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Abstract

Introduction: Disseminated intravascular coagulation (DIC) is characterized by the concomitant activation of
coagulofibrinolytic disorders and systemic inflammation associated with endothelial dysfunction-induced
microvascular permeability. Angiogenic factors, including vascular endothelial growth factor (VEGF), angiopoietin
(Ang), and their receptors, play crucial roles in angiogenesis and microvascular permeability. The aim of the study
was to assess the relationship between angiogenic factors, their soluble receptors and organ dysfunction
associated with DIC after severe trauma.

Materials and methods: A total of 57 patients with severe trauma were divided into two subgroups; 30 DIC
patients and 27 non-DIC patients. The DIC was diagnosed based on the Japanese Association for Acute Medicine
(JAAM) DIC and the International Society on Thrombosis and Haemostasis (ISTH) overt DIC criteria. The serum levels
of angiogenic factors were measured at the time of admission (Day 1), Day 3 and Day 5. This study compared
levels of these angiogenic factors between the two DIC groups, and evaluated their predictive value for organ
dysfunction.

Results: DIC patients, especially those with ISTH DIC, showed higher Sequential Organ Failure Assessment (SOFA)
scores and lactate levels. There were lower levels of VEGF, Ang1 and the soluble Tie2 in the ISTH DIC patients than
the non-DIC patients. The levels of soluble VEGF receptor-1 (sVEGFR1), Ang2 and the Ang2/Ang1 ratio in the ISTH
DIC patients were higher than in non-DIC patients. The relationship between the presence of massive transfusion
and angiogenic factors indicated the same results. The levels of sVEGFR1, Ang2 and the Ang2/Ang1 ratio correlated
with the SOFA scores. In particular, sVEGFR1 and Ang2 were independent predictors of an increase in the SOFA
score. The lactate levels independently predicted increases in the levels of sVEGFR1 and Ang2. The decrease in the
platelet counts also independently predicted the increase in Ang2 levels in DIC patients.

Conclusions: Angiogenic factors and their soluble receptors, particularly sVEGFR1 and Ang2, are considered to play
pivotal roles in the development of organ dysfunction in DIC associated with severe trauma. DIC-induced tissue
hypoxia and platelet consumption may play crucial roles in inducing sVEGFR1 and Ang2, and in determining the
prognosis of the severity of organ dysfunction.
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Introduction
The survival of trauma patients depends on the ability
to control two opposing conditions, namely, bleeding
during the early phase and thrombosis during the late
phase of trauma [1]. Hess et al. [2] suggested a new
concept regarding the pathophysiological mechanism of
trauma-related hemostatic changes, Acute Coagulopathy
of Trauma-Shock (ACoTS). However, we have pre-
viously demonstrated that this could be best explained
by the development of disseminated intravascular coagu-
lation (DIC) [1,3].
While the activation of the tissue-factor-dependent

pathway at the top of the cascade is the same, DIC is sub-
divided into a fibrinolytic and thrombotic phenotype [3].
DIC at an early phase of trauma, approximately 24 to 48
hours after injury, shows the fibrinolytic phenotype
which affects the patient prognosis due to massive bleed-
ing [1,4]. DIC at a late phase of trauma is a thrombotic
phenotype which also affects the patient prognosis due to
the development of multiple organ dysfunction syndrome
(MODS) [1,3,5].
Vascular endothelial growth factor (VEGF) plays cru-

cial roles in angiogenesis and microvascular permeability
[6]. VEGF mainly binds to two transmembrane receptors,
VEGF receptor-1 (VEGFR1) and VEGFR2. VEGFR2
mainly mediates endothelial growth, survival signals and
pathological angiogenesis. In contrast, VEGFR1-mediated
signaling plays important roles by increasing the vascular
permeability under pathological conditions, such as
ischemia and inflammation.
The angiopoietin (Ang)-Tie2 ligand-receptor system is

restricted to regulation of the endothelium and it is also
involved in multiple organ dysfunction-related pathways
[7]. The Ang-Tie2 system not only regulates angiogen-
esis, but also controls endothelial inflammation, along
with VEGF and its receptor system [8]. Ang1 stabilizes
the endothelial cells, inhibits vascular leakage, and sup-
presses inflammatory and coagulation-related gene
expression through Tie2 activation [8-10]. Ang2 antago-
nizes the binding of Ang1 to Tie2. Therefore, Ang2 is
thought to act as a proinflammatory mediator increasing
fluid leakage through the endothelial vasculature [11].
Several studies have demonstrated that the ratio between
Ang1 to Ang2 better describes the state of activation of
the endothelium, because Ang1 and Ang2 have agonist-
antagonist properties on the endothelium [12,13].
Clinical studies have demonstrated the serum levels of

VEGF to be strongly enhanced after polytrauma and
burn injuries [14]. Ang2 plays a critical role in the patho-
genesis of the activated endothelium with increased vas-
cular permeability observed early after trauma [12].
Moreover, the Ang2 levels in multi-trauma patients are
increased upon the development of septic complications
connected with a poor prognosis [15]. However, no

previous reports have documented the data regarding
these angiogenic factors and their soluble receptors in
DIC associated with severe trauma. This study tested the
hypothesis that the angiogenic factors play pivotal roles
in the development of DIC and DIC-induced organ dys-
function associated with severe trauma. The present
study examined the serial changes in serum angiogenic
factors and their soluble receptors in patients with
trauma-associated DIC and investigated the relationships
between these factors, receptors and organ dysfunction.

Materials and methods
Patients
With the approval of the Institutional Review Board and
after written informed consent was obtained from either
the patients or their kin, severe trauma patients were
enrolled in the study. Severe trauma patients were defined
as those with an Injury Severity Score (ISS) ≥ 9 (at least
one abbreviated Injury Scale ≥ 3) [16]. Patients were
excluded if they were under 18 years of age, had a terminal
illness, were receiving anticoagulant therapy, had known
clotting disorders, such as hematopoietic malignancies or
severe liver cirrhosis, or were complicated with cardiac
arrest. No patients received anticoagulant drugs, such as
heparin, in consideration of re-bleeding during the study
period. In addition, no antifibrinolytic drugs, such as tra-
nexamic acid, were administered because the blood sam-
ples and patients’ information for this study were collected
before publication of another study showing the impor-
tance of early treatment with tranexamic acid in bleeding
trauma patients [17]. Fifteen healthy volunteers served as
the control subjects. The patient source was the same as
that described in our previous study [18].

