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Abstract

Optimizing diagnostic criteria to detect specific patients likely to benefit from anticoagulants is warranted. A cutoff of 5 points for
the International Society on Thrombosis and Haemostasis overt disseminated intravascular coagulation (DIC) scoring system was
determined in the original article, but its validity was not evaluated. This study aimed to explore the optimal cutoff points of DIC
scoring systems and evaluate the effectiveness of early intervention with anticoagulants. We used a nationwide retrospective
registry of consecutive adult patients with sepsis in Japan to develop simulated survival data, assuming anticoagulants were
conducted strictly according to each cutoff point. Estimated treatment effects of anticoagulants for in-hospital mortality and risk of
bleeding were calculated by logistic regression analysis with inverse probability of treatment weighting using propensity scoring.
Of 2663 patients with sepsis, 1247 patients received anticoagulants and 1416 none. The simulation model showed no increase in
estimated mortality between 0 and 3 cutoff points, whereas at >4 cutoff points, mortality increased linearly. The estimated
bleeding tended to decrease in accordance with the increase in cutoff points. The optimal cutoff for determining anticoagulant
therapy may be 3 points to minimize nonsurvival with acceptable bleeding complications. The findings of the present study
suggested a beneficial association of early intervention with anticoagulant therapy and mortality in the patients with sepsis-induced
DIC. Present cutoff points of DIC scoring systems may be suboptimal for determining the start of anticoagulant therapy and delay
its initiation.
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Background

In the pathophysiology of sepsis, hemostatic abnormalities
arise through the activation of inflammatory responses and

vascular endothelial cell injury, which play critical roles in
inducing organ dysfunctions and subsequent death.'* Accord-
ing to these theoretical mechanisms, anticoagulant therapies
are expected to be beneficial in the treatment of sepsis, but
most have failed in the past randomized control trials.”” How-
ever, several exploratory analyses reported that anticoagulant
therapies might be beneficial when focused on certain specific
subpopulations in sepsis.*'! We previously reported that dis-
seminated intravascular coagulation (DIC) is one of the most
appropriate targets for anticoagulant therapies as determined
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by a meta-analysis'? and observational studies.'® Thus, if we
consider the adequate target patients for anticoagulant therapy,
optimization of the diagnostic criteria to detect patients with
sepsis likely to have DIC is warranted.

Several organizations have proposed DIC scoring systems.
Most classically, the Japanese Ministry of Health and Welfare
proposed criteria for the diagnosis of DIC in 1983."* There-
after, the subcommittee of the International Society on Throm-
bosis and Haemostasis (ISTH) proposed a scoring system for
overt and non-overt DIC in 2001,'° and the Japanese Associa-
tion for Acute Medicine (JAAM) proposed another DIC scor-
ing system in 2006 that was aimed at making an early diagnosis
of DIC.'® In the JAAM DIC criteria, detection of the early stage
of DIC was emphasized to maximize the treatment effects of
anticoagulant therapy. However, little is known about whether
early intervention with anticoagulant therapy is preferable to
late intervention in sepsis.

Actually, the cutoff point values for the initiation of antic-
oagulant therapies of the ISTH overt and JAAM DIC scoring
systems were determined by the original papers; 5 points for
patients with sepsis in the ISTH overt DIC and 4 points in the
JAAM DIC scoring system. In the present analysis, we
hypothesized that other cutoff points for each set of DIC
criteria might be optimal for minimizing nonsurvivors and
bleeding complications. Therefore, this study aimed to estab-
lish the optimal cutoff values of the ISTH overt and JAAM
DIC scoring systems via a simulation method using a nation-
wide sepsis data set.

Materials and Methods
Study Population

This investigation was performed using a data set from a multi-
center nationwide retrospective cohort study (the Japan Septic
Disseminated Intravascular Coagulation [J-Septic DIC] regis-
try'”) conducted in 42 intensive care units (ICUs) in Japan
between January 2011 and December 2013. Patients were eli-
gible for the registry if they were diagnosed as having severe
sepsis or septic shock according to the conventional criteria
proposed by the American College of Chest Physicians/Society
of Critical Care Medicine consensus conference in 1991 and
were 18 years of age or older.'® The exclusion criteria were use
of warfarin/acetylsalicylic acid/thrombolytic therapy before
study entry; a history of fulminant hepatitis, decompensated
liver cirrhosis, or other serious liver disorder; a history of
hematologic malignant disease; other conditions increasing the
risk of bleeding; treatment with any chemotherapy at study
entry; treatment with warfarin before/after study entry; and
patients with missing data for the main evaluation.

