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Background: Dysfunctional natural anticoagulant systems enhance intravascular fibrin for-
mation in disseminated intravascular coagulation (DIC), and plasma levels of natural anti-
coagulants can be used in the diagnosis and prognosis of DIC. Herein, the diagnostic value
of 4 natural anticoagulants was assessed, and the prognostic value of antithrombin and
protein C were validated in a large population.

Methods: Part 1 study included 126 patients with clinically suspected DIC and estimated
plasma levels of 4 candidate anticoagulant proteins: antithrombin, protein C, protein S, and
protein Z. Part 2 comprised 1,846 patients, in whom plasma antithrombin and protein C
levels were compared with other well-known DIC markers according to the underlying dis-
eases. The 28-day mortality rate was used to assess prognostic outcome.

Results: Antithrombin and protein C showed higher areas under the ROC curve than pro-
tein S and protein Z. In part 2 of the study, antithrombin and protein C levels significantly
correlated with DIC score, suggesting that these factors are good indicators of DIC severity.
Antithrombin and protein C showed significant prognostic power in Kaplan—Meier analyses.
In patients with sepsis/severe infection, antithrombin and protein C showed higher hazard
ratios than D-dimer. Platelet count showed the highest hazard ratio in patients with hemato-
logic malignancy. In patients with liver disease, the hazard ratio for antithrombin levels was
significantly high.

Conclusions: Decreased plasma anticoagulant levels reflect florid consumption of the phys-
iologic defense system against DIC-induced hypercoagulation. Plasma antithrombin and
protein C levels are powerful prognostic markers of DIC, especially in patients with sepsis/
severe infection.
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INTRODUCTION

as a result of systemic activation of the coagulation pathway [1].

Intravascular fibrin formation is enhanced by dysfunction of nat-

Disseminated intravascular coagulation (DIC) is a clinicopatho-
logical syndrome characterized by intravascular fibrin formation
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ural anticoagulant systems, such as antithrombin and protein C
systems, during the active course of DIC. Since natural anticoag-

www.annlabmed.org 85


http://crossmark.crossref.org/dialog/?doi=10.3343/alm.2014.34.2.85&domain=pdf&date_stamp=2014-02-13

ANN
LAB
MED

ulants can restore dysfunctional anticoagulant systems, recombi-
nant anticoagulant proteins including antithrombin and activated
protein C have been investigated for the treatment of DIC [2].

Plasma levels of antithrombin, protein C, and protein S tend
to be markedly reduced in patients with severe DIC [3]. More-
over, antithrombin and protein C deficiency are common in DIC
patients with poor prognosis [4, 5]. Therefore, plasma levels of
natural anticoagulants can be used in the diagnosis and prog-
nosis of DIC. Currently, a scoring system proposed by the sub-
committee of International Society of Thrombosis and Haemo-
stasis (ISTH) includes 4 routine laboratory tests: platelet count,
prothrombin time (PT), fibrin-related marker level, and fibrino-
gen [6].

Protein Z is a natural anticoagulant that activates protein Z-
dependent protease inhibitor, which in turn inhibits factor X [7].
Although low levels of protein Z are reported in thrombotic con-
ditions [8], to the best of our acknowledge, there is no report on
plasma levels of protein Z in DIC.

DIC can occur in various underlying diseases such as sepsis,
malignancy, and liver disease [6, 9], and the onset mechanisms
of DIC differ depending on the underlying diseases. For exam-
ple, tissue factor (TF) expressed by tumor cells usually initiates
coagulation activation in malignancy, while inflammatory cyto-
kines are the main triggers for coagulation activation in sepsis
[10]. Therefore, the diagnostic and prognostic value of laboratory
results may differ depending on the underlying diseases [9].

Part 1 of this study investigated the diagnostic values of natu-
ral anticoagulants (antithrombin, protein C, protein S, and pro-
tein Z) in DIC. Since we found that antithrombin and protein C
had higher prognostic value than protein S and protein Z, in
part 2, we prospectively assessed the prognostic value of anti-
thrombin and protein C levels according to the underlying dis-
eases in a large study population.

METHODS

1. Study design
Part 1 of the study included 126 patients who were clinically

suspected of having DIC. To screen for good prognostic indica-
tors of DIC, 4 candidate anticoagulant proteins, namely anti-
thrombin, protein C, protein S, and protein Z, were assessed.
Then, a larger population study was performed to validate the
prognostic values of antithrombin and protein C in part 2 of the
study, because these proteins were identified to relate to prog-
nosis in part 1 of the study. The plasma levels and prognostic
value of antithrombin and protein C were analyzed in 1,846 pa-
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tients clinically suspected of having DIC according to the under-
lying diseases.