Definitions
The severity of illness of the patients was evaluated
according to the Acute Physiology and Chronic Health
Evaluation (APACHE) II score at the time of enrollment.
Organ dysfunction was assessed by the Sequential Organ
Failure Assessment (SOFA) score within 24 hr after arrival
at the emergency department (Day 1), as well as on Days 3
and 5. The DIC diagnosis was made on the Japanese Asso-
ciation for Acute Medicine (JAAM) DIC diagnostic criteria
within five days after injury [19]. The overt DIC scores
based on the International Society on Thrombosis and
Hemostasis (ISTH) were also calculated [20]. The fibrin/
fibrinogen degradation product (FDP) was used as the
fibrin-related marker in the ISTH criteria. No increase, a
moderate increase and a strong increase were defined as a
FDP of less than 9, 10 to 24 and more than 25 mg/L,
respectively. When the total score was ≥ 5, a diagnosis
was established by the ISTH criteria. Patients that met
the DIC criteria during the study period were defined as
DIC patients. A massive transfusion was defined as a
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transfusion of more than 10 U (1,400 ml) of packed red
blood cells. The main outcome measure was the 28-day
mortality.

Study protocol and measurement methods
Blood samples were collected by an arterial catheter
within 12 hours after arrival at the emergency depart-
ment (Day 1), as well as on Days 3 and 5. The blood was
immediately placed into individual tubes and centrifuged
at 3,000 rpm, for five minutes at 4°C. The serum and/or
plasma were stored at -80°C until used for the assay.
Serum samples were used for all measurements.
The following variables were measured in duplicate:

VEGF (Quantikene; Human VEGF; R&D Systems, Inc.,
Minneapolis, MN, USA); sVEGFR1 (Quantikene; Human
sVEGF R1/Flt-1; R&D Systems, Inc.), sVEGFR2 (Quanti-
kene; Human sVEGF R2/KDR/Flk-1; R&D Systems, Inc.);
Ang1 (Quantikene; Human Angiopoietin-1; R&D Systems,
Inc.); Ang2 (Quantikene; Human Angiopoietin-2; R&D
Systems, Inc.); and soluble Tie2 receptor (sTie2) (Quanti-
kene; Human Tie-2; R&D Systems, Inc.). The platelet
count, prothrombin time, fibrinogen level, FDP, D-dimer,
and antithrombin were also measured in the patient
plasma to establish the diagnosis and determine the treat-
ment of DIC. In addition, the ABL SYSTEM 620 (Radio-
meter, Copenhagen, Denmark) was used for the lactate
measurement.
A sufficient amount of platelet concentration, fresh fro-

zen plasma (FFP), and packed red blood cells (PRBC) were
transfused, based on repeatedly obtained laboratory data
to maintain the hemodynamics and to treat hemostatic
disorders.

Statistical analysis
The statistical analyses and calculations were performed
with the SPSS 19.0 software package (SPSS, Inc., Chi-
cago, IL, USA). Differences between the two groups
were analyzed using a two-sided nonparametric Mann-
Whitney U test, and categorical variables were com-
pared using Pearson’s chi-square test or Fisher’s exact
test when required. The Kruskal-Wallis analysis of var-
iance was used to compare the three groups. Correla-
tions were evaluated by the Spearman’s rank test.
Multiple regression analyses were undertaken to deter-
mine contributions to SOFA score. The relationship
between the dependent and the independent variables
were analyzed by a multiple regression analysis using
the stepwise method. The results of the regressions
were reported as the partial regression coefficient (B),
95% confidence intervals (CI). The coefficient of deter-
minant (R2) was also reported. A P-value < 0.05 was
considered to be statistically significant. Unless other-
wise stated, all results were expressed as the means ±
SEM.

Results
Patients’ characteristics
Fifty-seven patients with severe trauma met the inclusion
criteria and were eligible for the present study. Patients
were subdivided into a DIC group (n = 30) or a non-DIC
group (n = 27), based on the JAAM DIC criteria. The
DIC patients were further subdivided into those who met
only the JAAM DIC criteria (JAAM DIC; n = 21) and
those who simultaneously met both the JAAM and ISTH
overt DIC criteria (ISTH overt DIC; n = 9). The baseline
characteristics of the patients are shown in Table 1. The
DIC group had a significantly higher maximal SOFA
score (P < 0.001), although the ISS, APACHE II scores,
P/F ratio and the prevalence of acute respiratory distress
syndrome (ARDS) and sepsis were not significantly dif-
ferent between the DIC and non-DIC groups (ISS, P =
0.394; APACH II score, P = 0.277; P/F ratio, P = 0.194;
ARDS, P = 0.823; sepsis, P = 0.813). The DIC groups
received significantly more blood products (packed red
blood cell, P = 0.001, FFP, P = 0.004, platelet concentrate,
P = 0.032). Table 2 shows the Day 1 data of platelet
counts, coagulation and fibrinolysis factors, and lactate
levels. The higher FDP and D-dimer levels in DIC
patients suggested disseminated fibrin thrombosis.

