65:618–23.

Page 9 of 10

47. Lowenstein CJ, Morrell CN, Yamakuchi M. Regulation of Weibel-Palade body
exocytosis. Trends Cardiovasc Med. 2005;15:302–8.
48. Reinhart K, Bayer O, Brunkhorst F, Meisner M. Markers of endothelial
damage in organ dysfunction and sepsis. Crit Care Med. 2002;30:S302–12.
49. Senzolo M, Coppell J, Cholongitas E, Riddell A, Triantos CK, Perry D, et al.
The effects of glycosaminoglycans on coagulation: a thromboelastographic
study. Blood Coagul Fibrinolysis. 2007;18:227–36.
50. Reitsma S, Slaaf DW, Vink H, van Zandvoort MA, oude Egbrink MG. The
endothelial glycocalyx: composition, functions, and visualization.
Pflugers Arch. 2007;454:345–59.
51. Becker BF, Chappell D, Bruegger D, Annecke T, Jacob M. Therapeutic
strategies targeting the endothelial glycocalyx: acute deficits, but great
potential. Cardiovasc Res. 2010;87:300–10.
52. Salmon AH, Satchell SC. Endothelial glycocalyx dysfunction in disease:
albuminuria and altered microvascular permeability. J Pathol.
2012;226:562–74.
53. Woodcock TE, Woodcock TM. Revised Starling equation and the glycocalyx
model of transvascular fluid exchange: an improved paradigm for
prescribing intravenous fluid therapy. Br J Anaesth. 2012;108:384–94.
54. Aird WC. The role of the endothelium in severe sepsis and multiple organ
dysfunction syndrome. Blood. 2003;101:3765–77.
55. Hirase T, Node K. Endothelial dysfunction as a cellular mechanism for
vascular failure. Am J Physiol Heart Circ Physiol. 2012;302:H499–505.
56. Esmon CT. The protein C pathway. Chest. 2003;124:26S–32S.
57. Sakata Y, Curriden S, Lawrence D, Griffin JH, Loskutoff DJ. Activated protein
C stimulates the fibrinolytic activity of cultured endothelial cells and
decreases antiactivator activity. Proc Natl Acad Sci U S A. 1985;82:1121–5.
58. van HV, Bertina RM, van WA, van Tilburg NH, Emeis JJ, Haverkate F.
Activated protein C decreases plasminogen activator-inhibitor activity in
endothelial cell-conditioned medium. Blood. 1985;65:444–51.
59. Rezaie AR. Vitronectin functions as a cofactor for rapid inhibition of
activated protein C by plasminogen activator inhibitor-1. Implications for
the mechanism of profibrinolytic action of activated protein C. J Biol Chem.
2001;276:15567–70.
60. Johansson PI, Stensballe J, Rasmussen LS, Ostrowski SR. A high admission
syndecan-1 level, a marker of endothelial glycocalyx degradation, is associated
with inflammation, protein C depletion, fibrinolysis, and increased mortality in
trauma patients. Ann Surg. 2011;254:194–200.
61. Ostrowski SR, Sørensen AM, Windeløv NA, Perner A, Welling KL, Wanscher M, et al.
High levels of soluble VEGF receptor 1 early after trauma are associated with shock,
sympathoadrenal activation, glycocalyx degradation and inflammation. Scand J
Trauma Resusc Emerg Med. 2012;20:27.
62. Ganter MT, Cohen MJ, Brohi K, Chesebro BB, Staudenmayer KL, Rahn P, et al.
Angiopoietin-2, marker and mediator of endothelial activation with
prognostic significance early after trauma? Ann Surg. 2008;247:320–6.
63. Kozar RA, Peng Z, Zhang R, Holcomb JB, Pati S, Park P, et al. Plasma
restoration of endothelial glycocalyx in a rodent model of hemorrhagic
shock. Anesth Analg. 2011;112:1289–95.
64. Haywood-Watson RJ, Holcomb JB, Gonzalez EA, Peng Z, Pati S, Park PW,
et al. Modulation of syndecan-1 shedding after hemorrhagic shock and
resuscitation. PLoS ONE. 2011;6, e23530.
65. Grundmann S, Fink K, Rabadzhieva L, Bourgeois N, Schwab T, Moser M,
et al. Perturbation of the endothelial glycocalyx in post cardiac arrest
syndrome. Resuscitation. 2012;83:715–20.
66. Gando S, Nanzaki S, Morimoto Y, Kobayashi S, Kemmotsu O. Out-of-hospital
cardiac arrest increases soluble vascular endothelial adhesion molecules and
neutrophil elastase associated with endothelial injury. Intensive Care Med.
2000;26:38–44.
67. Adams JA. Endothelium and cardiopulmonary resuscitation. Crit Care Med.
2006;34:S458–65.
68. Xiao W, Mindrinos MN, Seok J, Cuschieri J, Cuenca AG, Gao H, et al. A
genomic storm in critically injured humans. J Exp Med. 2011;208:2581–90.
69. Seok J, Warren HS, Cuenca AG, Mindrinos MN, Baker HV, Xu W, et al.
Genomic responses in mouse models poorly mimic human inflammatory
diseases. Proc Natl Acad Sci U S A. 2013;107:3507–12.
70. Schochl H, Frietsch T, Pavelka M, Jambor C. Hyperfibrinolysis after major
trauma: differential diagnosis of lysis patterns and prognostic value of
thrombelastometry. J Trauma. 2009;67:125–31.
71. Ives C, Inaba K, Branco BC, Okoye O, Schochl H, Talving P, et al.
Hyperfibrinolysis elicited via thromboelastography predicts mortality in
trauma. J Am Coll Surg. 2012;215:496–02.

