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Abstract: Background: sepsis is a life-threatening organ dysfunction caused by an excessive host
immunological response to infection. The incidence of sepsis is increasing every year, and sepsis
is the primary cause of mortality in intensive care units (ICUs). DIC is a coagulopathy syndrome
that causes microvascular and macrovascular thrombosis and increases the risk of bleeding due to
consumptive coagulopathy. The pathophysiology of DIC in sepsis is complex, and further research is
required to investigate the involved mechanisms and risk factors. Method: this study is a prognostic
analysis of a retrospective cohort. Samples were patients diagnosed with sepsis and admitted to Cipto
Mangunkusumo National General Hospital from January 2016 to October 2022. Research subjects
were followed until occurrence of DIC during sepsis or recovery from sepsis. The research subjects
were selected from medical records using a consecutive total sampling approach. The inclusion
criteria were patients aged >18 years old and diagnosed with sepsis according to qSOFA criteria with
a score of 2. The exclusion criterion was an incomplete medical record. Bivariate and multivariate
logistic regression analyses were performed to determine which independent variables contributed
to the incidence of DIC and obtain the odds ratios (ORs). p < 0.05 was considered to indicate a
statistically significant difference. Results: a total of 248 patients were included after considering
the inclusion and exclusion criteria. Of these, 50 (20.2%) septic patients developed DIC. In the
multivariate analysis, albumin <2.5 g/dL (OR: 2.363; 95% CI: 1.201-4.649), respiratory infection
(OR: 2.414; 95% CI: 1.046-5.571), and antibiotic treatment >1 h (OR: 2.181; 95% CI: 1.014—4.689) were
associated with DIC development. On the basis of the ROC curve, the area under the curve (AUC)
was determined to be 0.705 with 95% CI = (0.631-0.778). Conclusion: in our study, the prevalence of
DIC in septic patients was 20.2%. Low albumin, respiratory infection, and antibiotic treatment >1 h
were found to be risk factors for development of DIC in septic patients.
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1. Introduction

Sepsis is a life-threatening organ dysfunction caused by an excessive host immunolog-
ical response to infection [1,2]. The incidence of sepsis is increasing every year, and sepsis
is the primary cause of mortality in intensive care units (ICUs) [3-5]. According to Dugar
et al., sepsis is increasing due to expansion of the elderly population and the escalating
incidence of chronic diseases [6].

DIC is a coagulopathy syndrome that causes microvascular and macrovascular throm-
bosis and increases the risk of bleeding due to consumptive coagulopathy [7]. In DIC,
blockages caused by thrombi in microvascular and macrovascular tissues result in tissue
ischemia, which can exacerbate organ dysfunction [7]. As a consequence of systemic con-
sumptive coagulopathy, there is a decrease in the level of coagulation factors in body, which
results in spontaneous bleeding and simultaneous thrombus formation. Septic patients that
develop DIC have a poor prognosis [8,9]. The pathophysiology of DIC in sepsis is complex,
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and further research is required to investigate the involved mechanisms and risk factors.
In addition, septic patients with DIC have a worse clinical condition and are at increased
risk of mortality and systemic organ dysfunction. There is currently no history, physical
examination, or laboratory component that can accurately diagnose or rule out DIC in a
patient. Both gram-negative and gram-positive bacteria may cause DIC, although it is more
common in gram-negative bacteria [10,11].

Several criteria for the diagnosis of DIC have been established by the International
Society on Thrombosis and Haemostasis (ISTH), the Japanese Ministry of Health Labor and
Welfare (JMHLW), and the Japanese Association of Acute Medicine (JAAM). These criteria
incorporate laboratory tests for several components such as fibrinogen, prothrombin time,
and D-dimer levels. It should be noted that laboratory examination of these components
is not routinely carried out in many developing countries, except in tertiary hospitals. In
addition, these inspections require are costly and time-consuming, resulting in potential
delays in diagnosis or treatment. These criteria also do not include conditions, such as
heart failure and liver disease, that are indicated to cause DIC [12-16]. As a result, their use
in clinical situations in Indonesia is impractical. In Indonesia, the incidence of sepsis and
its associated mortality are quite high [17].