Serial changes in angiogenic factors and their soluble
receptors
Serial changes in the circulating VEGF, sVEGFR1 and
sVEGFR2 levels are presented in Figure 1. All three groups
showed significantly lower levels of VEGF in comparison
to the controls. In particular, those with the ISTH overt
DIC group showed significantly lower VEGF levels on Day
1 in comparison to non-DIC subjects (P = 0.036).
Although the sVEGFR1 levels on Days 1 and 3 did not dif-
fer between non-DIC and DIC groups, the sVEGFR1 levels
on Day 5 in the ISTH overt DIC group were significantly
higher than those of the non-DIC group (P = 0.004). On
the other hand, the sVEGFR2 levels were not significantly
different between the two groups during the study period.
Figure 2 presents the Ang1, Ang2 and sTie2 levels and the
Ang2/Ang1 ratio. This figure shows that there were signif-
icantly lower levels of Ang1, and higher levels of Ang2 in
the ISTH overt DIC on Day 5 (Ang1, P = 0.026; Ang2, P =
0.038). Therefore, the ratio of Ang2 to Ang1 on Day 5 sig-
nificantly increased in the ISTH overt DIC (P = 0.005). In
addition, the sTie2 levels on Day 1 were lower in the
ISTH overt DIC than those in the non-DIC group (P =
0.010). The patients were subdivided into with and with-
out a massive transfusion. Figure 3 demonstrates the rela-
tionships among angiogenic factors, their soluble receptors
and the presence of massive transfusion. There were sig-
nificantly lower levels of VEGF on Day1, and higher levels
of sVEGFR1 on Day 5 in the massive transfusion group
(VEGF on Day 1, P = 0.022; sVEGFR1 on Day 5, P =
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0.027). Moreover, the Ang2 and the Ang2/Ang1 ratio on
Day 5 significantly increased in the massive transfusion
group (Ang2 on Day 5, P < 0.001, Ang2/Ang1 on Day 5, P
< 0.001). Other angiogenic factors and their receptors
showed no statistical difference during the study period.

Relationships between angiogenic factors, their soluble
receptors and organ dysfunction
Table 3 shows that there were significant positive corre-
lations between the sVEGFR1, Ang2, Ang2/Ang1 and
the SOFA scores in DIC patients. A multiple regression
analysis suggested that sVEGFR1 and Ang2 are indepen-
dent predictors of an increase in the SOFA scores in
DIC patients (Table 4).

Factors influencing the changes in angiogenic factors and
their soluble receptors
A multiple regression analysis was performed to deter-
mine the contributions to sVEGFR1 and Ang2 changes

in DIC patients. Table 5 shows that the maximal lactate
level is an independent predictor of changes in the
sVEGFR1 and Ang2 expression in the DIC patients.
Minimal platelet counts also independently predicted the
increase in the sVEGFR1 levels in patients with DIC.

Discussion
The present study has demonstrated that severe trauma
patients with associated DIC showed significant
decreases in their VEGF, Ang1, and sTie2 levels, and
increases in their SOFA scores, sVEGFR1 and Ang2
levels as well as in the Ang2/Ang1 ratio. sVEGFR1 and
Ang2 were the most prominent predictors of increases
in the SOFA scores in the DIC patients. We also
observed lower levels of VEGF, and higher levels of
sVEGFR1 in the massive transfusion group. In addition,
the Ang2, as well as the Ang2/Ang1 ratio, significantly
increased in the massive transfusion group. However,
massive transfusion was not found to be an independent

Table 1 The baseline clinical characteristics of the patients

DIC P value

Non-DIC JAAM DIC ISTH overt DIC

(n = 27) (n = 21) (n = 9)

Age (years) 50.0 ± 3.7 43.9 ± 4.5 57.2 ± 7.6 0.273

Gender (male/female) 19/8 10/11 4/5 0.192

ISS 26.0 ± 2.7 27.8 ± 2.3 31.7 ± 4.9 0.394

APACHE II score 19.2 ± 1.3 18.0 ± 1.1 24.4 ± 3.6 0.277

SOFA score max 4.5 ± 0.4 5.9 ± 0.5 9.8 ± 1.3 < 0.001

Sepsis (yes/no) 2/25 1/20 1/8 0.813

P/F ratio min 197 ± 21 185 ± 24 134 ± 35 0.194

ARDS (yes/no) 14/13 11/10 6/3 0.823

JAAM DIC max 2.6 ± 0.3 4.9 ± 0.2 6.6 ± 0.44 < 0.001

ISTH DIC max 2.0 ± 0.1 3.4 ± 0.1 5.4 ± 0.2 < 0.001

Packed red blood cell (ml) 491 ± 144 914 ± 174 2436 ± 594 0.001

Massive transfusion (yes/no) 3/24 5/16 5/4 0.026

FFP (ml) 445 ± 148 1032 ± 429 2503 ± 1011 0.004

Platelet concentrate (U) 3.5 ± 8.9 7.4 ± 3.2 26.7 ± 12.4 0.032

Outcome (survived/died) 26/1 20/1 6/3 0.029

DIC, disseminated intravascular coagulation; ISS, Injury Severity Score; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure
Assessment; MODS, multiple organ dysfunction syndrome; JAAM, Japan Association for Acute Medicine; ISTH, International Society on Thrombosis and
Haemostasis; FFP, fresh frozen plasma. We defined the maximum or minimum score as the highest or lowest score on day1, day3 and day5, when we collected
the patient data and samples. Packed red blood cells, FFP, and Platelet concentrate indicate the total volume within 5 days after injury.

Table 2 The platelet counts, coagulation and fibrinolysis factors, and lactate levels on day1

DIC p value

Non-DIC JAAM DIC ISTH overt DIC

Platelet counts (109/L) 153.4 ± 12.3 141.1 ± 11.9 110.0 ± 27.0 0.295

Prothrombin time (sec) 13.0 ± 0.3 13.7 ± 0.3 17.9 ± 1.3 < 0.001

Fibrinogen (g/L) 2.46 ± 0.19 1.88 ± 0.13 1.04 ± 0.06 < 0.001

FDP (mg/L) 19.1 ± 4.0 55.0 ± 7.9 150.6 ± 55.6 < 0.001

D-dimer (μg/mL) 30.6 ± 10.5 32.4 ± 5.6 79.7 ± 21.8 0.004

Antithrombin (%) 77.8 ± 3.5 71.7 ± 3.3 59.0 ± 8.0 0.014

Lactate (mmol/L) 2.9 ± 0.3 4.3 ± 0.7 6.8 ± 1.8 0.010

The abbreviations are same as Table 1. FDP, fibrin/fibrinogen degradation products.
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factor for predicting the SOFA scores in the multivari-
able analysis.
Previous studies have demonstrated the JAAM DIC

diagnostic criteria to have an acceptable validity for the
diagnosis of DIC at an early phase of trauma, and JAAM
DIC exists along with a continuum to ISTH overt DIC
[4,21]. In addition, we previously reported that DIC at an
early phase of trauma, which was based on the JAAM
DIC criteria and ISTH DIC criteria, continuously

Figure 1 The levels of VEGF, sVEGFR1 and sVEGFR2 in the
serum. White bars, control subjects; Hatched bars, non-DIC patients;
Gray bars, JAAM DIC patients; Black bars, ISTH DIC patients.

