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Abstract

Disseminated Intravascular Coagulation (DIC) commonly complicates sepsis and considerably worsens mortality. Recent studies
suggested that anticoagulant therapies improved mortality only in specific sepsis populations, and key pathologies for selecting
optimal targets needed to be identified. Anticoagulant activities were naturally altered with aging. This study aimed to evaluate
age-related differences in efficacy of anticoagulant therapies in sepsis. This post hoc analysis of a nationwide multicenter cohort
study was conducted in 42 intensive care units in Japan. Adult patients with septic DIC were divided into anticoagulant and control
groups. Age-related changes in predicted mortality in both groups were compared using a logistic regression model including 2-
way interaction terms. Patients were also stratified into 3 subsets based on age, and propensity score-adjusted Cox regression
analyses were conducted to examine survival effect of anticoagulants in each subset. We included 1432 patients with septic DIC;
867 patients received anticoagulants and 565 received none. Age-related change in predicted mortality was significantly different
between groups (P for interaction = 0.013), and the gap between groups was broad in the younger population. Similarly, in Cox
regression analyses, anticoagulant therapies were associated with significantly lower mortality in the subsets of age < 60 and 60-
79 (hazard ratios = 0.461,0.617, P = 0.007, 0.005, respectively), whereas there was no difference in survival between the groups
in the subsets of age > 80. The efficacy of anticoagulant therapies for septic DIC might be associated with patient age.
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survival benefit of anticoagulant therapy was limited to patients
with DIC.* This evidence suggested that anticoagulant thera-
pies could achieve maximum survival efficacy when used in
septic DIC. However, several RCTs targeting patients with
sepsis-induced DIC found null effects of anticoagulant thera-
pies against death,** indicating that DIC alone was not enough
to select optimal targets for anticoagulant therapies. Thus,
another key component for selecting optimal patients for antic-
oagulant therapies must be determined.

Several previous studies showed anticoagulant activities to
be altered in accordance with aging, and the increased risk of
death in an aged mice model with sepsis versus a young model
was partly attributable to dysfunction of the coagulation system
with aging. For example, Starr et al reported that aged mice
with cecal ligation and puncture had decreased levels of acti-
vated protein C (APC) and significantly increased mortality
compared with the young model.® Further, a human observa-
tional study reported dysfunction of the coagulant system in an
elderly population to be associated with higher mortality com-
pared to a younger population.’

From these insights, we hypothesized that age-related dys-
function in the coagulant system would be associated with the
efficacy of anticoagulant therapies. This study aimed to eval-
uate the difference in effects of anticoagulant therapies accord-
ing to age using a Japanese nationwide multicenter registry
database.

Methods
Study Design, Setting and Participants

This post hoc analysis of a nationwide multicenter retrospec-
tive cohort study (Japan Septic Disseminated Intravascular
Coagulation; J-SEPTIC DIC study) was conducted in 42 inten-
sive care units (ICUs) in Japan.® All adult patients diagnosed as
having severe sepsis or septic shock by Sepsis-1 criteria during
January 2011 through December 2013 were consecutively
enrolled in the registry. Among the patients who were register
into J-SEPTIC DIC study, we included the patients who ful-
filled both the Sepsis-3 criteria and Japanese Association for
Acute Medicine (JAAM) DIC criteria. Exclusion criteria
included the use of warfarin/acetylsalicylic acid/thrombolytic
therapies before study entry; the limitation of sustained life
care or post-cardiopulmonary arrest resuscitation status; his-
tory of fulminant hepatitis, decompensated liver cirrhosis, or
other serious liver disorder; treatment with any chemotherapy;
history of hematologic malignant disease; other conditions
increasing thrombosis risk at study entry; and patients with
missing data for main analysis. We defined the day of study
inclusion as “day 1.” In Japanese ICUs, patients with sepsis
were typically treated according to the Surviving Sepsis Cam-
paign Guidelines.’

This study followed the principles of the Declaration of
Helsinki. The study protocol was reviewed by the Ethics Com-
mittees of Osaka University Hospital, and the board waived the

need for the registration because this study used an open and
anonymous dataset.

