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Abstract
Introduction: The efficacy of antithrombin (AT) supplementation against septic disseminated intravascular coagulation (DIC)
may depend on various pre-existing factors, particularly the AT dose and multiple organ dysfunction severity. This study
aimed to identify the impactful factors for early DIC recovery.
Methods: Patients’ clinical records, including AT therapy and septic DIC data, were retrospectively extracted from January 2015
to December 2020. The patients were divided into those with early DIC recovery (n= 34) and those without (n= 37).
Multivariate logistic regression analysis determined significant independent factors. Time-to-event analysis confirmed how
these factors affected the DIC recovery time.
Results: The AT dose per patient body weight (odds ratio [95% confidence interval]: 2.879 [1.031-8.042], P= 0.044) and pre-
existing organ dysfunction severity (0.333 [0.120-0.920], P= 0.034) were significant independent factors affecting early DIC
recovery. A higher AT dose significantly shortened the DIC recovery time among patients with severe organ dysfunction (P<
0.01), but not among non-severe patients (P= 0.855).
Conclusion: The therapeutic efficacy of AT treatment for septic DIC might depend on the severity of pre-existing organ failure
and the AT dose per patient body weight.
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Introduction
Sepsis causes an excessive inflammatory response due to
immune system activation by infection. Excessive inflamma-
tion activates the host coagulation system. Amplification of
the inflammation leads to uncontrolled coagulopathy and mul-
tiple organ dysfunctions (MODs).1,2 Among patients with
sepsis, especially those with coagulation abnormalities, septic
disseminated intravascular coagulation (DIC) is associated
with worse outcomes.3 However, the effectiveness of DIC phar-
macotherapy in improving outcomes has not been consistent.
Therefore, DIC treatment recommendations in the surviving
sepsis campaign guidelines4,5 are controversial.

There are a few favorable clinical studies on the use of anti-
thrombin (AT) supplements for septic coagulopathy.6,7

However, the AT dose varied considerably in these studies.
Therefore, the appropriate AT dose for DIC remains to be deter-
mined. Previously, we reported that recombinant AT products,
AT-gamma (ACOALAN®, Kyowa Hakko Kirin, Tokyo,
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Japan), which can be administered per patient’s bodyweight (eg,
36 IU/kg/day), could more efficiently improve MODs and DIC
scores than plasma-derived AT concentrates (pAT), which
were administered at a fixed dose of 1500 IU/day.8 However,
the pAT dose per body weight was approximately 20% lower
than that of the AT-gamma. After adjustment by titer, the
pAT-equivalent dose in the AT-gamma group was significantly
higher than that in the pAT group. The dose difference indicated
that the amelioration of MODs might depend on the AT dose.
Iba et al. revealed that twice the dose of pAT, eg, 3000 IU/day,
might improve mortality compared to 1500 IU/day of pAT.9,10

However, no reports have described AT dose per patient body
weight. Therefore, it is necessary to evaluate the AT dose per
body weight therapeutic effect on DIC recovery.

Furthermore, Yamakawa et al. reported that the highly sus-
ceptible baseline sequential organ failure assessment (SOFA)
score for anticoagulant therapy in sepsis was between 13 and
17.11 In light of Yamakawa’s report, it is suggested that the
severity of MODs could affect the therapeutic efficacy of anti-
coagulants against DIC. However, the therapeutic effects of
both the baseline severity of MODs and AT dose per body
weight are uncertain. Therefore, this study aimed to identify
the pre-existing or therapeutic factors that could affect DIC
recovery and demonstrate how the identified factors affect clin-
ical efficacy.

Methods

Ethics Statement
This study was approved by the Institutional Review Board of
Sapporo Medical University Hospital (332-27), which waived
the requirement for informed patient consent because of the
anonymous nature of the data.