This study was approved by the Institutional Review Board of
Seoul National University Hospital. We reviewed the test results
and medical records to determine whether the patients were
clinically consistent with the ones who were diagnosed with DIC.
The characteristics of patients, including age, gender, underly-
ing disease, and laboratory test results, are presented in Table 1.
We defined overt-DIC using an ISTH Subcommittee cumulative
score of 5 or above [6]. For the fibrin-related marker, a D-dimer
level of <0.4, 0.4-4.0, and >4.0 pg/mL was considered as no
increase, moderate increase, and strong increase, respectively.

2. Blood samples and assays

Peripheral blood was collected in commercially available vacu-
tainers: 3.2% sodium citrate tubes (Becton Dickinson, San
Jose, CA, USA) for the coagulation test and EDTA tubes (Becton
Dickinson) for platelet count. Platelet count was measured on
EDTA anticoagulated blood using a XE-2100 system (Sysmex,
Kobe, Japan). The PT, activated partial thromboplastin time
(aPTT), fibrinogen, and D-dimer levels were assayed on an ACL
3000 (Beckman Coulter Inc., Fullerton, CA, USA). Antithrombin
and protein C levels were also determined by chromogenic as-
say using an ACL 3000 (Beckman Coulter Inc.). The free pro-
tein S antigen level was measured using a Free Protein S kit (In-
strumentation Laboratory Company, Lexington, MA, USA). Pro-
tein Z levels were measured using a commercial ELISA kit (Zy-
mutest Protein Z; Hyphen BioMed, Neuville-sur-Oisa, France)
according to the manufacturer’s instructions.

3. Statistical analysis

All statistical analyses were carried out using the SPSS 19.0.0
statistical package (SPSS Inc., Chicago, IL, USA). Continuous
data of all parameters are given as median values and ranges,
and data were compared using the t-test. The relationships be-
tween categorical variables were compared by the chi-square
test. The area under the ROC curves (AUC) was compared to
predict the prognostic power of each variable. Cumulative sur-
vival curves were analyzed using Kaplan—Meier survival analysis.
The hazard ratios, as measures of the relative risk of the 28-hos-
pital day mortality rate, were estimated with Cox regression anal-
ysis, and the 95% confidence interval (Cl) was computed. We
included age and gender as covariates. The optimal cutoff value
was determined with ROC curve analysis using MedCalc 12.3.0.0
(MedCalc Software, Mariakcox, Belgium). Two-sided P values
<0.05 were considered statistically significant.
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Table 1. Characteristics of the study population
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Part 1 (N=126)

Part 2 (N=1,846)

No overt-DIC (N=71)

Overt-DIC (N=55)

No overt-DIC (N=1,304) Overt-DIC (N=542)

Age (yr) 49.6+26.7 53.2+23.3 49.0+£24.8 51.2+21.9
Gender, N (%)

Male 37(52.1) 29 (52.7) 709 (54.4) 308 (56.8)

Female 34 (47.9) 26 (47.3) 595 (45.6) 234 (43.2)
Clinical diagnosis, N (%)

Sepsis/severe infection 41 (57.7) 14 (25.5) 694 (53.2) 130 (24.0)

Solid tumor 16 (22.5) 19 (34.5) 257 (19.7) 107 (19.7)

Hematologic malignancy 9(12.7) 13(23.6) 221 (16.9) 111 (20.5)

Liver disease 5(1.0) 9(16.4) 132(10.1) 194 (35.8)
Platelets (x 10°L) 183.2+122.0° 63.5+54.5 188.6+122.9* 70.2+98.5
PT (sec) 155428 214+73 149+42¢ 213+73
aPTT (sec) 58.0£70.0 87.8+107.1 426+148* 54.2+18.4
D-dimer (pg/mL) 33+6.3" 112+14.0 26+4.8" 12.3+415
Fibrinogen (mg/dL) 382.9+202.8" 264.8+220.7 422.6+180.5* 278.7+191.3
Antithrombin (%) 86.2+32.7" 66.5+32.2 84.9+26.7* 51.9+29.8
Protein C* (%) 90.0+48.5* 51.6+35.6 80.8+37.6 36.7+25.3
Protein S (%) 69.7£26.3" 57.1+24.6 ND ND
Protein Z (%) 14+08" 1.0+0.5 ND ND

The values are presented as the mean and standard deviation or number of patients and percentage in parentheses.
*Data on Protein C were missing in 2 patients without overt-DIC and in 1 patient with overt-DIC in part 1 of the study; 'P<0.05; ‘P<0.001 versus overt-DIC.