Definition of Sepsis and DIC

We diagnosed “sepsis” according to the Sepsis-3 definition
presented at the 45th Critical Care Congress of the Society of
Critical Care Medicine in 2016.'° In this new definition, sepsis
is defined as life-threatening organ dysfunction caused by a
dysregulated host response to infection. Septic shock was also
defined based on Sepsis-3 criteria as an elevated lactate level
and sepsis-induced hypotension persisting despite adequate
fluid resuscitation and requiring catecholamine infusion to
improve hemodynamic status.

DIC was diagnosed at the time of inclusion based on JAAM
DIC criteria. The JAAM DIC scoring system uses the SIRS
score and global coagulation tests including platelet counts,
prothrombin time, and FDP/D-dimer levels.'" We also evalu-
ated the ISTH overt DIC score proposed by the Scientific Sub-
committee on DIC of the ISTH.'? To calculate this score, FDP
values were adopted as the fibrin-related marker and scored
according to cut-off levels and ranges previously published
by Gando et al.”?

Data Collection

Patients were followed until hospital discharge or death. A case
report form was developed for the J-SEPTIC DIC registry,'*
and the following information was obtained: age, sex, illness
severity scores on the day of ICU admission, source of ICU
admission, preexisting comorbidities, primary source of infec-
tion, and therapeutic interventions such as mechanical ventila-
tion, vasopressor treatment, immunoglobulin, low-dose steroid,
renal replacement therapy, and low-dose heparin for prophy-
laxis against deep vein thrombosis (DVT). Illness severity was
evaluated according to the Sequential Organ Failure Assess-
ment (SOFA) score evaluated on days 1 and 4 and the Acute
Physiology and Chronic Health Evaluation (APACHE) II score
evaluated on day 1.

The primary outcome measure was all-cause in-hospital
mortality. Secondary outcomes were severe bleeding events.
In the current study, severe bleeding events were defined as
any of the following conditions; 1) intracranial hemorrhage,
2) transfusion requirements related to bleeding, or 3) bleeding
requiring surgical interventions.

Patient Categorization

Study patients were categorized into the anticoagulant group
(those who underwent systemic administration at therapeutic
doses of any anticoagulant agents such as antithrombin, recom-
binant human thrombomodulin, heparin/heparinoid or serine
protease inhibitors) and the control group (who received no
anticoagulant therapies for the purpose of DIC treatment).
Patients receiving prophylactic administration of low-dose
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3195 patients registered in J-Septic DIC registry

Registration criteria

Meet Sepsis-1 during January 2011 through December 2013

1768 patients with sepsis induced DIC

Study inclusion criteria

Meet Sepsis-3 criteria and JAAM DIC criteria

| 1432 patients - Final study cohort |

336 patients were excluded, with reasons;
100 chemotherapy
91 decompensated liver cirrhosis
58 warfarin
52 hematologic malignancy
35 other risk of bleeding

867 patients received anticoagulants
(Anticoagulant group)

565 patients did not receive anticoagulants
(Control group)

Figure 1. Patient flow diagram. J-Septic DIC, Japan Septic Disseminated Intravascular Coagulation; SCCM/ACCP, Society of Critical Care
Medicine/American College of Chest Physicians; SOFA, Sequential Organ Failure Assessment; APACHE, Acute Physiology and Chronic Health

Evaluation.

heparin/heparinoid for venous thromboembolism were
included in both groups.

Statistical Analysis

To evaluate differences in efficacy and safety of anticoagulant
therapies according to patient age, we conducted logistic regres-
sion analysis for primary and secondary outcomes including inter-
actions terms between the treatment variable and patient age. The
same logistic regression analyses were conducted to evaluate the
survival benefit and risk of bleeding complication of several indi-
vidual anticoagulant agents, namely, antithrombin and recombi-
nant human thrombomodulin.

We also stratified the participants into 3 subsets based on
their age: age < 60, age 60-79, and age > 80 years. We con-
ducted multivariable Cox proportional hazard regression anal-
yses to examine the effect of anticoagulant therapies on
mortality in each age class separately. Besides, to evaluate the
association of anticoagulant therapy and DIC recovery rate,
logistic regression analysis was conducted in the 3 age classes.
In this study, DIC recovery was defined as surviving with
JAAM DIC score of less than 4 at day 7.

