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Purpose: Few reports have been made on the therapeutic effects as well as patho-
logical features of an antithrombin preparation in patients diagnosed with septic
disseminated intravascular coagulation (DIC) by the diagnostic criteria for acute
DIC. Materials and Methods: A total of 88 sepsis patients who had received in-
patient hospital care during the period from January 2000 through December 2008
were divided into two groups, an antithrombin group and a non-antithrombin
group, to study the outcomes. Furthermore, the relationship between sepsis-related
factors and DIC in 44 patients was studied. Results: The antithrombin group con-
tained 34 patients, and the non-antithrombin group contained 54 patients. The out-
comes were significantly better in the antithrombin group. The levels of protein C
were low in DIC patients. Conclusion: Our results suggest that early administra-
tion of antithrombin might improve outcomes of septic DIC patients in the diag-
nostic criteria for Japanese Association for Acute Medicine acute DIC.
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INTRODUCTION

Disseminated intravascular coagulation (DIC) is classified into 3 types depending
on the fibrinolytic stage: fibrinolytic inhibitor DIC in septic shock; fibrinolysis-
dominant DIC in hemorrhagic shock; and fibrinolysis hyperpermeability DIC in
patients with solid tumors.! The incidence of fibrinolytic inhibitor DIC in sepsis
patients is high, and the outcome is poor.? The first treatment goal in cases of DIC
is treatment of the underlying disease. Anticoagulant drugs, such as heparin, are
used to blunt the pathological coagulation activation in DIC. As the effect of hepa-
rin is achieved via antithrombin, for cases in which antithrombin (AT) activity is
depressed, the administration of an AT preparation is recognized as a treatment
method. Recently, recombinant thrombomodulin, which has an anticoagulant ef-
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fect through protein C, was developed and introduced in Ja-
pan. The Society of Critical Care Medicine developed the
Surviving Sepsis Campaign guidelines in 2004* and revised
them in 2008.* These guidelines exclusively recommended
activation protein C° as a therapeutic medication for septic
DIC. There have, however, been conflicting reports on the
efficacy of recombinant human activated protein C (APC),
or drotrecogin alfa (activated) (DrotAA), for the treatment
of patients with septic shock. A recent randomized, double-
blinded, placebo-controlled, multi-center trial showed that
DrotAA did not significantly reduce mortality at 28 or 90
days.® In the present study, we evaluated the efficacy of the
AT preparation in septic DIC patients.

MATERIALS AND METHODS

The subjects were 88 sepsis patients treated in emergency
and critical care department during the period from Janu-
ary 2000 through December 2008. They were divided into
2 groups, an AT preparation administration group and a
non-AT preparation administration group, in order to com-
pare the outcomes. All patients were treated based on the
judgment of the doctor in charge, and none of the patients
had hemorrhagic tendencies. The AT-treated patients re-
ceived an intravenous loading dose of 1500 to 3000 IU per
day for 3 to 5 days. And abnormality in coagulation factor
was recognized in most of the treated cases (platelet was
120000/mm?* or less, prothrombin time ratio was 1.2 or more,
fibrin/fibrinogen degradation productsfibrin/fibrinogen
degradation products was 10 ug/mL or more) and AT was
80% or less.

A sub-group analysis for the patients diagnosed with DIC
was conducted according to the diagnostic criteria of the Jap-
anese Association for Acute Medicine,” and the outcomes of
both groups were compared. In addition, as sepsis-related
factors, high mobility group box protein 1 (HMGB1), plas-

minogen activator inhibitor (PAI-1), protein C, endogenous
cannabinoid N-arachidonoylethanolamine (AEA) and 2-ara-
chidonoyl glycerol (2-AG) were measured in 44 patients.
We used the Multiplex suspension array system (Bio-Plex™,
Berkeley, CA, USA) to measure the expression levels of 17
cytokines, thereby evaluating the characteristics of DIC pa-
tients. A statistical analysis was conducted by using the t-
test and Kaplan-Meier survival curves, with p values less
than 0.05 indicating a significant difference.

RESULTS

The subject group consisted of 58 men (65.9%) and 30
women (34.1%) with a mean age of 64.1+13.7 years. The
mean score on the Acute Physiology and Chronic Health
Evaluation (APACHE) II® was 24.0+9.2, and the mean sep-
sis-related organ failure assessment (SOFA) score’ was
10.644.5. Although the results of a comparison of the back-
ground factors between the two groups did not reveal any
differences in the APACHE 1II score or the SOFA score, the
Japanese Association for Acute Medicine (JAAM) acute
DIC score was significantly higher in the AT group than in
the non-AT group (Table 1). Also, the AT group had a signif-
icantly better outcome than the non-AT group (p=0.0066)
(Fig. 1).

According to the results of a sub-group analysis of the
group of patients that met the diagnostic criteria for DIC set
by the Japanese Association for Acute Medicine, the group
that received AT had a better outcome than the group that
did not receive AT (p=0.0031) (Fig. 2).