Abbreviations: PT, prothrombin time; aPTT, activated partial thromboplastic time; ND, not done; DIC, disseminated intravascular coagulation.

RESULTS

1. Diagnostic value screening of antithrombin, protein C,
protein S, and protein Z for DIC

In part 1 of the study, overt-DIC was diagnosed in 55 of the 126
patients according to the ISTH diagnostic criteria (Table 1).
There was no significant difference in age, gender, or clinical di-
agnosis between patients with and without overt-DIC. There was
a significant difference in platelet count, D-dimer, and fibrinogen,
but not in aPTT between patient groups. Plasma levels of the 4
anticoagulants, namely antithrombin, protein C, protein S, and
protein Z, were significantly lower in the overt-DIC patients than
in patients without overt-DIC. The AUCs (95%Cl) were 0.676
(0.586-0.758), 0.744 (0.657-0.818), 0.637 (0.546-0.722), and
0.633 (0.542-0.718) for antithrombin, protein C, protein S, and
protein Z, respectively. Among them, the AUCs between protein
C and protein Z showed significant difference (P<0.05) (Fig. 1).

2. Prognostic value validation of antithrombin and protein C
In part 2 of the study, overt-DIC was diagnosed in 542 of the
1,846 patients (Table 1). Antithrombin and protein C levels were
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Fig. 1. Receiver operating characteristic curve analyses and calcu-
lated values of area under the curves (AUC) for antithrombin, pro-
tein C, protein S, and protein Z for prediction of overt-disseminated
intravascular coagulation. The AUCs between protein C and protein
Z showed significant difference (P<0.05).
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also significantly lower in patients with overt-DIC (51.9+29.8,
36.7+25.3) than in patients without overt-DIC (84.9+26.7,
80.8+37.6) (P<0.001). To determine the relation of plasma an-
tithrombin and protein C levels with DIC severity, we analyzed
the mean values of antithrombin and protein C according to DIC

100 ¢ Il Antithrombin
Protein C
I
80
&
(&b
= 60 I
E % I
E I I
20
0
<3 4 5 6 >7
DIC score

Fig. 2. Relation of plasma antithrombin (black bars) and protein C
(gray bars) levels with disseminated intravascular coagulation (DIC)
scores. Error bars indicate 95% confidence intervals. As the DIC
score increases, both antithrombin and protein levels correspond-
ingly decrease (P<0.001).
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scores (Fig. 2). As the DIC score increased, both antithrombin
and protein C levels gradually decreased (P<0.001). The mean
levels of protein C were lower than those of antithrombin in pa-
tients with high DIC scores (P<0.001 for score 5, 6, and over 7).

To assess the changes in antithrombin and protein C levels
according to the underlying diseases, we divided the patient
population into 4 groups on the basis of the underlying disease;
sepsis/severe infection (n=824), solid tumor (n=364), hemato-
logic malignancy (n=332), and liver disease (n=326) (Fig. 3).
The median levels of both antithrombin and protein C in the
complete patient population were lower in non-survivors (59.0,
47.0) than in survivors (80.0, 67.0) (P<0.001). When analyzed
separately, antithrombin and protein C levels of non-survivors
were markedly lower in the liver disease group (35.5, 21.5)
compared to the other underlying diseases (59.0, 47.0 for sep-
sis/severe infection, 62.0, 52.0 for solid tumor, and 75.0, 64.0
for hematologic malignancy) (P<0.001). Similarly, antithrombin
and protein C levels were significantly lower in the liver disease
group (43.5, 30.0) than others (90.0, 83.0 for sepsis/severe in-
fection, 76.0, 61.0 for solid tumor, and 89.0, 74.5 for hemato-
logic malignancy) in survivors (P<0.001).

Kaplan—Meier survival analysis was performed to assess the
prognostic value of antithrombin and protein C levels (Fig. 4).
Cutoff values were set as the values at which the prognostic
power to predict 28-day mortality was highest. Patients with low
antithrombin levels (<63%) had a low cumulative survival rate

20 ¢ M Suwvivors
<0001 [ Non-survivors
200 - P=0.003
P=0.010
— 150 |
2
S _
g P=0.001
100
50
0 L
Sepsis/Severe Solid Hematologic Liver
infection tumor malignancy disease
(N=824) (N=364) (N=332) (N=326) e

Fig. 3. Changes in plasma levels of (A) antithrombin and (B) protein C according to the underlying diseases of 28-day mortality. The central
middle lines and boxes represent medians and interquartile ranges, respectively. The error bars indicate 95% confidence ranges.
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Fig. 4. Kaplan—Meier survival analysis stratified for (A) antithrombin and (B) protein C in all patients. The cutoff values were set as the val-
ues at which the prognostic power to predict 28-day mortality was highest.