The retrospective design of this study caused baseline
imbalances between the anticoagulant and control groups;
therefore, all regression models were adjusted using propen-
sity scores. The propensity score for the likelihood of under-
going anticoagulant therapies that patients actually received
was calculated using multivariable logistic regression anal-
ysis including sex, pre-existing comorbidities, disease

severity scores, primary source of infection, causal micro-
organisms, and other therapeutic interventions as covariates.
The detailed combinations of the variables are described in
Supplementary Table S1.

Descriptive statistics were calculated as medians (interquar-
tile range) or proportions (numbers), as appropriate. Univariate
differences between groups were assessed with the Mann-
Whitney U test or chi-square test, as appropriate. Missing val-
ues were not imputed in any of the regression models.

All statistical inferences were performed with a 2-sided P at
5% significance level. Because of the underpowered nature of
the interaction analysis, we used a 2-sided significance level of
20% with statistical inferences for the interaction analyses.'’
All statistical analyses were conducted using STATA Data
Analysis and Statistical Software version 15.0 (StataCorp,
College Station, TX).

Results
Study Participants

The patient flow diagram is shown in Figure 1. We included
1784 consecutive patients with sepsis-induced DIC. After
excluding 336 patients meeting the exclusion criteria, the final
study cohort comprised 1432 patients, of whom 867 (61.2%)
received anticoagulant therapies (anticoagulant group) and 565
(38.8%) received no anticoagulant therapies for DIC treatment
(control group). In anticoagulant group, 67.7% of patients
received antithrombin concentrate, 61.9% received recombinant
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Table . Baseline Characteristics, lliness Severity, and Outcomes in
Patients With and Without Anticoagulant Therapy.®

Control
Anticoagulant group, group,
n = 863 n =565 Pvalue
Age, years 72 (62-80) 73 (64-82) 0.013
Sex, male 482 (55.6%) 316 (55.9%) 0.901
lliness severity
APACHE Il score 24 (18-29) 23 (17-30) 0419
SOFA score Il (8-14) 9 (7-13) <0.001
JAAM DIC score
Day | 6 (5-7) 5(4-6) <0.001
Day 3 5 (4-7) 4 (2-5)  <0.001
Day 7 3 (1-5) 1 (0-4) <0.001
ISTH overt-DIC score
Day | 4 (4-5) 4 (3-5)  <o0.001
Day 3 4 (3-6) 3(1-4)  <0.001
Day 7 2 (1-4) 1 (0-3) <0.001
Preexisting
comorbidities
Immunocompromised 93 (10.7%) 59 (10.4%) 0.865
Chronic kidney 6l (7%) 60 (10.6%) 0.017
disease
Chronic heart failure 51 (5.9%) 19 (3.4%)  0.031
Chronic respiratory 28 (3.2%) 22 (3.9%) 0.503
disorder
Liver insufficiency 10 (1.2%) 6 (l.1%)  0.872
Site of infection 0.351
Abdomen 306 (35.3%) 193 (34.2%)
Lung 157 (18.1%) 116 (20.5%)
Urinary tract 183 (21.1%) 115 (20.4%)
Bone/soft tissue 105 (12.1%) 52 (9.2%)
Cardiovascular 34 (3.9%) 23 (4.1%)
Other/unknown 82 (9.5%) 66 (11.7%)
Therapeutic
interventions
Mechanical ventilation 674 (77.7%) 409 (72.4%) 0.002
Vasopressor 763 (88%) 449 (79.5%) <0.001
treatment
Immunoglobulin 418 (48.2%) 79 (14%) <0.001
Low-dose steroid 291 (33.6%) 106 (18.8%) <0.001I
Renal replacement 340 (39.2%) 121 (21.4%) <0.001
therapy
Low-dose heparin 90 (10.4%) 94 (16.6%) 0.001
Interventions for 410 (47.3%) 218 (38.6%) 0.001
source control
Outcomes
ICU length (days) 9 (5-15) 5(@3-11) <0.001
Hospital length (days) 30 (16-60) 26 (11-53) <0.001
ICU mortality 197 (22.7%) 135 (23.9%) 0.608
In-hospital mortality 299 (34.5%) 203 (35.9%) 0.576

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation;
SOFA, Sequential Organ Failure Assessment; JAAM, Japanese Association for
Acute Medicine; ISTH, International Society of Thrombosis and Hemostasis;
DIC, disseminated intravascular coagulation.

?Data are presented as the median (first and third quartiles) for continuous
variables and number (%) for categorical variables. Differences between
groups were assessed using the Mann-Whitney U test or Chi-square test.

human thrombomodulin, 24.7% received serine protease inhibi-
tors and 10.5% received Heparin/heparinoids.