Figure 2 The levels of Ang1, Ang2, sTie2 and the ratio of
Ang2/Ang1 in the serum. White bars, control subjects; Hatched
bars, non-DIC patients; Gray bars, JAAM DIC patients; Black bars,
ISTH DIC patients.
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progressed to DIC at a late phase until five or six days
after the trauma [22].
Major trauma causes massive tissue injury, and initiates

a systemic inflammatory response syndrome. Endothelial
activation and dysfunction play a major role in the devel-
opment of organ injuries after trauma [23]. Angiogenic
factors, such as VEGF, angiopoietin and their receptors,
have complex effects on endothelial cells [6,7].
Grad et al. [14] demonstrated that the serum VEGF

levels in trauma and burn patients with complications,
such as sepsis, ARDS or multiple organ dysfunction syn-
drome (MODS), are lower than those of the patients
without such complications. Lower VEGF levels are also
associated with organ dysfunction and a poor outcome in
patients with sepsis [24,25]. The current results were
consistent with these studies. However, several studies
have reported that the plasma VEGF levels in the patients
with septic shock are higher than those of patients with-
out shock, and that the VEGF concentration at the time
of admission correlates with the severity of disease
[26,27]. Therefore, the levels of VEGF in patients with
sepsis, septic shock and other critical illnesses remain
controversial [12,28]. The present study measured the
VEGF levels using serum samples. Webb et al. [29] sug-
gested that plasma is the preferred medium to measure
VEGF because the platelet-mediated secretion of VEGF
during the clotting process could artificially increase the
levels of VEGF. Furthermore, this study indicated that
the coexistence of sVEGFR1 reduces the detection of

Figure 3 The levels of VEGF, sVEGFR1, Ang2 and the ratio of
Ang2/Ang1 in the serum. White bars, control subjects; Hatched
bars, without massive transfusion group; Gray bars, with massive
transfusion group.

Table 3 Spearman’s correlation between the angiogenic
factors, and the SOFA scores in DIC patients

Rho P value

SOFA-VEGF -0.073 0.514

SOFA-sVEGFR1 0.253 0.022

SOFA-sVEGFR2 -0.062 0.580

SOFA-Ang1 0.043 0.699

SOFA-Ang2 0.389 < 0.001

SOFA-Ang2/Ang1 0.233 0.035

SOFA-sTie2 0.017 0.882

Table 4 The results of the multiple regression analysis
using a stepwise method for prediction of the maximum
of SOFA score in DIC patients

B SE b P value 95% CI

sVEGFR1 max 0.004 0.001 0.460 0.007 0.001-0.006

Ang2 max 0.000 0.000 0.411 0.014 0.000-0.000

R2 = 0.630, ANOVA P < 0.001

B, partial regression coefficient; SE, standard error; ß, standard partial
regression coefficient; CI, confidence interval; R2, coefficient of determinant;
ANOVA, analysis of variance. Peak and nadir values of all angiogenic factors
and their soluble receptors, were defined respectively as the maximal and
minimal levels measured for each patient during the course of data collection.
Potential predictor variables included the presence of massive transfusion, all
peak and nadir values of all angiogenic factors and their receptors.

Wada et al. Critical Care 2012, 16:R63
http://ccforum.com/content/16/2/R63

Page 6 of 10



VEGF. Platelets are one of the main transporters of circu-
lating VEGF, and thrombin-activated platelets release
VEGF [30,31]. We observed a significant correlation
between the platelet counts and VEGF levels, and marked
increases in the levels of sVEGFR1 in DIC patients with
sepsis (our unpublished data; S Jesmin, T Wada,
S Gando, et al.). Therefore, we believe that the decrease
in the platelet counts and the elevation of sVEGFR1 are
the main causes of lower VEGF levels. We showed a sig-
nificant correlation between the VEGF and sVEGFR1
levels (Spearman rho = -0.236, P = 0.003, n = 150), but
no correlation was observed between the platelet counts
and VEGF in the present study. The precise mechanism
of lower VEGF levels remains unclear; however, we spec-
ulate that the increase in the sVEGFR1 levels may be one
of the causes of the lower VEGF levels in severe trauma
patients, especially in those with DIC.
The present study found the sVEGFR1 levels in the

ISTH overt DIC patients to be significantly higher than
those of the non-DIC patients on Day 5 and sVEGFR1
was an independent predictor of the increase in the
SOFA scores in patients with DIC associated with severe
trauma. sVEGFR1 is generated by alternative splicing of
VEGFR1 mRNA and functions as a decoy molecule, com-
peting with VEGFR1 for binding to VEGF [27]. VEGF
and VEGFR1 on the cell surface are up-regulated after
endothelial injury, promoting re-endothelialization by the
enhancement of vascular remodeling [32]. The results
suggest that higher sVEGFR1 levels may hamper VEGF
signaling in the process of endothelial repair, thereby
leading to disease progression and organ dysfunction
[28,33]. Furthermore, high circulating sVRGFR1 levels
have been reported to correlate with morbidity and mor-
tality, and are a potent marker of disease severity in sep-
tic or critically ill patients [27,28,34]. The current results
were in agreement with these previous studies. On the
other hand, an in vivo study suggested that VEGFR1 is
involved in the migration of monocytes/macrophages,

and that elevation of sVEGFR1 leads to an anti-inflam-
matory state [28,35]. The present results and the previous
studies indicate that sVEGFR1 may have dual roles in the
inflammatory processes, being involved in both endothe-
lial cell damage and in inducing an anti-inflammatory
effect. However, the inflammation caused by the high
sVEGFR1 level may overcome its anti-inflammatory
effects, leading to organ dysfunction in patients with DIC
associated with trauma.
sVRGFR2 is a soluble truncated form of VEGFR2. Like

sVEGFR1, sVEGFR2 may have regulatory consequences
with respect to VEGF-mediated angiogenesis. However,
its precise role has not yet been clarified [36]. The pre-
sent study found no significant differences in the levels
of sVEGFR2 between the DIC group and non-DIC
group, thus suggesting that it does not have a major
role in DIC after severe trauma.
Previous studies indicated that the serum levels of