Table 2. Cox regression analysis for predictors of 28-day mortality in all patients

Parameter All Sepsis/Severe infection Solid tumor Hematologic malignancy Liver disease
(N=1,846) (N=824) (N=2364) (N=332) (N=326)
Platelets 3.36% 4.47* 3.72* 6.45" 1.12
(<129%10°vs. >129x 10°1) (2.52-4.49) (2.88-6.95) (2.23-6.23) (1.57-26.55) (0.52-2.43)
Prothrombin time 3.72* 6.88* 2.26 4.36% 4.25
(>16.5vs. <16.5 sec) (2.88-4.80) (4.43-10.68) (1.43-3.59) (2.53-1.52) (1.50-12.06)
D-dimer 3.76* 4.71* 4.24* 1.61 21.15°
(>1.67 vs. <1.67 pg/mL) (2.76-5.13) (2.86-7.76) (1.94-9.27) (0.92-2.80) (2.90-154.42)
Fibrinogen 2.19* 4.76* 2.52* 1.32 1.99
(<223 vs. >223 mg/dL) (1.69-2.84) (2.97-7.62) (1.53-4.17) (0.70-2.48) (0.99-3.98)
Antithrombin 3.44* 6.38* 2.84* 2.85* 5.541
(<63 vs. >63%) (2.66-4.46) (4.11-9.91) (1.78-4.54) (1.65-4.92) (1.34-22.95)
Protein C 3.09* 6.30* 2.18" 341* 2,77
(<38vs. >38%) (2.41-3.95) (4.12-9.63) (1.36-3.51) (1.97-5.90) (1.23-6.27)

Values are expressed as hazard ratio (95% confidence interval) calculated by age- and sex-adjusted Cox regression analyses. The cutoff values of parame-

ters were set as the values at which the best prognostic value was produced.

*P<0.001; 'P<0.05.

compared to those with high antithrombin levels (>63%) (P<
0.001) (Fig. 4A). There was also a significant difference in the
cumulative survival rate between patients with low (<38%) and
high protein C levels (>38%) (P<0.001) (Fig. 4B). To validate
the prognostic value of antithrombin and protein C in each un-
derlying disease, age- and sex-adjusted Cox regression analyses
were performed (Table 2). In all patients, D-dimer showed the
highest hazard ratio (3.76; 95% Cl, 2.76-5.13), while fibrinogen
showed the lowest hazard ratio (2.19; 95% Cl, 1.69-2.84). The
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hazard ratios of antithrombin (3.44; 95% Cl, 2.66-4.46) and
protein C (3.09; 95% Cl, 2.41-3.95) were comparable to that of
platelet count (3.36; 95% Cl, 2.52-4.49). In the sepsis/severe
infection group, PT showed the highest hazard ratio (6.88; 95%
Cl, 4.43-10.68), while antithrombin (6.38; 95% Cl, 4.11-9.91)
and protein C (6.30; 95% Cl, 4.12-9.63) also showed superior
hazard ratios to D-dimer (4.71; 95% Cl, 2.86-7.76). In the he-
matologic malignancy group, the hazard ratio of the platelet
count was highest (6.45; 95% Cl, 1.57-26.55). In the liver dis-
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ease group, the hazard ratio of D-dimer was highest (21.15;
95% Cl, 2.90-154.42) and that of antithrombin was also high
(5.54; 95% Cl, 1.34-22.95).

DISCUSSION

This study demonstrated that plasma levels of 4 candidate anti-
coagulant proteins, namely antithrombin, protein C, protein S,
and protein Z, were significantly lower in the patients with overt-
DIC than in the patients without overt-DIC. Among these factors,
protein C showed highest diagnostic value for overt-DIC. Since
natural anticoagulants play an essential role in reducing hyperco-
agulation associated with DIC, plasma levels of anticoagulants
should decrease during active DIC. Besides its consumption by
the body, degradation of anticoagulants by elastase released from
activated neutrophils and impaired liver synthesis may also play
a role in reducing plasma anticoagulant levels [11]. The reduced
levels of anticoagulants may contribute to fibrin formation, result-
ing in aggravation of DIC. Many clinical trials on recombinant
thrombomodulin and activated protein C have been conducted
[2, 12], and our results support the role of anticoagulants in DIC.