This study followed the principles of the Declaration of
Helsinki and was approved by the institutional review board
of each participating hospital (#25-2050 for Osaka General
Medical Center). Because of the anonymous and retrospective
nature of this study, the board of each hospital waived the need
for informed consent.

Table 1. ISTH Overt and JAAM DIC Scoring Systems.

Factors Points  ISTH Overt DIC JAAM DIC
Platelet counts 3 - <80 x 10%/L or > 50%
decrease/24 hours
2 <50 x 10°/L -
| >50,<100 x 10°/L >80, <120 x 10°/L or
30%-50% decrease/
24 hours
FDP 3 Strong increase >25 pg/mL
2 Moderate increase -
| - >10, <25 pg/mL
Prothrombin 2 >6 seconds -
time® I >3, <6 seconds >1.2
Fibrinogen I <100 g/mL -
SIRS score | - >3
Points required 5 points 4 points

to be criteria
positive

Abbreviations: DIC, disseminated intravascular coagulation; FDP, fibrin/fibrino-
gen degradation product; ISTH, International Society on Thrombosis and Hae-
mostasis; JAAM, Japanese Association for Acute Medicine; SIRS, systemic
inflammatory response syndrome.

? Prothrombin time was assessed in seconds above normal value for ISTH overt
DIC and by international normalized ratio for JAAM DIC.

Data Collection and Definitions

Patients were followed up until hospital discharge or death. A
dedicated case report form was developed for use in this study,
and the following information was obtained: age, sex, multiple
illness severity scores on the day of ICU admission, source of
ICU admission, preexisting comorbidities, primary source of
infection, new organ dysfunction, and concomitant therapeutic
interventions against sepsis. The severity of illness was eval-
uated according to the Acute Physiology and Chronic Health
Evaluation (APACHE) II score'® and systemic inflammatory
response syndrome (SIRS) score. Organ dysfunction, defined
as a Sequential Organ Failure Assessment (SOFA) subscore for
each organ of >2, was assessed according to the SOFA score.?’

Disseminated intravascular coagulation was also evaluated
based on the criteria of the ISTH overt DIC and JAAM DIC
scoring systems at the time of ICU admission (Table 1). The
ISTH overt DIC scoring system was adopted as proposed by the
Scientific Subcommittee on DIC of the ISTH for platelet
counts, prothrombin time (PT), fibrin/fibrinogen degradation
product (FDP), and fibrinogen level.' Fibrin/fibrinogen degra-
dation product values were chosen as the fibrin-related marker
and scored according to the cutoff levels and ranges previously
published by Gando et al.?' The JAAM DIC scoring system
consists of the SIRS score and global coagulation tests, includ-
ing platelet counts, PT, and FDP levels.'¢

The primary outcome measure was all-cause in-hospital
mortality. We also recorded as secondary outcomes any bleed-
ing complications, including the occurrence of intracranial
hemorrhage, transfusion requirements related to bleeding, and
bleeding requiring surgical intervention.
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DIC scores 1 2

Actual model
of study population

Patients without anticoagulant

(B)

(D)

(E)

Simulated model
of study population

Patients without anticoagulant

(F)

Patients with anticoagulant

Estimated number of non-survivors in (E) = Adjusted mortality in (C) X Number of pt. in (A+C)
Estimated number of non-survivors in (F) = Adjusted mortality in (B) X Number of pt. in (B+D)

Estimated mortality in simulated model was finally calculated by
“Estimated number of non-survivors in (E)+(F)” divided by “Total number of pt. (A+B+C+D)".

Figure |. Schema of the simulation algorithm used in this study. DIC indicates disseminated intravascular coagulation.

Developing the Simulation Models

In this study, an optimal threshold for initiating anticoagulant
therapies was investigated according to the scoring systems of
both the ISTH overt DIC and the JAAM DIC criteria. Partici-
pants were stratified based on the score from each DIC scoring
system and then categorized into 1 of 2 groups: the anticoagu-
lant group, comprising patients who received any anticoagulant
therapies such as antithrombin, recombinant human thrombo-
modulin, heparin/heparinoid, and serine protease inhibitors
(nafamostat mesilate and gabexate mesilate), and the non-
anticoagulant group, comprising patients who received no
anticoagulant therapies. Because of the retrospective nature
of this study, there was no predefined protocol for these
interventions.