Patient Enrollment
This was a single-center retrospective observational study, and the
facility was a medical and surgical intensive care unit (ICU) at
Sapporo Medical University Hospital in Japan. Patients who
receivedAT supplement therapy for both acquired antithrombin defi-
ciency and sepsis-induced DIC during ICU stay from January 2015
to December 2020 were enrolled. We compared organ dysfunction
improvement between pAT and AT-gamma in patients with septic
DIC from January 2015 to October 2018.8 The present study popu-
lation overlaps with that of a past report8 to an extent (2015−2018).
Sepsis was diagnosed based on the Sepsis-3 criteria: organ dysfunc-
tion due to infection, as indicated by an increase in the SOFA score
by ≥2 points in any organ.12 We applied the Japanese Association
for Acute Medicine formulated DIC scoring system (JAAM-DIC)
to diagnose DIC and determine DIC recovery.

Patients who met the following criteria were excluded from
the study: (1) aged < 18 years; (2) hematopoietic disorders, such
as acute leukemia, myelodysplastic syndrome, aplastic anemia,
or having undergone hematopoietic stem cell transplantation;
(3) liver failure secondary to extended hepatectomy; (4) patients

who died within 48 h of the start of AT administration; and (5)
end-stage patients with dilated cardiomyopathy.

Treatment of DIC
AT concentrates and recombinant human soluble thrombomodulin-
alpha (rTM) (Recomodulin®, Asahi Kasei Pharma, Tokyo, Japan)
were prescribed as therapeutic agents for DIC. AT concentrates
were administered at approximately 50% or less of the plasma
AT level, according to our institutional protocol. The administra-
tion of rTM was initiated when the platelet count decreased to
approximately 50000/µL or less, or when the platelet count
declined sharply by ≥ 50% compared to the previous day.

The choice of AT concentrate and dose were at the discretion
of the individual ICU physicians. However, pATwas administered
at 1500 IU/day, regardless of patient body weight, for three con-
secutive days because of the public health insurance consensus
in Japan. In contrast, the AT-gamma dose is approved to be 36–
72 IU/kg body weight per day for 3–5 days. A considerable
number of patients were administered AT-gamma at 1800 IU/
day without consideration of the patient’s body weight. In some
patients, AT administration was terminated in less than 3 days
due to a remarkable improvement in organ damage and plasma
AT levels. In principle, concomitant unfractionated heparin was
avoided as a treatment for DIC; however, some patients were
administered heparin for the treatment of comorbidities, such as
venous thrombosis and chronic atrial fibrillation.

The principal care of sepsis was provided with reference to
various surviving sepsis campaign guidelines at the time of
treatment.

Data Collection
This study collected the following data: age, sex, body weight,
chronic comorbidities, acute physiology and chronic health evalu-
ation II (APACHE-II) score at admission, SOFA score at admis-
sion, source of sepsis infection, positive presence or absence of
blood culture, type and dose of AT preparation administered, mod-
ified SOFA (mSOFA) score (subtracted the central nervous system
score from the total SOFA score) for 7 consecutive days from the
start of AT administration, daily DIC positivity or negativity
depending on JAAM-DIC definition from the start of AT admin-
istration to 14 days later, concomitant administration of rTM and
heparin, renal replacement therapy, polymyxin-immobilized direct
hemoperfusion, and mechanical ventilation as combination
therapy. PlasmaAT values were collected from the AT administra-
tion initiation day to the fourth day. Hemorrhagic complications
were also observed during the period from the initiation of AT
administration to the seventh day. ICU and 28-day mortality
rates were also recorded.

For missing data related to mSOFA and DIC score calculations,
the last observed carried forward or the average value immediately
before and after the missing value was substituted. The day of DIC
recovery was defined as the first day when two consecutive days of
JAAM-DIC negativity were observed. The mSOFA score was
adopted because the central nervous system score of the SOFA
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was greatly affected by other treatments, such as tracheal intuba-
tion. Furthermore, an additional point for coagulation was added
to the coagulation score of the SOFA on the next day when platelet
concentrates were transfused.

Because the AT-gamma dose is 1.2 times higher than that of
pAT,13 the dose obtained by dividing the AT-gamma dose by
1.2 was used as the plasma-equivalent AT dose.