With respect to the relationship between sepsis-related
factors, cytokines and DIC patients, the protein C level was
significantly reduced in DIC patients (p=0.0097) (Fig. 3).
There were no significant differences in PAI-1, HMGBI,
AEA, or 2-AG between the two groups. With respect to the
17 cytokines that were measured, the levels of IL-5 and IL-7

Table 1. Patient Characteristics an AT Preparation Administration Group and a Non AT Preparation Administration Group

Characteristic AT-III group Non-AT-III group p value
Number of patients 34 54

Sex (male/female) 22/12 36/18 NS
Age (yrs; mean+SE) 64.2+13.4 64.0+£14.1 NS
APACHE II score (mean+SE) 25.5+8.6 23.1+9.5 NS
SOFA score (mean+SE) 11.0+4.0 11.1+4.8 NS
DIC score 4.7+£1.6 37824 0.0288
Outcome (survived/expired) 25/9 23/31 0.0045

AT, antithrombin; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, sepsis-related organ failure assessment; DIC, disseminated intravascu-

lar coagulation.
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Fig. 1. Survival rate. Among sepsis patients, outcomes in the AT-lll group
were significantly better (p=0.0066). AT, antithrombin.

Normal dose of AT (1500-3000 |U/daysx3-5 days)

1.0+

0.8
[
= 064
§ AT group
E ol
@ Non-AT group

02- ¢

04 All cases were treated without heparin

T T T T T T \ T T T
0 0 20 30 40 5 60 70 80 90

Days

Fig. 2. Survival rate in septic DIC cases. Among septic DIC patients, out-
comes in the AT-II group were significantly better (p=0.0031). AT, antithrom-
bin; DIC, disseminated intravascular coagulation.
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Fig. 3. Protein C. The value of protein C was significantly low in DIC patients
(p=0.0097). DIC, disseminated intravascular coagulation.

were significantly reduced in DIC patients (data not shown).

DISCUSSION

Depending on the fibrinolytic stage, DIC patients manifest
clearly different clinical symptoms and laboratory findings.
For many years, the diagnosis of DIC has been based on
the criteria of the Ministry of Health, Labour and Welfare in
Japan’ and the International Society on Thrombosis and
Haemostasis (ISTH).!® In particular, the diagnostic criteria
for DIC from the Ministry of Health, Labour and Welfare
in Japan have shown high sensitivity and specificity in the
detection of fibrinolysis hyperpermeability DIC in patients
with solid tumors." Since DIC in the field of acute medicine
progresses very quickly, as does the fibrinolytic inhibitor
DIC in sepsis patients, it is necessary to make a diagnosis
promptly without the need of special tests. In this context,
the diagnostic criteria for acute DIC were reported by the
JAAM in 2005.” With regard to these diagnostic criteria for
acute DIC, the relationship between the APACHE II score,
the SOFA score, and the correlation with the outcome in
septic shock cases have been reported.* The JAAM DIC
score serves as a useful, simple and easy tool to identify the
severity of sepsis. When early diagnosis becomes possible
by means of a simple, easy and prompt DIC score, then an
effective post-diagnostic treatment method becomes indis-
pensable.

APC was recommended in the Surviving Sepsis Cam-
paign guidelines? as a therapeutic medication for sepsis.
APC inhibits excessive activation of the coagulation sys-
tem, and it is believed to serve as an effective therapeutic
medication for septic DIC. However, this treatment is not
currently authorized in Japan, and the company that manu-
factured APC announced the withdrawal of its APC prod-
uct from all markets following the results of a recent pro-
spective study of recombinant APC.'

It has been confirmed that the AT-III activity level in the
blood is significantly reduced in patients with septic DIC.
As a result, double-blind tests have been performed in the
belief that supplementation of AT-III in patients with septic
DIC would improve the outcomes of sepsis.!* The main re-
sults included: positive outcomes were achieved in the AT-
I administration group, although no significant differences
were revealed by meta-analysis; a significantly shortened
ICU stay; and an improved survival rate for patients who
also experienced septic shock. In the present study, the pa-
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tients received either an intravenous loading dose of 3000
IU AT-III followed by a maintenance dose of 1500 IU ev-
ery 12 h for 5 days or equivalent amounts of placebo. The
above treatment AT-IIT dose is similar to our manuscript
treatment dose. A controlled double-blinded, randomized,
multicenter study showed that high-dose (total dose, 24000
TU) AT-III replacement therapy in patients with sepsis and/
or postsurgical complications decreased the risk of death.!
A systemic review of three randomized clinical trials showed
that the combined odds ratio for short-term all-cause mor-
tality in those who received antithrombin was 0.649." An-
other study showed that adjusted therapy with antithrombin
was costly, but was associated with a reduction of total cost
of care for patients with diffuse secondary peritonitis.'¢

In a previous paper, high-dose antithrombin without con-
comitant heparin in septic patients with DIC resulted in a
significant mortality reduction, and it was concluded that
the adapted ISTH DIC score could be used to identify pa-
tients with severe sepsis who would potentially benefit from
high-dose antithrombin treatment.” In the present retrospec-
tive study of 88 sepsis patients, significant improvements in
outcomes were shown; the efficacy of antithrombin treat-
ment was prominent particularly in DIC patients. There-
fore, it is highly possible that AT-III improves the outcome
of patients with septic DIC. Additionally, our study showed
that the JAAM DIC score may identify patients with sepsis
who could potentially benefit from normal-dose antithrom-
bin treatment.

In conclusion, the findings of this study suggest that early
administration of antithrombin might improve the outcomes
of septic DIC patients who are classified according to the
diagnostic criteria for acute DIC.
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