Several studies have reported that plasma levels of antithrom-
bin and protein C are significantly lower in patients with poor
prognosis [3-5]. However, these results were based on a rela-
tively small number of patients. Our results demonstrate signifi-
cant prognostic value of antithrombin and protein C in a large
population consisting of 1,846 patients. This allowed us to vali-
date and clarify the prognostic value of antithrombin and protein
C, suggesting that these proteins may be useful as prognostic
markers in clinical practice.

Interestingly, our study showed that the prognostic value of
antithrombin and protein C were higher in patients with sepsis
and severe infection than in those with other underlying dis-
eases (Table 2). The triggering factor for coagulation activation
is known to differ depending on the underlying disorder of DIC.
Inflammatory cytokines and bacterial lipopolysaccharide (LPS)
mainly trigger the coagulation activation in sepsis [10], while TF
expressed by tumor cells initiates coagulation activation in ma-
lignancy [13]. In an LPS-induced DIC model, heavy inflamma-
tory responses occurred and more aggravated multi-organ fail-
ure was seen compared to TF-induced DIC [10, 14].

Since patients with liver disease have impaired coagulation
function due to reduced synthesis of coagulation factors and an-
ticoagulants, accurate diagnosis of overt-DIC can be difficult
[15]. The fibrin-related marker, D-dimer, was the best prognostic
marker of liver disease of all factors analyzed in our study. Com-

90

Choi Q, et al.
Antithrombin and protein C in DIC

pared to other markers such as platelet count, PT, and fibrino-
gen levels, the antithrombin level was found to have high prog-
nostic value. Therefore, antithrombin may be a suitable prog-
nostic marker of DIC especially in patients with liver disease.

Protein Z and protein Z-dependent protease inhibitor are a
newly characterized anticoagulant system [16]. Both factors
play a role in the rapid inactivation of factor Xa. To the best of
our knowledge, our study is the first to demonstrate that plasma
protein Z levels are significantly lower in patients with overt-DIC
compared to patients without overt-DIC. However, the diagnostic
value of protein Z for overt-DIC was significantly lower than that
of protein C (P<0.05). Considering that protein Z acts with pro-
tein Z-dependent protease inhibitor, simultaneous measurement
of protein Z-dependent protease inhibitors may be required for
accurate evaluation of DIC.

Protein C plays a role in preventing inflammatory responses
as well as in inhibiting coagulation activation [17]. The protein C
signaling pathway prevents apoptosis of endothelial cells, in-
creases endothelial barrier function, and selectively down-regu-
lates inflammatory genes. Therefore, protein C deficiency in DIC
may be predictive of aggravated inflammatory processes as well
as coagulopathy. Similarly, antithrombin also inhibits inflamma-
tory processes by downregulating thrombin, which induces vari-
ous inflammatory responses through stimulation of the nuclear
factor kappa-light-chain-enhancer of activated B cells [18].
Hence, antithrombin deficiency in DIC also aggravates the in-
flammatory response. Taken together, these results indicate that
both protein C and antithrombin deficiencies in DIC can pro-
mote inflammatory process of DIC through loss of their anti-in-
flammatory functions.

In summary, protein C exhibit best discriminating power for
overt-DIC among 4 candidate anticoagulant proteins. Antithrom-
bin and protein C related with DIC score and showed significant
prognostic power, especially in patients with sepsis/severe infec-
tion. Antithrombin also showed high prognostic value in patients
with liver disease.

In conclusion, since decreased plasma anticoagulant levels
reflect florid consumption of physiologic defense systems
against DIC-induced hypercoagulation, plasma antithrombin
and protein C levels may be powerful prognostic markers of
DIC, especially in patients with sepsis and severe infection.

Authors’ Disclosures of Potential Conflicts of
Interest

No potential conflicts of interest relevant to this article were re-

http://dx.doi.org/10.3343/alm.2014.34.2.85



Choi Q, et al.
Antithrombin and protein C in DIC

ported.

Acknowledgments

This research was supported by a grant from the Korean Health
Technology R&D Project, Ministry of Health and Welfare, Re-
public of Korea (A120814).

REFERENCES

1. Levi M, Toh CH, Thachil J, Watson HG. Guidelines for the diagnosis and
management of disseminated intravascular coagulation. British Com-
mittee for Standards in Haematology. Br J Haematol 2009;145:24-33.