To determine the optimal cutoff points of each scoring
system for initiating anticoagulant therapies, we developed
simulated survival data, assuming that the anticoagulant thera-
pies were conducted strictly according to each cutoff point
(Figure 1). For instance, if we set the cutoff to equal 5 points
in the ISTH overt DIC scoring system, we assumed that a//
patients with a score of 5 points or more received anticoagulant
therapies and that a// patients with a score of 4 or less did not.
First, the estimated total number of nonsurvivors was calcu-
lated as the sum of the following 2 patient numbers: (1) “the
adjusted mortality rate of patients with a score <5 and not
receiving any anticoagulant therapies (mortality in population
C in Figure 1)” x “the actual number of patients with a score
<5 (sum of populations A + C)” and (2) “the adjusted mortality
of patients with a score >5 who received anticoagulant

therapies (mortality in population B)” x “the actual number
of patients with a score >5 (sum of populations B + D).” Then,
the estimated mortality was calculated as the estimated number
of nonsurvivors mentioned above divided by the total popula-
tion (sum of populations A + B + C + D). We conducted this
estimation for all point values of the ISTH overt DIC score and
the JAAM DIC score to evaluate the best cutoff point for initi-
ating anticoagulant therapy.

Statistical Analysis

Because this was a retrospective study, imbalances were pres-
ent between the different patient groups at baseline. To account
for this imbalance, propensity scoring was used in the adjusted
mortality analysis. The propensity score for the likelihood of
receiving anticoagulant therapies was calculated using multi-
variable logistic regression and included several possible con-
founding variables such as age, sex, severity of illness,
preexisting comorbidities, low-dose heparin for prophylaxis
against venous thromboembolism, and other concomitant ther-
apeutic interventions as covariates. We also included the types
and volume of ICUs for logistic regression to estimate the
propensity score. The detailed combinations of the variables
are described in Table S1. The adjusted mortality and risk of
bleeding complications for patients with and without anticoa-
gulant therapy was calculated by logistic regression analysis
with inverse probability of treatment weighting using the pro-
pensity score.

Descriptive statistics were calculated as medians with inter-
quartile range or proportions, as appropriate. Univariate
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3195 patients registered in J-septic DIC registry

Inclusion criteria
Meet 1991 SCCM/APPC criteria for severe sepsis

532 patients excluded, with reasons:
145 warfarin
124 decompensated liver cirrhosis
109 chemotherapy
98 hematologic malignancy
53 other risk of bleeding
3 no data of SOFA/APACHE |l score

l 2663 patients — Final study cohort

l

I 1893 patients were screened by ISTH overt DIC criteria at day 1 |

l 2197 patients were screened by JAAM DIC criteria at day 1 |

Figure 2. Patient flow diagram. APACHE indicates Acute Physiology
and Chronic Health Evaluation; DIC, disseminated intravascular coa-
gulation; JAAM, Japanese Association for Acute Medicine; ISTH,
International Society of Thrombosis and Hemostasis; SCCM/ACCP,
Society of Critical Care Medicine/American College of Chest Physi-
cians; SOFA, Sequential Organ Failure Assessment.

differences between groups were assessed using the Mann-
Whitney U test, Kruskal-Wallis test, X2 test, or Fisher exact
test. A P value of <.05 indicated statistical significance. All
statistical analyses were performed using STATA Data Anal-
ysis and Statistical Software version 14.0 (StataCorp, College
Station, Texas).

Results
Baseline Characteristics

The patient flow diagram is shown in Figure 2. During the
study period, 3195 consecutive patients were registered to the
J-Septic DIC registry database. After excluding 532 patients
who met at least 1 exclusion criterion, we analyzed 2663
patients as the study cohort. Among them, 1893 (71.1%)
patients had sufficient information in their records in the reg-
istry database to calculate the exact score using the ISTH overt
DIC criteria, and 2197 (82.5%) patients had that to calculate the
exact score using the JAAM DIC criteria. Table 2 and Table S2
show the baseline characteristics of the study patients stratified
by the scores of the ISTH overt and JAAM DIC criteria,
respectively.

We observed no notable difference in age, sex, source of the
ICU admission, preexisting comorbidities, or site of infections
according to the baseline DIC scores. However, there were
stepwise deteriorations in the severity of illness, as indicated
by the APACHE II and SOFA scores, and greater in-hospital
mortality in accordance with increases in the ISTH overt and
JAAM DIC scores. We also found that the percent of patients
who received any anticoagulant therapies increased in accor-
dance with the increases in both DIC scores. In the present data
set, recombinant thrombomodulin was administered to patients

with sepsis at an almost comparable frequency to that of
antithrombin.