Statistical Methods
Data are expressed as mean± standard deviation if they were
normally distributed and as median (25-75% interquartile) if
they did not have a normal Gaussian distribution. The
Kolmogorov–Smirnov test was used to determine normality
of the distribution of continuous variables. A P-value < 0.05
was considered statistically significant.

Since the number of DIC recovery patients was closest to
half at 7 days after AT administration, the patients who recov-
ered by Day 7 were allocated to the recovery group and those
who did not recover by Day 7 were allocated to the non-
recovery group. The background characteristics between the
two groups were compared using the t-test, Mann–Whitney U
test, and Fisher’s exact test.

Univariate and multivariate logistic regression analyses were
performed to determine the clinically important relevant factors
involved in DIC recovery, such as concomitant DIC treatment,
MOD severity, JAAM-DIC score at the start of AT treatment,
and AT dose. To introduce the four independent variables in a mul-
tivariate logistic regression analysis, the sample size was calculated
to be more than 32 in the smaller group. Platelet counts overlap
both JAAM-DIC and mSOFA scores; therefore, another SOFA

score for sepsis-induced coagulopathy (SIC-SOFA),14 was
applied to avoid multicollinearity. The SIC-SOFA score is a sum
of the scores for four items: respiratory, cardiovascular, hepatic,
and renal scores. Since the total number of patients was small (N
=71), the daily plasma AT-equivalent AT dose per body weight
(pAT/BW), SIC-SOFA score, and JAAM-DIC score were
divided into two groups: higher or lower than the median.

The results were then stratified according to the derived
parameters of the background characteristics from the multivar-
iate logistic regression analysis. The effects of the AT dose on the
DIC recovery day and changes in the mSOFA score from Days 0–
7 were compared. The log-rank test was used for time-to-event
analysis for the DIC recovery day, and changes in the mSOFA
score were adopted by two-way repeated analysis of variance.
IBM SPSS Statistics, version 25 (IBM Corp., Armonk, NY,
USA) was used for statistical analyses.

Results
A flowchart of patient enrollment in this study is shown in Figure 1.
Of the 3823 patients admitted to the ICU in 6 years, 119 were treated
with AT. Forty-eight patients were excluded based on the exclusion
criteria. Finally, 71 patients were enrolled for analysis. The patients
were divided into two groups based on DIC recovery status on
Day 7: non-recovery (n=37) and recovery (n=34) groups.

Patient Characteristics
Patient backgrounds are shown in Table 1. Both groups were
statistically similar in terms of age, sex, body weight, and
APACHE II and SOFA scores at ICU admission. Similarly,

Figure 1. Selection schema of the enrolled patients. ICU, intensive care unit; DIC, disseminated intravascular coagulation; AT, antithrombin.
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there were no statistical differences in primary infection sites and
percentages of positive blood cultures between the two groups.
Furthermore, there were no statistically significant differences
in concomitant treatments between the groups. However, the per-
centage of renal replacement therapy in the recovery group
(61.8%) tended to be lower than that in the non-recovery group
(83.8%; P= 0.059). Furthermore, the SIC-SOFA score in the
recovery group (7 [IQR 4-8]) was significantly smaller than
that in the non-recovery group (9 [IQR 6-11]; P= 0.010).

Comparison of AT Related Variables in Both Groups
Table 2 shows various AT-related variables and outcomes, such as
the maximum plasma AT level, pAT/BW, accumulated plasma AT,
AT administration duration, total AT dose during the administration
period, and ICU survival. There were no significant differences in
the baseline plasma AT levels, pAT/BW, percentage of plasma
AT products, AT administration duration, total pAT/BW, and hem-
orrhagic complications. However, the AT administration duration in
the recovery group (3 [IQR 2-3]) tended to be shorter than that in the
non-recovery group (3 [IQR 3-3]; P=0.056). Maximum plasma
AT levels in the recovery group (92.9±21.1) were significantly
higher than those in the non-recovery group (82.1±13.9; P=
0.015). Additionally, the area under the curve of plasma AT
levels during days 0–4 was significantly different between the
groups (recovery group, 348.3±60.1 vs non-recovery group,
317.7±54.6; P=0.028). The recovery group had significantly
more 28-day ICU-free days (recovery group, 20 [IQR 16-22];
non-recovery group, 14 [IQR 0-20]; P < 0.001), a higher ICU
discharge rate (recovery group, 100%; non-recovery group,
78.4%; P=0.005), and a higher 28-day survival rate after ICU
admission (recovery group, 97.1%; non-recovery group, 78.4%; P
=0.029).