Ang2 are related to poor prognosis, and are indepen-
dently correlated with the severity of injury and tissue
hypoperfusion in multi-trauma patients [12,15]. Other
studies also show that lower Ang1 and higher Ang2
levels are associated with a poor outcome in patients
with sepsis or critical illness [9,24,37,38]. Ang1 has anti-
inflammatory properties and protects against vascular
leakage, while Ang2 promotes inflammation and
increases the vascular permeability, leading to the devel-
opment of ARDS [8,9,39,40]. Moreover, positive rela-
tionships between Ang2 and inflammatory cytokines,
such as TNF-alpha and IL-6, have been observed [37].
These results suggest that elevations in Ang2 and a
decrease in Ang1 may reflect a pro-inflammatory state,
and that this is best summarized by the ratio between
Ang1 and Ang2 [12,13]. The current study and previous
studies suggest that a higher Ang2 level, as well as an
imbalance of Ang1 and Ang2 (high Ang2/Ang1 ratio),
are both associated with inflammation during DIC asso-
ciated with severe trauma, thus resulting in organ dys-
function. We observed that DIC associated with sepsis
has lower levels of Ang1 and higher levels of Ang2 on
Day 1 (our unpublished data; S Jesmin, T Wada, S
Gando, et al.). The present study showed that the same
changes could be found on Day 5, when the fibrinolytic
DIC proceeded into thrombotic DIC, which is accentu-
ated in sepsis. These results suggest that the changes in
the Ang levels may, therefore, play some role in the
development of thrombotic DIC. Furthermore, the
administration of Ang1 protects the vasculature from
leakage, countering the potentially lethal actions of
VEGF and inflammatory agents in animal experiment
[41]. The correction of the imbalance between Ang1
and Ang2 by administration of Ang1 or inhibition of
Ang2 may represent a new therapeutic target for severe
inflammatory illnesses, such as DIC related to trauma.

Table 5 The result of the multiple regression analysis
with stepwise method for prediction of sVEGFR1 and
Ang2 in DIC patients

B SE b P value 95% CI

sVEGFR1

Lactate max 49.1 15.8 .464 0.004 16.65-81.52

Platelet min -33.2 13.4 -0.372 0.019 -60.6- -5.794

Ang2

Lactate max 1080.2 218.7 0.682 < 0.001 632.2-1528.1

sVEGFR1; R2 = 0.491, ANOVA P < 0.001

Ang2; R2 = 0.466, ANOVA P < 0.001

The abbreviations are same as Table 4.

Potential predictor variables included the peak prothrombin time, FDP, D-
dimer, and lactate levels and nadir platelet counts, fibrinogen and
antithrombin during the course of data collection.
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Soluble Tie2 (sTie2) is released by proteolytic cleavage
of the extracellular domain by matrix metalloproteases,
which occurs constitutively or after VEGF signaling [42].
Cleaved sTie2 binds to both Ang1 and Ang2 to inhibit
ligand-mediated Tie2 receptor activation and down-
stream signaling [43]. A previous study also showed that
the sTie2 levels correlate with the VEGF levels, support-
ing the in vivo shedding of Tie2 through VEGF signaling
[44]. The sTie2 levels on Day 1, as well as the VEGF
levels, were significantly lower in the ISTH overt DIC
patients than in the non-DIC patients in the current ser-
ies. This result coincided with those of previous studies.
Yuan et al. [45] reported that Ang2 binds sTie2 with
approximately 20-fold lower affinity than Ang1 does.
Therefore, sTie2 may sift the Ang2/Ang1 in favor of
Ang2. The present study found the sTie2 levels in ISTH
DIC on Day 1 to be lower than those in non-DIC, but
no significant difference was observed between the two
groups on Day 5. The changes in the Ang1 and Ang2
levels in the ISTH DIC group on Day 5 may be affected
by the augmentation of the sTie2 activity. These results
and the previous studies may indicate that there is a
close relationship between the VEGF/VEGFR signaling
pathway and the Ang/Tie2 signaling system.
DIC patients in the current study showed higher levels

of FDP, D-dimer and lactate, indicating tissue hypoxia
induced by disseminated fibrin thrombosis. A multiple
regression analysis also showed that lactate and platelet
were independent predictors of an increase in the
sVEGFR1 levels in DIC patients. DIC is characterized by
the widespread activation of tissue factor, massive
thrombin generation and fibrin formation, leading to
microvascular occlusion and tissue hypoxia [46]. Any
type of shock can precipitate DIC in response to tissue
hypoxia, slow capillary flow, and endothelial damage [1].
Tissue hypoxia transcriptionally induces the expression
of VEGFR1 [47]. In addition, a decrease in the platelet
counts may correlate with the lower VEGF levels, lead-
ing to the elevation of sVEGFR1. These results indicate
that DIC-induced tissue hypoxia and platelet consump-
tion may play pivotal roles in inducing an alternatively
spliced form of VEGFR1, sVEGFR1, in patients with
DIC associated with severe trauma. The Ang2 levels of
the DIC patients were also independently predicted by
lactate. Inflammatory cytokines are thought to be stimuli
for Ang2 production in the clinical setting [37]. The
results of the current study suggest that DIC-induced
tissue hypoxia is another major determination of circu-
lating Ang2 in the same way as in the experimental
study [48]. Therefore, DIC is considered to be closely
involved in the pathogenesis of organ dysfunction after
trauma. Further studies in a larger number of subjects
in a more diverse population are thus needed to confirm
the roles and clinical relevance of angiogenic factors,

their receptors and the occurrence of DIC associated
with severe trauma.