Estimated Mortality at Each Cutoff Point

First, the sample size and estimated adjusted mortality in the
anticoagulant and control groups above and below each cutoff
point of the ISTH overt and JAAM DIC scoring systems were,
respectively, analyzed (Tables S3 and S4). On the basis of these
actual sample sizes and estimated mortality rates, we showed
the estimated mortality, which was calculated as the estimated
number of nonsurvivors divided by the total number of each
population, for each cutoff point of the ISTH overt and JAAM
DIC scoring systems according to the hypothesis that antic-
oagulant therapies were conducted strictly according to these
cutoff points (Figure 3 for the ISTH overt and Figure 4 for the
JAAM DIC scoring system).

Between the cutoff values of 0 to 3 points, the estimated
number of nonsurvivors did not increase, whereas at a cutoff
value of 4 points or more in the ISTH overt DIC scoring sys-
tem, the rate began to increase linearly in accordance with the
increase in cutoff points (Figure 3). This finding for ISTH overt
DIC score was similar to that for the JAAM DIC score shown in
Figure 4. The confidence intervals for each cutoff value of DIC
scores did, however, partially overlap. Consequently, from the
viewpoint of minimizing the estimated mortality, the optimal
cutoff value for both the ISTH overt and the JAAM DIC scor-
ing systems should be around 3 points.

Estimated Rate of Bleeding Complications at Each
Cutoff Point

In the same manner described above, we simulated the rate of
bleeding complications at each cutoff point of the ISTH overt
and JAAM DIC scoring systems. In both systems, the estimated
rate of bleeding complications tended to decrease in accor-
dance with the increase in cutoff point value, which indicates
a lower target population for anticoagulant therapies. These
findings suggested that the optimal cutoff point for determining
whether to initiate anticoagulant therapy should be as high as
possible from the viewpoint of only decreasing the number of
patients suffering from bleeding complications.

Discussion
Summary of Evidence

In this study, we analyzed the optimal cutoff point of the ISTH
overt and JAAM DIC scoring systems using a simulation
model. From the results of this model, if we administered antic-
oagulants to patients with sepsis with scores of 3 points for both
DIC scoring systems, the mortality from sepsis would be mini-
mized and the rate of bleeding complications would be accep-
table. The present cutoff point values for both DIC scoring
systems may be suboptimal for determining when to start antic-
oagulants and may delay the initiation of therapy, even when
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» Estimated mortality o Estimated rate of bleeding

Estimated rate of patients

5 .

0 1 2 3 4 5 6 7 8 =8
Cut-off point in ISTH overt DIC criteria

® Estimated mortality o Estimated rate of bleeding ‘

Estimated rate of patients

0 1 2 3 4 5 6 7 8 >8
Cut-off point in JAAM DIC criteria

Figure 3. Estimated mortality and rate of bleeding complications at
each cutoff point of the ISTH overt DIC scoring system. The y-axis
shows the estimated mortality calculated by assuming that anticoa-
gulant therapies were conducted strictly according to each cutoff
value of ISTH overt DIC score on the x-axis. DIC indicates dissemi-
nated intravascular coagulation; ISTH, International Society of
Thrombosis and Hemostasis.

using the JAAM DIC criteria, which were originally designed
for diagnosing DIC at an early phase of sepsis.

Current Status of DIC Diagnosis in Sepsis

Historically, numerous randomized trials of anticoagulant
therapies in sepsis have been conducted over the past few
decades.'? However, the evidence available from these trials
remains insufficient. Although several reasons for the failure to
demonstrate a survival benefit were given,*** we would like
to reemphasize the importance of patient selection and limiting
the target population in trials of anticoagulant therapy against
sepsis.”® The first step in selecting patients with sepsis for
anticoagulant therapy should be to accurately evaluate the DIC
status of the patient.

Previously, we showed that DIC screening itself in the early
phase after the onset of sepsis may be associated with
decreased mortality.”® However, because of the lack of a gold
standard for DIC diagnosis, we could not properly determine
the DIC status in each patient, nor could we reach a consensus
as to which system, the ISTH overt or the JAAM DIC scoring
system was better. Furthermore, we could not determine which
cutoff point values among these DIC criteria were the best for
initiating anticoagulant therapies.