Risk Factors Associated with Recovery from DIC
Table 3 shows the results of logistic regression analyses based
on four clinically relevant parameters: pAT/BW, JAAM-DIC
score, SIC-SOFA score, and concomitant rTM supplement.
According to the median pAT/BW (27.73 IU/kg), patients
were divided into lower- and higher-dose groups. The pAT/
BW in the lower- and higher-dose groups were 23.28± 3.32
and 31.43± 3.82 IU/kg, respectively. Similarly, the median
JAAM-DIC and SIC-SOFA scores were 5 and 8, respectively.

The SIC-SOFA score at Day 0 was identified as a significant
variable affecting DIC recovery on Day 7 (SIC-SOFA score, P
= 0.046) in a univariate logistic regression model. A multivariate
logistic regression model was used to select the following varia-
bles: pAT/BW above or below the median and SIC-SOFA
score above or below the median. Based on the multivariate
logistic regression analysis, pAT/BW above or below the
median and SIC-SOFA score above or below 8 were indepen-
dently and significantly associated with DIC recovery on Day 7
(pAT/BW, [95% confidence interval: 1.031-8.042]; SIC-SOFA,
[0.120-0.920]).

Relationship of AT Dose with DIC Recovery Time
The time-to-event analysis of DIC recovery is shown in Figure 2.
In the severe group, which included patients whose SIC-SOFA
scores were > 8, the DIC recovery time in the higher-dose group
was significantly shorter than that in the lower-dose group
(log-rank test, P < 0.001). In contrast, pAT/BW did not affect
DIC recovery time in the non-severe group (P= 0.855).

Effect of AT Dose on Changes in mSOFA Score
Changes in the mSOFA score following AT administration are
shown in Figure 3. The higher AT doses tended to decrease
mSOFA scores faster than did the lower doses; however, the
difference was not significant (P= 0.067) in the severe group
(SIC-SOFA score ≥ 8). In contrast, in the non-severe group
(SIC-SOFA score < 8), mSOFA scores showed a similar
decrease between the two AT dose groups (P= 0.783).

Discussion
The present study aimed to evaluate the importance of the
titrated AT dose per patient body weight in early DIC recovery.
We identified two relevant factors associated with early DIC
recovery. DIC recovery by Day 7 was significantly related to
the AT dose per body weight and SIC-SOFA score on Day
0. Time-to-event analysis revealed that compared with a
lower AT dose, a higher AT dose significantly shortened the
DIC recovery time in the severe group. In contrast, no differ-
ence in DIC recovery time was observed in the non-severe
group. Similarly, in the severe group, a higher AT dose
decreased the mSOFA score faster than a lower AT dose;
however, the difference was not significant. In contrast, in the
non-severe group, the DIC recovery time and the transition of
the SOFA score were not significantly different between the
two AT groups. In brief, a sufficient AT dose adjusted for
patient body weight could provide more remarkable therapeutic
efficiency for DIC recovery in septic DIC patients with severe
organ failure.