Mortality in sepsis increases if complications arise, such as disseminated intravascular
coagulation (DIC) [7,9]. According to a study by Dhainau et al., DIC is a strong predictor
of mortality in septic patients independent of the severity of sepsis [9]. There have been
various therapeutic developments in sepsis, but very few studies have been conducted on
DIC in sepsis [17]. Thus, factors associated with the incidence of DIC in septic patients
should be statistically analyzed.

2. Method

This study is a prognostic analysis with a retrospective cohort design. Samples were
patients diagnosed with sepsis and admitted to Cipto Mangunkusumo National General
Hospital, which is a national referral tertiary hospital, from January 2016 to October 2022.
Research subjects were followed until DIC occurred during sepsis or recovery from sepsis.
The research subjects were selected from medical records using a consecutive total sampling
approach.

3. Inclusion and Exclusion Criteria

The inclusion criteria were patients aged >18 years old diagnosed with sepsis accord-
ing to qSOFA criteria with a score of 2. qSOFA is a score developed through simplification
of SOFA for more rapid diagnosis in a non-ICU setting. A study by Koch et al. showed
that the qSOFA score performs sufficiently well compared to more complex models such
as SOFA or LODS in a non-ICU setting [18]. The exclusion criterion was an incomplete
medical record.

4. Variables

The operational definition of DIC refers to the ISTH criteria consisting of decreased
platelet levels, elevation of D-dimer or other fibrin degradation products, prolongation of
prothrombin time, and abnormal fibrinogen levels.

The independent variables studied were age, sex, hemoglobin level, leukocyte count,
neutrophil/lymphocyte count ratio, type of infected organ, solid cancer, hematological
cancer, metabolic disease, autoimmune disease, chronic kidney disease, autoimmune
therapy, impaired liver function, anti-aggregation therapy, blood culture, time to start
antibiotics, renal failure, and heart failure.
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Sex of the patients was based on the data registered in the medical record. Age of
the patient was the age when the patients were diagnosed with sepsis, categorized as
either less than 60 years old or 60 years old and above. Infected organs in this study were
categorized into respiratory or non-respiratory organs. In this study, solid cancers referred
to are all cancers excluding neoplasms, bone marrow, and lymph nodes. Hematologic
cancers included leukemia, multiple myeloma, and lymphoma.

Recorded metabolic diseases were diabetes mellitus (type I or II), dyslipidemia, and
hypertension. In this study, liver dysfunction was defined as an increase in AST or ALT
more than three times the normal levels or a known history of chronic liver comorbidities
such as liver cirrhosis, chronic hepatitis, and fatty liver. Autoimmune diseases included
in the study are systemic lupus erythematosus, theumatoid arthritis, multiple sclerosis,
asthma, inflammatory bowel disease, and vasculitis. The definition of heart failure in
the study referred to the Framingham criteria, any history of renal failure undergoing
hemodialysis acquired from the medical records, or an eGFR under 30 mL/min/ m3. eGFR
was calculated using MDRD equation.

The definitions of hematologic parameters are as follows: anemia was defined as a
hemoglobin level under 13 g/dL for males and under 12 g/dL for females, leukocytosis
was defined as leukocyte levels above 10,000/mm3, and a neutrophil /leukocyte ratio above
9.0 was considered as high.

5. Statistical Analysis

Medical record data from 2016 to 2022 were descriptively processed to determine
the incidence of DIC in septic patients. Numerical data with a normal distribution are
presented as mean and standard deviation. Numerical data with a non-normal distribution
are presented as median and minimum-maximum values. Categorical data are presented
in the form of percentages.

Bivariate and multivariate logistic regression analyses were performed to determine
which independent variables contributed to the incidence of DIC and obtain odds ratios
(ORs). p < 0.05 was considered to indicate a significant difference. Multivariate analysis
was conducted using the backward Wald method. All statistical analysis was conducted
using SPSS software version 21 (SPSS Inc., Armonk, NY, USA).