2. Sawamura A, Gando S, Hayakawa M, Hoshino H, Kubota N, Sugano M.
Effects of antithrombin Il in patients with disseminated intravascular
coagulation diagnosed by newly developed diagnostic criteria for critical
illness. Clin Appl Thromb Hemost 2009;15:561-6.

3. Fourrier F, Chopin C, Goudemand J, Hendrycx S, Caron C, Rime A, et
al. Septic shock, multiple organ failure, and disseminated intravascular
coagulation. Compared patterns of antithrombin 1lI, protein C, and pro-
tein S deficiencies. Chest 1992;101:816-23.

4. Macias WL and Nelson DR. Severe protein C deficiency predicts early
death in severe sepsis. Crit Care Med 2004;32:5223-8.

5. Lauterbach R, Pawlik D, Radziszewska R, Wozniak J, Rytlewski K. Plas-
ma antithrombin Il and protein C levels in early recognition of late-onset
sepsis in newborns. Eur J Pediatr 2006;165:585-9.

6. Taylor FB Jr., Toh CH, Hoots WK, Wada H, Levi M, Scientific Subcom-
mittee on Disseminated Intravascular Coagulation of the International
Society on Thrombosis and Haemostasis (ISTH). Towards definition,
clinical and laboratory criteria, and a scoring system for disseminated
intravascular coagulation. Thromb Haemost 2001;86:1327-30.

7. Al-Shanqgeeti A, van Hylckama Vlieg A, Berntorp E, Rosendaal FR,
Broze GJ Jr. Protein Z and protein Z-dependent protease inhibitor. De-
terminants of levels and risk of venous thrombosis. Thromb Haemost

http://dx.doi.org/10.3343/alm.2014.34.2.85

10.

11.

12.

13.

14.

15.

17.

18.

ANNALS OF
LABORATORY
MEDICINE

2005;93:411-3.

. Steffano B, Forastiero R, Martinuzzo M, Kordich L. Low plasma protein

Z levels in patients with antiphospholipid antibodies. Blood Coagul Fi-
brinolysis 2001;12:411-2.

. Kawasugi K, Wada H, Hatada T, Okamoto K, Uchiyama T, Kushimoto S,

et al. Prospective evaluation of hemostatic abnormalities in overt DIC
due to various underlying diseases. Thromb Res 2011;128:186-90.
Kaneko T and Wada H. Diagnostic criteria and laboratory tests for dis-
seminated intravascular coagulation. J Clin Exp Hematop 2011;51:67-
76.

Levi M and Ten Cate H. Disseminated intravascular coagulation. N Engl
J Med 1999;341:586-92.

Maruyama |. Recombinant thrombomodulin and activated protein C in
the treatment of disseminated intravascular coagulation. Thromb Hae-
most 1999;82:718-21.

Chung S, Kim JE, Kim JY, Lee DS, Han KS, Kim HK. Circulating hepato-
cyte growth factor as an independent prognostic factor of disseminated
intravascular coagulation. Thromb Res 2010;125:6285-93.

Taylor FB, Haddad PA, Hack E, Chang AC, Peer GT, Morrissey JH, et
al. Two-stage response to endotoxin infusion into normal human sub-
jects: Correlation of blood phagocyte luminescence with clinical and
laboratory markers of the inflammatory, hemostatic response. Crit Care
Med 2001;29:326-34.

Kim SY, Kim JE, Kim HK, Kim [, Yoon SS, Park S. Higher prognostic val-
ue of soluble fibrin complexes than D-dimer and fibrin degradation
product for disseminated intravascular coagulation in patients with liver
cirrhosis. Blood Coagul Fibrinolysis 2013;24:150-6.

. Corral J, Gonzalez-Conejero R, Hernandez-Espinosa D, Vicente V. Pro-

tein Z/Z-dependent protease inhibitor (PZ/ZPI) anticoagulant system
and thrombosis. Br J Haematol 2007;137:99-108.

Esmon CT. Protein C anticoagulant system--anti-inflammatory effects.
Semin Immunopathol 2012;34:127-32.

Delekta PC, Apel IJ, Gu S, Siu K, Hattori Y, McAllister-Lucas LM, et al.
Thrombin-dependent NF-«B activation and monocyte/endothelial adhe-
sion are mediated by the CARMA3-Bcl10-MALT signalosome. J Biol
Chem 2010;285:41432-42.

www.annlabmed.org 91