It is well known that inflammation and coagulation play
important reciprocal roles in sepsis.1,2 AT has an anticoagulant
effect by regulating thrombin, factor Xa, and factor XIa.
Moreover it has an anti-inflammatory effect via several mecha-
nisms. AT binds heparan sulfate on vascular endothelial cells,
which is followed by the production of prostacyclin
(PGI2).15,16 This local increase in prostacyclin suppresses the
adhesion of activated platelets and neutrophils to vascular endo-
thelial cells and produces inflammatory cytokines.
Additionally, AT reduces neutrophil migration, inflammatory
cytokine production, and chemokine receptor expression,
resulting in anti-inflammatory action. The anti-inflammatory
and anticoagulant effects suppress hypercoagulopathy. These
complementary features can promote DIC recovery and halt
the progression of severe organ failure. On the other hand,
since the fibrinolysis data were not collected in this study, the
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triadic relationship between AT, fibrinolysis, and attenuation of
organ damage remains unknown.

Regarding the relationship between AT dose and DIC recov-
ery, Iba et al. showed that the DIC recovery rate on the seventh
day in the 3000 IU/day group was better than that in the 1500
IU/day group.10 Nonetheless, there are no reports focusing on
the relationship between AT dose per body weight and DIC
recovery. In a previous study comparing pAT and
AT-gamma, AT-gamma provided a consecutive improvement
in JAAM-DIC and mSOFA scores.8 However, in comparison
with pAT, AT-gamma exhibited a significantly higher
plasma-equivalent AT dose per body weight. These findings
led to the hypothesis that a sufficient amount of AT, considering
patient body weight, might mitigate septic DIC, particularly in
obese or well-built patients. The present study also demon-
strated that the AT dose considering patient body weight
could affect the DIC recovery time.

The current study demonstrated that the two AT dose groups
did not significantly differ in DIC recovery time in the non-
severe MOD group. The severe MOD group showed that a

higher AT dose significantly shortened DIC duration and possi-
bly improved the mSOFA score faster than a lower dose. These
findings indicate that the efficacy of AT treatment for septic
DIC might vary with the severity of organ failure. Non-severe
patients had less hypercoagulation and/or hyperinflammation.
Thus, AT supplementation might not greatly affect DIC recov-
ery and the improvement of organ failure. There have been
several reports on the SOFA score at the start of DIC treatment.
Yamakawa et al. reported that anticoagulation therapy against
DIC significantly improved the outcome in the 13–17 points
SOFA score group. In contrast, the other score groups did not
show a significant difference in survival benefit.11

Additionally, Kawano et al. revealed that the survival benefit
of rTM for infectious DIC deteriorated as the SOFA score
increased. Furthermore, according to ROC curve analysis, the
best SOFA score for predicting therapeutic effect was 10.17

These reports nearly coincide with our result that a
SIC-SOFA score ≥ 8 is an independent factor for early recovery
from DIC. In other words, the SOFA score may be an important
determinant of the therapeutic effectiveness of DIC treatment.

Table 1. Baseline Characteristics of the Enrolled Patients.

All patients n= 71

Comparison of DIC recovery at Day 7

Non-recovery group n= 37 Recovery group n= 34 P value

Age years 66.8± 13.6 68.9± 9.6 64.6± 16.8 0.193
Sex, male n (%) 37 (52.1) 22 (59.5) 15 (44.1) 0.239
Body weight kg 63.3± 13.2 65.0± 14.6 61.5± 11.4 0.257
APACHE-II score on ICU admission 23 [19–26] 23 [21–27] 23 [18–26] 0.761
SOFA score on ICU admission 9 [7–11] 10 [8–11] 8 [6–11] 0.200
Primary infection site

Abdomen n (%) 34 (47.9) 21 (56.7) 13 (38.2) 0.155
Lung/Chest n (%) 15 (21.1) 9 (24.3) 6 (17.6) 0.569

Kidney/Urinary tract n (%) 19 (26.8) 7 (18.9) 12 (35.3) 0.180
Soft tissue/Bone/CNS n (%) 8 (10.3) 2 (5.4) 6 (17.6) 0.141

Unknown n (%) 3 (4.2) 2 (5.4) 1 (2.9) 1.000
Positive blood culture n (%) 34 (47.9) 17 (46.0) 17 (50.0) 0.814
Severe comorbidity