Conclusions
This study demonstrated that there were lower serum
levels of VEGF, Ang1, and higher sVEGFR1 and Ang2
levels, and an increased Ang2/Ang1 ratio in patients
with ISTH overt DIC associated with severe trauma. We
also observed lower levels of VEGF, and higher levels of
sVEGFR1 in the massive transfusion group. In addition,
the Ang2 as well as the Ang2/Ang1 ratio significantly
increased in the massive transfusion group. The changes
in sVEGFR1, Ang2 and the Ang2/Ang1 ratio changes
were significantly correlated with the SOFA scores in
DIC patients. In particular, sVEGFR1 and Ang2 were
found to be independent predictors of an increase in the
SOFA scores in DIC patients. Moreover, the maximum
lactate levels and the minimum platelet counts indepen-
dently predicted increases in the sVEGFR1 levels. These
data, therefore, support the pathophysiological relation-
ship between organ dysfunction in patients with DIC
associated with severe trauma and angiogenic factors
and their receptors.

Key messages
• There are significant positive correlations among
sVEGFR1, Ang2, Ang2/Ang1 ratio, and the SOFA
scores in the trauma patients with DIC.
• sVEGFR1 and Ang2 are independent predictors of
an increase in the SOFA scores in DIC trauma
patients.
• The maximum lactate levels and the minimum pla-
telet counts independently predicted increases in the
sVEGFR1 levels.
• Lactate also independently predicts the Ang2 levels
of the DIC patients.
• These changes are most prominent in patients with
ISTH overt DIC.

Abbreviations
ACoTS: Acute Coagulopathy of Trauma-Shock; Ang: angiopoietin; APACHE:
Acute Physiology and Chronic Health Evaluation; ARDS: acute respiratory
distress syndrome; DIC: disseminated intravascular coagulation; FDP: fibrin/
fibrinogen degradation product; FFP: fresh frozen plasma; ISS: Injury Severity
Score; ISTH: International Society on Thrombosis and Haemostasis; JAAM:
Japan Association for Acute Medicine; MODS: multiple organ dysfunction
syndrome; PRBC: packed red blood cells; SOFA: Sequential Organ Failure
Assessment; VEGF: vascular endothelial growth factor; VEGFR: vascular
endothelial growth factor receptor

Acknowledgements
This study was supported in part by a Grant-in-Aid for Scientific Research
(2009-21249086) and a Grant-in-Aid for Young Scientists (B) (2011-23792091)
from the Ministry of Education, Science, Sports and Culture of Japan

Author details
1Division of Acute and Critical Care Medicine, Department of Anesthesiology
and Critical Care Medicine, Hokkaido University Graduate School of

Wada et al. Critical Care 2012, 16:R63
http://ccforum.com/content/16/2/R63

Page 8 of 10



Medicine, N17W5, Kita-ku, Sapporo 060-8638, Japan. 2Division of Gene
Therapeutics, Research Institute, National Center for Global Health and
Medicine, 1-21-1 Toyama Shinjuku-ku, Tokyo 162-8655, Japan. 3Health and
Diseases Research Center for Rural Peoples (HDRCRP), 14/15, 1st floor, Probal
Housing Ltd., Shekertak (Adjacent to Shekertak Road 1), Mohammadpur,
Dhaka 1207. Bangladesh. 4Department of Emergency and Critical Care
Medicine, Nippon Medical School, 1-1-5 Sendagi Bunkyo-ku, Tokyo 113-8603,
Japan.

Authors’ contributions
TW analyzed the results, drew the diagrams and wrote the manuscript. SJ
had the initial idea, established the immunoassays, performed and
supervised the experiments, and reviewed the manuscript. SG had the initial
idea, designed and supervised the research, identified patients, collected
samples, provided clinical data and reviewed the manuscript. SNS and SZ
established the experiments. HY reviewed the manuscript. All authors read
and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 23 January 2012 Revised: 3 March 2012
Accepted: 20 April 2012 Published: 20 April 2012

References
1. Gando S, Sawamura A, Hayakawa M: Trauma, shock, and disseminated

intravascular coagulation: lessons from the classical literature. Ann Surg
2011, 254:10-19.

2. Hess JR, Brohi K, Dutton RP, Hauser CJ, Holcomb JB, Kluger Y, Mackway-
Jones K, Parr MJ, Rizoli SB, Yukioka T, Hoyt DB, Bouillon B: The
coagulopathy of trauma: a review of mechanisms. J Trauma 2008,
65:748-754.

3. Gando S: Acute coagulopathy of trauma shock and coagulopathy of
trauma: a rebuttal. You are now going down the wrong path. J Trauma
2009, 67:381-383.

4. Sawamura A, Hayakawa M, Gando S, Kubota N, Sugano M, Wada T,
Katabami K: Disseminated intravascular coagulation with a fibrinolytic
phenotype at an early phase of trauma predicts mortality. Thromb Res
2009, 124:608-613.

5. Gando S: Disseminated intravascular coagulation in trauma patients.
Semin Thromb Hemost 2001, 27:585-592.

6. Ferrara N: Molecular and biological properties of vascular endothelial
growth factor. J Mol Med 1999, 77:527-543.

7. van Meurs M, Kumpers P, Ligtenberg JJ, Meertens JH, Molema G, Zijlstra JG:
Bench-to-bedside review: Angiopoietin signalling in critical illness - a
future target? Crit Care 2009, 13:207.