Significance for Early Initiation of Anticoagulant Therapy

Due to the rational beliefs mentioned above, accurate judgment
and prompt action corresponding to rapid pathophysiological
changes of sepsis-induced DIC can improve patient outcome.
In 1995, Wada et al reported that greater efficacy of DIC treat-
ment was achieved when treatment was begun when the
patient’s DIC score was lower and concluded that early diag-
nosis and treatment were important.?” However, some concern

Figure 4. Estimated mortality and rate of bleeding complications at
each cutoff point of the JAAM DIC scoring system. The y-axis shows
the estimated mortality calculated by assuming that anticoagulant
therapies were conducted strictly according to each cutoff value of
JAAM DIC score on the x-axis. DIC indicates disseminated intravas-
cular coagulation; JAAM, Japanese Association for Acute Medicine.

could be raised about their analysis. One of the main biases
possibly influencing the reported outcomes was selection bias.
The patient selection criteria for each group were not balanced
or adjusted for. It is likely that the greater efficacy of DIC
treatment seen in the patient groups with lower DIC scores
might have been caused not by the timing of the intervention,
but simply by the lower baseline severity.

To avoid such biases, in the present study, we applied a
simulation method using a large, non-real sepsis cohort to esti-
mate the treatment effect of initiating DIC treatment at each
cutoff point value of the DIC criteria. Consequently, we
showed that early intervention to initiate DIC treatment at 3
points for both the ISTH overt and the JAAM DIC scoring
systems might be the best timing for anticoagulant therapy,
even though the tendency was not statistically significant. To
our knowledge, this is the only study to show an association
between early intervention with anticoagulant therapy and bet-
ter outcome for sepsis-induced DIC. The establishment of ran-
domized trials would be warranted to confirm the hypothesis
derived from this study.

Perfect Selection of Candidates for Anticoagulant
Therapy

In our very recent review,”> we proposed that the optimal target
population for anticoagulant therapy in sepsis should be deter-
mined based on 2 conditions: DIC and high disease severity. In
the present analysis, we clarified the importance of the early
initiation of anticoagulants for patients with sepsis with a rel-
atively less severe coagulation disorder. Because the downside
of anticoagulant therapy, that is, complications from bleeding,
must not be ignored in the clinical situation,'***** we must
strictly limit the target of the intervention and explore well-
balanced timing of the intervention.
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Therefore, we would like to propose a revised treatment
strategy for anticoagulant therapy against sepsis. First, the sta-
tus of the coagulation disorder should be assessed rapidly and
repeatedly and the diagnosis of DIC made promptly.?® Second,
in patients with sepsis fulfilling criteria for a score of 3 or more
in the ISTH overt or JAAM DIC system, the initiation of antic-
oagulant therapy should be considered based on the main
results of the present analysis. Third, systemic severity, such
as disorders of circulatory or respiratory function, should be
assessed and anticoagulants should be administered only to
those patients with high disease severity, as recommended in
previous studies.'®!!!3

The next clinical question to address should be which cri-
teria should we apply to assess disease severity, the SOFA
score, APACHE II score, or simply the status of organ dysfunc-
tion or other assessments? Such current treatment concepts will
need to be elucidated by high-quality evidence in the future.

Limitations

We acknowledge several limitations in our study. Due to its
retrospective nature, the anticoagulant intervention was not
standardized, and the baseline characteristics were different
between the treatment groups. In estimating the intervention
effect size, we developed a propensity score approach to cope
with the nonrandomization. Also, this study involved subgroup
analysis using a simulation cohort, and thus, we cannot deny
the potential of accidental false-positive results. The simulation
model used in this analysis has not been previously verified.
Some exclusion criteria used in the analysis such as the previ-
ous use of warfarin and oral anticoagulants may limit the gen-
eralizability of the study findings to those kinds of patients. The
exposure in the analysis (anticoagulant therapy) contains 4
heterogeneous components: antithrombin, recombinant human
thrombomodulin, heparin/heparinoid, and serine protease inhi-
bitors. Previously, a comparison of the treatment effects
between several anticoagulants in the same data set used in the
present study was reported elsewhere.*® A prospective inter-
ventional study should be performed to assess the optimal tim-
ing of intervention with anticoagulants in sepsis.

Conclusions

Our simulation analysis implied that by administering antic-
oagulants early to patients with sepsis with DIC scores of 3
points or more according to both the ISTH overt and the JAAM
DIC scoring systems, mortality from sepsis could be minimized
while maintaining an acceptable rate of bleeding complica-
tions. The findings in the present study suggested the beneficial
association of early intervention with anticoagulant therapy
and mortality in the patients with sepsis-induced DIC. The
establishment of randomized trials is warranted to confirm the
hypothesis derived from this study.
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