Congestive heart failure n (%) 2 (2.8) 1 (2.9) 1 (2.8) 1.000
Chronic respiratory disorder n (%) 1 (1.4) 0 (0) 1 (2.8) 1.000

Hepatic cirrhosis/Liver insufficiency n (%) 4 (5.6) 2 (5.7) 2 (5.6) 1.000
Chronic kidney disease n (%) 5 (7.0) 3 (8.6) 2 (5.6) 0.674
Severe diabetes mellitus n (%) 8 (11.3) 3 (8.6) 5 (13.9) 0.710

Hematologic tumor n (%) 4 (5.6) 4 (11.4) 0 (0) 0.116
Immunosuppression n (%) 21 (29.6) 12 (34.3) 9 (25.0) 0.443

None n (%) 22 (31.0) 9 (24.3) 13 (38.2) 0.443
Concomitant treatment

recombinant Thrombomodulin n (%) 42 (59.1) 21 (56.8) 21 (61.8) 0.810
Heparin n (%) 15 (21.1) 6 (16.2) 9 (26.5) 0.386

PMX-DHP n (%) 16 (22.5) 9 (24.3) 7 (20.6) 0.781
Renal replacement therapy n (%) 52 (73.2) 31 (83.8) 21 (61.8) 0.059

Mechanical ventilation n (%) 57 (80.3) 32 (86.5) 25 (73.5) 0.235
JAAM-DIC score at Day 0 5 [4–7] 6 [5–7] 5 [4–7] 0.212
SIC-SOFA score at Day 0 8 [5–9] 9 [6–11] 7 [4–8] 0.010

AT, antithrombin; DIC, disseminated intravascular coagulation; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, sequential organ failure
assessment; CNS, central nervous system; PMX-DHP, polymyxin B-direct hemoperfusion; JAAM-DIC, Japanese Association for Acute Medicine DIC criteria;
SIC-SOFA, sepsis-induced coagulopathy sequential organ failure assessment—total of four organ scores (respiratory, cardiovascular, hepatic, renal SOFA score);
ICU, intensive care unit. Data are expressed as number (%), mean± standard deviation, or median [25% interquartile range–75% interquartile range]
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In the future, appropriate severity stratification, such as the
SOFA score, might be required to assess the therapeutic effi-
cacy of septic DIC treatment.

During sepsis, intracellular proteins, such as high-mobility
group box 1 (HMGB-1), histones, and nucleosomes, known as
damage-associated molecular patterns (DAMPs), are released
extracellularly. These cause neutrophil extracellular traps.
Thus, DAMPs activate immune cells, and the consequent inflam-
matory response is self-enhanced.18 DAMPs also have a procoa-
gulant effect.19 Therefore, DAMPs play a critical role in the
pathogenesis of DIC.20 In previous studies, the blood HMGB-1
concentration correlated with the SOFA score and DIC occur-
rence.21 Furthermore, Yokoyama et al. reported an association
between blood histone H3 levels and multiple organ failure in
ICU patients.22 Therefore, DAMPs play a critical role in organ
failure associated with sepsis. Thus, it has been suggested that
modulation of DAMPs may be the key to manage MODs
caused by sepsis. However, little is known about whether AT
can regulate DAMPs. In animal studies, high AT doses have
been reported to neutralize HMGB-1.23 Additionally, Iba et al.
demonstrated that AT-gamma protects against histone-induced
damage of vascular endothelial cells.24 It has been reported
that AT and rTM combination therapy regulates leukocyte necro-
sis and reduces DAMPs, such as histone H3 and cf-DNA, in the
blood in lipopolysaccharide-induced rat sepsis models.25 Thus,

AT supplementation might be a potential option to counteract
the deleterious effects of DAMPs. Future studies should investi-
gate whether AT supplementation can reduce DAMP toxicity in
septic DIC.