8. Fiedler U, Augustin HG: Angiopoietins: a link between angiogenesis and
inflammation. Trends Immunol 2006, 27:552-558.

9. Ricciuto DR, Dos Santos CC, Hawkes M, Toltl LJ, Conroy AL, Rajwans N,
Lafferty EI, Cook DJ, Fox-Robichaud A, Kahnamoui K, Kain KC, Liaw PC,
Liles WC: Angiopoietin-1 and angiopoietin-2 as clinically informative
prognostic biomarkers of morbidity and mortality in severe sepsis. Crit
Care Med 2011, 39:702-710.

10. Brindle NP, Saharinen P, Alitalo K: Signaling and functions of angiopoietin-
1 in vascular protection. Circ Res 2006, 98:1014-1023.

11. Maisonpierre PC, Suri C, Jones PF, Bartunkova S, Wiegand SJ, Radziejewski C,
Compton D, McClain J, Aldrich TH, Papadopoulos N, Daly TJ, Davis S,
Sato TN, Yancopoulos GD: Angiopoietin-2, a natural antagonist for Tie2
that disrupts in vivo angiogenesis. Science 1997, 277:55-60.

12. Ganter MT, Cohen MJ, Brohi K, Chesebro BB, Staudenmayer KL, Rahn P,
Christiaans SC, Bir ND, Pittet JF: Angiopoietin-2, marker and mediator of
endothelial activation with prognostic significance early after trauma?
Ann Surg 2008, 247:320-326.

13. Ong T, McClintock DE, Kallet RH, Ware LB, Matthay MA, Liu KD: Ratio of
angiopoietin-2 to angiopoietin-1 as a predictor of mortality in acute
lung injury patients. Crit Care Med 2010, 38:1845-1851.

14. Grad S, Ertel W, Keel M, Infanger M, Vonderschmitt DJ, Maly FE: Strongly
enhanced serum levels of vascular endothelial growth factor (VEGF)
after polytrauma and burn. Clin Chem Lab Med 1998, 36:379-383.

15. Giamarellos-Bourboulis EJ, Kanellakopoulou K, Pelekanou A, Tsaganos T,
Kotzampassi K: Kinetics of angiopoietin-2 in serum of multi-trauma
patients: correlation with patient severity. Cytokine 2008, 44:310-313.

16. Civil ID, Schwab CW: The Abbreviated Injury Scale, 1985 revision: a
condensed chart for clinical use. J Trauma 1988, 28:87-90.

17. Roberts I, Shakur H, Afolabi A, Brohi K, Coats T, Dewan Y, Gando S,
Guyatt G, Hunt BJ, Morales C, Perel P, Prieto-Merino D, Woolley T: The
importance of early treatment with tranexamic acid in bleeding trauma
patients: an exploratory analysis of the CRASH-2 randomised controlled
trial. Lancet 2011, 377:1096-1101, 1101 e1091-1092.

18. Hayakawa M, Sawamura A, Gando S, Kubota N, Uegaki S, Shimojima H,
Sugano M, Ieko M: 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, 149:221-230.

19. Gando S, Saitoh D, Ogura H, Mayumi T, Koseki K, Ikeda T, Ishikura H, Iba T,
Ueyama M, Eguchi Y, Ohtomo Y, Okamoto K, Kushimoto S, Endo S,
Shimazaki S: Natural history of disseminated intravascular coagulation
diagnosed based on the newly established diagnostic criteria for
critically ill patients: results of a multicenter, prospective survey. Crit Care
Med 2008, 36:145-150.

20. Taylor FBJ, Toh CH, Hoots WK, Wada H, Levi M: Towards definition, clinical
and laboratory criteria, and a scoring system for disseminated
intravascular coagulation. Thromb Haemost 2001, 86:1327-1330.

21. Sawamura A, Hayakawa M, Gando S, Kubota N, Sugano M, Wada T,
Katabami K: Application of the Japanese Association for Acute Medicine
disseminated intravascular coagulation diagnostic criteria for patients at
an early phase of trauma. Thromb Res 2009, 124:706-710.

22. Murakami H, Gando S, Hayakawa M, Sawamura A, Sugano M, Kubota N,
Uegaki S, Jesmin S: Disseminated Intravascular Coagulation (DIC) at an
early phase of trauma continuously proceeds to DIC at a late phase of
trauma. Clin Appl Thromb Hemost 2012.

23. Ikegami K, Suzuki Y, Yukioka T, Matsuda H, Shimazaki S: Endothelial cell
injury, as quantified by the soluble thrombomodulin level, predicts
sepsis/multiple organ dysfunction syndrome after blunt trauma. J
Trauma 1998, 44:789-794, discussion 794-785.

24. Mankhambo LA, Banda DL, Jeffers G, White SA, Balmer P, Nkhoma S,
Phiri H, Molyneux EM, Hart CA, Molyneux ME, Heyderman RS, Carrol ED:
The role of angiogenic factors in predicting clinical outcome in severe
bacterial infection in Malawian children. Crit Care 2010, 14:R91.

25. Karlsson S, Pettila V, Tenhunen J, Lund V, Hovilehto S, Ruokonen E: Vascular
endothelial growth factor in severe sepsis and septic shock. Anesth Analg
2008, 106:1820-1826.

26. Pickkers P, Sprong T, Eijk L, Hoeven H, Smits P, Deuren M: Vascular
endothelial growth factor is increased during the first 48 hours of
human septic shock and correlates with vascular permeability. Shock
2005, 24:508-512.

27. Shapiro NI, Yano K, Okada H, Fischer C, Howell M, Spokes KC, Ngo L,
Angus DC, Aird WC: A prospective, observational study of soluble FLT-1
and vascular endothelial growth factor in sepsis. Shock 2008, 29:452-457.

28. Yang KY, Liu KT, Chen YC, Chen CS, Lee YC, Perng RP, Feng JY: Plasma
soluble vascular endothelial growth factor receptor-1 levels predict
outcomes of pneumonia-related septic shock patients: a prospective
observational study. Crit Care 2011, 15:R11.

29. Webb NJ, Bottomley MJ, Watson CJ, Brenchley PE: Vascular endothelial
growth factor (VEGF) is released from platelets during blood clotting:
implications for measurement of circulating VEGF levels in clinical
disease. Clin Sci (Lond) 1998, 94:395-404.