Ostrowski et al. Critical Care (2015) 19:191

Page 10 of 10

72. Cotton BA, Harvin JA, Kostousouv V, Minei KM, Radwan ZA, Schochl H, et al.
Hyperfibrinolysis at admission is an uncommon but highly lethal event
associated with shock and prehospital fluid administration. J Trauma Acute
Care Surg. 2012;73:365–70.
73. Kashuk JL, Moore EE, Sawyer M, Le T, Johnson J, Biffl WL, et al. Postinjury
coagulopathy management: goal directed resuscitation via POC
thrombelastography. Ann Surg. 2010;251:604–14.
74. Sawamura A, Hayakawa M, Gando S, Kubota N, Sugano M, Wada T, et al.
Disseminated intravascular coagulation with a fibrinolytic phenotype at an
early phase of trauma predicts mortality. Thromb Res. 2009;124:608–13.
75. Hayakawa M, Sawamura A, Gando S, Kubota N, Uegaki S, Shimojima H, et al.
Disseminated intravascular coagulation at an early phase of trauma is
associated with consumption coagulopathy and excessive fibrinolysis both
by plasmin and neutrophil elastase. Surgery. 2011;149:221–30.
76. Schochl H, Cadamuro J, Seidl S, Franz A, Solomon C, Schlimp CJ, et al.
Hyperfibrinolysis is common in out-of-hospital cardiac arrest: results from a
prospective observational thromboelastometry study. Resuscitation.
2013;84:454–9.
77. Viersen VA, Greuters S, Korfage AR, Van der Rijst C, Van BV, Nanayakkara PW,
et al. Hyperfibrinolysis in out of hospital cardiac arrest is associated with
markers of hypoperfusion. Resuscitation. 2012;83:1451–5.
78. Kim J, Kim K, Lee JH, Jo YH, Kim T, Rhee JE, et al. Prognostic implication of
initial coagulopathy in out-of-hospital cardiac arrest. Resuscitation.
2013;84:48–53.
79. Opal SM. Phylogenetic and functional relationships between coagulation
and the innate immune response. Crit Care Med. 2000;28:S77–80.
80. Delvaeye M, Conway EM. Coagulation and innate immune responses: can
we view them separately? Blood. 2009;114:2367–74.
81. Levi M, van der PT. Inflammation and coagulation. Crit Care Med.
2010;38:S26–34.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