Whether combination treatment with AT and rTM is viable,
remains controversial. AT and rTM exhibit similar anti-
inflammatory effects and anti-coagulation features via thrombin
conjugation.16,26 However, rTM-thrombin complex activates
protein C, and inactivation of Va and VIIIa inhibits further throm-
bin production,27 which is separate from the inhibition of Xa and
Xia caused by AT. Moreover, it was demonstrated that activated
protein C can degrade histones H3 and H4,28 therefore, rTM can
reduce the damage induced by histones.29 Therefore, we antici-
pated that the simultaneous administration of AT and rTM
would exhibit additive and synergistic effects. In the present
study, however, contrary to the theoretical understanding, combi-
nation treatment with rTM did not effectively contribute to early
DIC recovery. Similarly, using data extracted from the Japanese
Diagnosis Procedure Combination database, Umegaki et al. retro-
spectively compared the efficacy of AT alone and AT+ rTM in
septic DIC patients who were ventilated. They concluded that
AT+ rTM combination therapy did not improve the prognosis
more than AT monotherapy.30 In a similar retrospective study
using the DPC database, Suzuki et al. assessed rTM alone
versus rTM+AT in patients with DIC due to severe

Table 2. Antithrombin related Variables and Outcomes.

All patients n= 71

Comparison of DIC recovery at Day 7

Non-recovery group
n= 37

Recovery group
n= 34 P value

plasma AT level at Day 0 % 41.3± 9.1 40.7± 7.2 42.1± 11.0 0.519
pAT-equivalent AT dose/body weight IU/kg/day 27.4± 5.4 26.6± 6.0 28.3± 4.7 0.189
1500 IU/day of plasma AT product administration n (%) 28 (39.4) 15 (40.5) 13 (38.2) 1.000
AT administration duration days 3[2-3] 3 [3 - 3] 3 [2- 3] 0.056
Total pAT-equivalent AT dose/body weight IU/kg 63.3± 13.2 71.9± 24.7 65.4± 27.8 0.307
Maximum plasma AT levels during Days 0–7 % 87.3± 18.4 82.1± 13.9 92.9± 21.1 0.015
AUC of plasma AT levels during Days 0–4 % 332.4± 59.0 317.7± 54.6 348.3± 60.1 0.028
Complications and clinical outcomes

Hemorrhagic complications n (%) 11 (15.5) 6 (16.2) 5 (14.7) 1.000
28-day ICU free days days 18 [9–21] 14 [0–20] 20 [16–22] < 0.001
ICU survival discharge n (%) 63 (88.7) 29 (78.4) 34 (100) 0.005

28-day survival after ICU admission n (%) 62 (87.3) 29 (78.4) 33 (97.1) 0.029

AT, antithrombin; DIC, disseminated intravascular coagulation; pAT, plasma-derived antithrombin; AUC, area under the curve; ICU, intensive care unit.

Table 3. Risk Factors Associated with DIC Recovery at Day 7.

Univariate OR (95% CI) P value Multivariate OR (95% CI) P value

Plasma-equivalent AT dose/BW ≥27.73 IU/kg/day (vs <27.73) 2.369 (0.913-6.148) 0.076 2.879 (1.031-8.042) 0.044
JAAM-DIC score ≥6 (vs <6) at Day 0 0.533 (0.208-1.370) 0.191 0.464 (0.168-1.280) 0.138
SIC-SOFA score ≥8 (vs <8) at Day 0 0.377 (0.144-0.983) 0.046 0.333 (0.120-0.920) 0.034
recombinant thrombomodulin supplement (vs no supplement) 1.231 (0.476-3.181) 0.668 … …