Baseline characteristics, illness severity scores at ICU
admission and several outcomes are shown in Table 1.

Predicted mortality with 95% Cls
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Figure 2. Regression line for age-related change in predicted mor-
tality in each treatment group estimated by logistic regression model
with a 2-way interaction term. Cl indicates confidence interval.

Although sex distribution was similar between the groups, the
anticoagulant group was slightly but significantly younger.
Severity of illness as indicated by SOFA and DIC scores was
significantly higher in the anticoagulant group. DIC scores at
day 3 and day 7 were still higher in the anticoagulant group. As
well, the percentage of several therapeutic interventions other
than anticoagulants, such as mechanical ventilation, vasopres-
sor treatment, immunoglobulin, low-dose steroid, and renal
replacement therapy, were significantly higher in the anticoa-
gulant group. However, the percentage of low-dose heparin for
prophylaxis against DVT was significantly higher in the con-
trol group. Both the length of ICU and hospital were longer in
the anticoagulant group, however, there were no significant
difference in ICU mortality and hospital mortality between the
2 groups.

Mortality Change With Aging

We show the regression line for age-related change in predicted
mortality in the anticoagulant and control groups as assessed by
logistic regression analysis that included a 2-way interaction term
in Figure 2. Although predicted mortality did not change with
aging in the control group, it sharply increased mortality in the
anticoagulant group in accordance with the increase of age, and
the difference in age-related mortality change between groups
was statistically significant (P for interaction = 0.013). In other
words, predicted mortality between the anticoagulant and control
groups tended to be largely different in the younger population.
Almost same findings were observed in age-related change in
predicted mortality in the antithrombin group and recombinant
human thrombomodulin groups, both which were significantly
different from those in the control group (Figure S1).

Survival curves estimated by Cox proportional hazard
regression in the 3 age classes are shown in Figure 3. Signifi-
cant associations between anticoagulant therapies and lower in-
hospital mortality were observed in the subsets of age < 60 and
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Figure 3. Adjusted estimated survival curves in the anticoagulant and
control groups stratified by age class (age < 60, 60-79, and >
80 years). HR indicates hazard ratio.

age 60-79 (adjusted hazard ratio [HR] with 95% confidence
interval [CI] = 0.461 [0.263-0.867] and 0.617 [0.441-0.863],
P = 0.007 and 0.005, respectively). However, there was no
significant difference in survival between the 2 groups in the
subset of older patients (age > 80) (0.934 [0.648-1.347],
P =0.717).

Bleeding Complications

The association between age-related change in predicted bleed-
ing probabilities and anticoagulant use is shown in Figure 4.

5
Predicted bleeding probabilities with 95% Cls
)
! ]| . Control group
Anticoagulant group
o p for interaction= 0.776
|
(=]
40 50 60 70 80 90
Age(year)

Figure 4. Regression line for age-related change in the risk of severe
bleeding complication in each treatment group estimated by logistic
regression model with a 2-way interaction term. Cl indicates confi-
dence interval.

Changes in predicted bleeding probabilities in accordance with
aging were only slight and not statistically different between
groups (P for interaction = 0.776). Regardless of patient age,
the anticoagulant group had a consistently higher risk of severe
bleeding complications compared to the control group.

DIC Recovery and Coagulation Biomarkers

The association of anticoagulant therapy and DIC recovery rate
in the 3 age classes was evaluated by logistic regression anal-
ysis adjusted by propensity score (Figure S2). Anticoagulant
therapy was tended to be associated with the increased rate of
DIC recovery in all age classes but the differences were not
statistically significant.

The time-related alteration in coagulation biomarkers in
patients with and without anticoagulant therapy is summarized
in Table S2. From day 1 to day 7, platelet counts and fibrinogen
levels were constantly lower in the Anticoagulant group. In
contrast, the levels of Fibrin/fibrinogen degradation product
and D-dimer in the Anticoagulant group were sharply
decreased with time, and became significantly lower compared
to those in the control group after day 4.

Discussion
Summary of Findings

Initiating anticoagulant therapies without appropriate target
selection should be avoided because of the increased risk of
bleeding complications with no demonstrable survival benefit.