30. Verheul HM, Hoekman K, Luykx-de Bakker S, Eekman CA, Folman CC,
Broxterman HJ, Pinedo HM: Platelet: transporter of vascular endothelial
growth factor. Clin Cancer Res 1997, 3:2187-2190.

31. Mohle R, Green D, Moore MA, Nachman RL, Rafii S: Constitutive
production and thrombin-induced release of vascular endothelial
growth factor by human megakaryocytes and platelets. Proc Natl Acad
Sci USA 1997, 94:663-668.

32. Vidal F, Aragones J, Alfranca A, de Landazuri MO: Up-regulation of vascular
endothelial growth factor receptor Flt-1 after endothelial denudation:
role of transcription factor Egr-1. Blood 2000, 95:3387-3395.

33. Alves BE, Montalvao SA, Aranha FJ, Lorand-Metze I, De Souza CA,
Annichino-Bizzacchi JM, De Paula EV: Time-course of sFlt-1 and VEGF-A

Wada et al. Critical Care 2012, 16:R63
http://ccforum.com/content/16/2/R63

Page 9 of 10



release in neutropenic patients with sepsis and septic shock: a
prospective study. J Transl Med 2011, 9:23.

34. Shibuya M: Structure and dual function of vascular endothelial growth
factor receptor-1 (Flt-1). Int J Biochem Cell Biol 2001, 33:409-420.

35. Yano K, Liaw PC, Mullington JM, Shih SC, Okada H, Bodyak N, Kang PM,
Toltl L, Belikoff B, Buras J, Simms BT, Mizgerd JP, Carmeliet P,
Karumanchi SA, Aird WC: Vascular endothelial growth factor is an
important determinant of sepsis morbidity and mortality. J Exp Med
2006, 203:1447-1458.

36. Takahashi H, Shibuya M: The vascular endothelial growth factor (VEGF)/
VEGF receptor system and its role under physiological and pathological
conditions. Clin Sci (Lond) 2005, 109:227-241.

37. Orfanos SE, Kotanidou A, Glynos C, Athanasiou C, Tsigkos S, Dimopoulou I,
Sotiropoulou C, Zakynthinos S, Armaganidis A, Papapetropoulos A,
Roussos C: Angiopoietin-2 is increased in severe sepsis: correlation with
inflammatory mediators. Crit Care Med 2007, 35:199-206.

38. Giuliano JS Jr, Lahni PM, Harmon K, Wong HR, Doughty LA, Carcillo JA,
Zingarelli B, Sukhatme VP, Parikh SM, Wheeler DS: Admission angiopoietin
levels in children with septic shock. Shock 2007, 28:650-654.

39. van der Heijden M, van Nieuw Amerongen GP, Koolwijk P, van
Hinsbergh VW, Groeneveld AB: Angiopoietin-2, permeability oedema,
occurrence and severity of ALI/ARDS in septic and non-septic critically ill
patients. Thorax 2008, 63:903-909.

40. Parikh SM, Mammoto T, Schultz A, Yuan HT, Christiani D, Karumanchi SA,
Sukhatme VP: Excess circulating angiopoietin-2 may contribute to
pulmonary vascular leak in sepsis in humans. PLoS Med 2006, 3:e46.

41. Thurston G, Rudge JS, Ioffe E, Zhou H, Ross L, Croll SD, Glazer N, Holash J,
McDonald DM, Yancopoulos GD: Angiopoietin-1 protects the adult
vasculature against plasma leakage. Nat Med 2000, 6:460-463.

42. Reusch P, Barleon B, Weindel K, Martiny-Baron G, Godde A, Siemeister G,
Marme D: Identification of a soluble form of the angiopoietin receptor
TIE-2 released from endothelial cells and present in human blood.
Angiogenesis 2001, 4:123-131.

43. Findley CM, Cudmore MJ, Ahmed A, Kontos CD: VEGF induces Tie2
shedding via a phosphoinositide 3-kinase/Akt dependent pathway to
modulate Tie2 signaling. Arterioscler Thromb Vasc Biol 2007, 27:2619-2626.

44. van der Heijden M, van Nieuw Amerongen GP, van Hinsbergh VW,
Groeneveld AB: The interaction of soluble Tie2 with angiopoietins and
pulmonary vascular permeability in septic and nonseptic critically ill
patients. Shock 2010, 33:263-268.

45. Yuan HT, Khankin EV, Karumanchi SA, Parikh SM: Angiopoietin 2 is a partial
agonist/antagonist of Tie2 signaling in the endothelium. Mol Cell Biol
2009, 29:2011-2022.

46. Gando S: Microvascular thrombosis and multiple organ dysfunction
syndrome. Crit Care Med 2010, 38:S35-42.

47. Pugh CW, Ratcliffe PJ: Regulation of angiogenesis by hypoxia: role of the
HIF system. Nat Med 2003, 9:677-684.

48. Oh H, Takagi H, Suzuma K, Otani A, Matsumura M, Honda Y: Hypoxia and
vascular endothelial growth factor selectively up-regulate angiopoietin-2
in bovine microvascular endothelial cells. J Biol Chem 1999,
274:15732-15739.

doi:10.1186/cc11309
Cite this article as: Wada et al.: Using angiogenic factors and their
soluble receptors to predict organ dysfunction in patients with
disseminated intravascular coagulation associated with severe trauma.
Critical Care 2012 16:R63.

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

Wada et al. Critical Care 2012, 16:R63
http://ccforum.com/content/16/2/R63

Page 10 of 10


	Abstract
	Introduction
	Materials and methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Patients
	Definitions
	Study protocol and measurement methods
	Statistical analysis

	Results
	Patients’ characteristics
	Serial changes in angiogenic factors and their soluble receptors
	Relationships between angiogenic factors, their soluble receptors and organ dysfunction
	Factors influencing the changes in angiogenic factors and their soluble receptors

	Discussion
	Conclusions
	Key messages
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