DIC, disseminated intravascular coagulation; OR, odds ratio; CI, confidential interval; AT, antithrombin; BW, body weight; JAAM-DIC, Japanese Association for
Acute Medicine DIC criteria; SIC-SOFA, sepsis-induced coagulopathy-sequential organ failure assessment—total of four organ scores (respiratory, cardiovascular,
hepatic, renal SOFA score).
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community-acquired pneumonia and found no benefit of combi-
nation therapy.31 Furthermore, Umemura et al. found equivalent
efficacy and similar in-hospital mortalities between monotherapy
and combination therapy. They performed a propensity score-
adjusted comparison using nationwide retrospective cohort
data.32 In contrast, Iba et al.33 obtained favorable findings for
combination therapy, using propensity score matching from
multi-institutional post-marketing surveillance data. The pharma-
cological rationale for combination therapy has been demon-
strated in various animal experiments mentioned above.
However, the discrepancies between these results have not been
elucidated. The present results cannot reveal the difference in effi-
cacy between AT and rTM. That is because the administrating

principles for each drug are different. A possible explanation
for the rTM ineffectiveness could be that rTM was administered
to patients with a markedly low platelet count; therefore, severe
thrombocytopenia at intervention could have delayed DIC score
improvement.

This study had several limitations. First, two groups of AT
administered patients, in which either the plasma-derived AT
product or the rAT product was administered, were enrolled.
A phase 3 trial by Endo et al. compared the therapeutic efficacy
between both AT products under strictly controlled equivalent
doses. Their efficacies were quite similar;34 therefore, the
present study was conducted using mixed AT products. In the
future, prospective observational studies on the AT dose

Figure 2. Kaplan–Mayer curves of DIC recovery according to pAT/BW. Probability of DIC recovery curves after AT product administration
are shown in the two SIC-SOFA groups. (A) Non-severe group, SIC-SOFA score <8; (B) Severe group, SIC-SOFA score ≥8. DIC, disseminated
intravascular coagulation; AT, antithrombin; pAT/BW, plasma AT-equivalent AT dose per body weight per day; SIC-SOFA, sepsis-induced
coagulopathy associated sequential organ failure assessment score.

Figure 3. Changes in mSOFA scores according to pAT/BW. Changes in mSOFA scores after AT product administration are shown in the two
SIC-SOFA groups. (A) Non-severe group, SIC-SOFA score <8 at day 0; (B) Severe group, SIC-SOFA score ≥8 at Day 0. mSOFA, modified
sequential organ failure assessment, which is a sum of five organ scores (lung, coagulation, hepatic, cardiovascular, and renal scores); SIC-SOFA,
sepsis-induced coagulopathy associated SOFA score, which is a sum of four organ scores (lung, hepatic, cardiovascular, and renal scores); AT,
antithrombin; pAT/BW, plasma AT-equivalent AT dose per body weight per day.
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using AT-gamma, which can be set in the range of 36–72 IU/kg/
of body weight, are warranted. Second, this was a single-center,
retrospective observational study, and the major problems were
selection bias and the small number of enrolled patients. Third,
the DIC treatment policy at our institution may have had a
strong impact on the results. In this study, rTM administration
did not reduce the duration of DIC. However, the enrolled
patients were AT-administered patients whose AT levels had
decreased to approximately 50%. Furthermore, patients
treated with rTM alone were excluded from the study.
Therefore, the present results should be limited to low anti-
thrombin activity in patients with septic DIC, and we can con-
sider that with concurrent rTM treatment there may be some
influence on the progression of septic DIC. It would be better
to conceive that rTM does not necessarily indicate that it is inef-
fective for DIC. Fourth, based on the results of the present
study, we could not clarify the mechanisms of DIC recovery
and organ failure improvement from the perspective of the fibri-
nolytic function. Therefore, fibrinolytic function should be
investigated in a future clinical study.

Conclusion
Both the organ failure score and an appropriate AT dose consid-
ering patient body weight could be independent factors influenc-
ing early DIC recovery in patients with sepsis. Additionally, it
was demonstrated that DIC recovery differed between the two
AT dose groups with severe MODs. Thus, the efficacy of AT
supplementation against septic DIC might depend on the severity
of MODs and an appropriate AT dose. In other words, the AT
dose for septic patients with DIC who present with severe
MOD should be carefully determined in clinical practice.

However, this was a single-center retrospective study; there-
fore, it has insufficient statistical robustness. Multicenter ran-
domized trials are required to confirm the AT dose benefit
stratified by organ failure severity.
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