The present nationwide study evaluated the impact of aging
on the effect of anticoagulant therapies and revealed that the
survival benefit of anticoagulant therapies might differ based
on age and might be maximized when used for relatively
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younger populations, and the risk of bleeding associated with
anticoagulant therapies was constant regardless of patient age.

Optimal Target of Anticoagulants

DIC is a key pathology in which anticoagulant therapies can
achieve maximum efficacy in sepsis.>>'® However, the pres-
ence of DIC itself is not enough to select the optimal sepsis
patients for anticoagulant therapies. In fact, several RCTs tar-
geting patients with septic DIC reported null effects of antic-
oagulant therapies to improve survival.*® Thus, another
pathophysiology associated with higher survival benefit of
anticoagulant therapies must be identified.

The present study results clearly suggested that the survival
effect of anticoagulant therapies was different based on patient
age and might be higher in a relatively younger population,
even among patients with septic DIC.

Furthermore, elderly patients with sepsis and septic shock
typically have higher levels of inflammatory response, along
with the enhanced activity of coagulation systems.'”'® Over-
whelming inflammatory response causes not only dysregula-
tion of coagulation systems, but also the activation of platelets
and enhanced platelet-monocyte aggregation. Therefore, an
increased risk of death regardless of the use of anticoagulant
agents, observed in elderly patients, might partly be attributable
to the higher level of inflammation and the platelet-monocyte
aggregation in elderly septic patients.'® Besides, elderly
patients who developed sepsis or septic shock typically had a
number of pre-existing comorbidities that potentially affected
the regulation of immune system and the acute inflammatory
response. Thus, age-related increase in the rate of pre-existing
comorbidities might be another explanation for the age-
associated change in the efficacy of anticoagulants in septic
DIC.*

Although the present study, to our knowledge, is the first to
evaluate the effect of patient age on survival benefit of antic-
oagulant therapies in septic patients, several previous studies
showed that the effects of anticoagulant therapies widely vary
by age class in other diseases. For example, previous clinical
research showed that coagulation pathway dysfunction was
related to aging in patients with nonvalvular atrial fibrillation
(NVAF). Stroke or systemic embolic events increased more in
the elderly patients treated with warfarin than in younger
patients.”! Age has a greater influence on the effectiveness of
anticoagulant therapies, and thromboembolic risk increases in
accordance with aging in patients with NVAF.

Based on these insights, another key component, other than
DIC, for selecting patients for anticoagulants might be rela-
tively younger age.

Mechanism for Heterogeneity in Survival Benefit

Age-related difference in the effects of anticoagulant therapies
on mortality can be partly explained by the alteration of coa-
gulation and anticoagulation systems with aging. Previous ani-
mal studies showed that anticoagulant system activity was

associated with aging. For example, aged mouse sepsis models
had higher mortality rates than young models due to suppressed
APC level.?* Another study reported that aged mice with sepsis
developed severe coagulation disorders compared to those in
young models due to dysfunction of the protein C activation
pathway.® It can thus be assumed that the strategy of antic-
oagulant therapies for elderly patients, whose anticoagulant
systems are naturally suppressed, needs to be distinguished
from that for younger patients.

We also showed that predicted bleeding probabilities did not
change in accordance with an increase in age in either group.
We do not have a clear explanation for this constant risk of
bleeding regardless of patient age, but one possible reason
might relate to the balance between coagulation and bleed-
ing.”> Namely, fragile artery walls caused by atherosclerosis
and hypertension could increase the risk of bleeding, which
might be comparable to the decreased risk of bleeding caused
by hyper-coagulation in the elderly.

Limitations

This analysis has several limitations. First, we assumed that all
anticoagulant agents were the same for analysis purposes. Sec-
ond, this is an observational study and hence suffers from
potential selection and ascertainment bias. Third, the dose and
duration of each anticoagulant therapies were not recorded in
the J-SEPTIC DIC registry, and therefore, dose-related change
in the effect of anticoagulant agents were not evaluated in this
study. To compensate for these imbalances, we developed a
propensity score approach that forces the analysts to explicitly
focus on the potential biases.

Conclusion

Our analysis using the nationwide multicenter J-Septic study
revealed that the efficacy of anticoagulant therapies for septic
DIC might be associated with patient age. Future RCTs for
anticoagulant therapies in sepsis should consider patient age
as an inclusion criterion.
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