6. Result

A total of 248 patients were included after considering the inclusion and exclusion
criteria. This included 50 (20.2%) septic patients that developed DIC and 198 (79.8%) septic
patients that did not (Table 1). Compared with those that did not develop DIC, patients
that developed DIC were younger with a mean age of 49.76 & 13.97 years old. There was
a total of 127 males (51.2%) in the study population. The mean hemoglobin in the group
that developed DIC was 8.99 + 2.68, while the mean hemoglobin in the group that did not
develop DIC was 9.83 £ 2.57.

Chronic kidney disease was the most common comorbidity in the study population
with a total of 139 (56%) patients. On the other hand, liver disease was observed in 48
(19.4%) patients. The most common site of infection was the pulmonary system in the case
of 183 (73.8%) patients (Table 2). For solid and hematological cancers, there were 84 (33.9%)
patients and 24 (9.7%) patients, respectively. The most common type of hematological
cancers was non-Hodgkin lymphoma (Table 3). The characteristics of patients with sepsis,
DIC, and liver disease can be seen on Supplementary Table S1. Meanwhile, characteristics
of patients with sepsis, DIC, and hematological cancer can be seen on Supplementary
Table S2.
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Table 1. Descriptive analysis of variables. SD, standard deviation. AST, aspartate transaminase. ALT,
alanine transaminase. eGFR, estimated glomerular filtration rate. PT, prothrombin time. PTT, partial
thromboplastin time.

Developed Disseminated Did Not Develop Disseminated

Variables

Intravascular Coagulation (#: 50) Intravascular Coagulation (#: 198)
Mortality, n (%) 38 (76%) 133 (67.2%)
Age, years, mean + SD 49.76 4+ 13.97 55.61 4+ 15.20
Male, 1 (%) 25 (50%) 102 (51.5%)
Hemoglobin, g/dL, mean & SD 8.99 £ 2.68 9.83 £2.57
Anemia, 1 (%) 45 (90%) 166 (83.8%)
Leukocyte, / mm? median (min-max) 16,870 (10.3-163,340) 14,995 (6.6-98,860)
Leukocytosis, 11 (%) 39 (78%) 154 (77.8%)
Neutrophil/lymphocyte ratio, median (min—-max) 10.49 (0.06-91.7) 13.39 (0.03-107.6)

High neutrophil lymphocyte ratio, n (%)

26 (52%)

131 (66.2%)

Thrombocyte, / mm? median (min-max)

75,500 (2000-625,000)

246,000 (439-855,000)

AST, U/L, median (min—-max) 45.5 (6-6859) 38 (6-2143)
ALT, U/L, median (min-max) 31 (6-1632) 23 (6-390)
Albumin, g/dL, median (min-max) 242 (1.29-4) 2.55 (1.46-4.67)

Albumin <2.5 g/dL, n (%) 30 (60%) 85 (42.9%)

Ureum, mg/dL, median (min-max)

69.15 (18-298.2)

69.35 (7.2-251)

Creatinine, mg/dL, median (min—-max) 1.25(0.3-11.2) 1.5 (0.1-15)
eGFR, mL/min/1.73 m? median (min-max) 55.05 (4-170) 48.6 (3-261)
eGFR <60 mL/min/1.73 m?, n (%) 26 (52%) 113 (57.1%)

PT, seconds, median (min-max) 14.85 (10.1-44.2) 12.1 (9-120)

PTT, seconds, median (min-max)

49.7 (29.3-180)

41.6 (19.3-190)

D-dimer, ng/mL, median (min—max)

8535 (400-52,250)

3254 (100-352,000)

Fibrinogen, mg/dL, median (min-max)

231.6 (38-758)

442 (38-1044)

Pulmonary infection, n (%) 41 (82%) 142 (71.7%)
Solid cancer, 1 (%) 19 (38%) 65 (32.8%)
Hematological cancer, 1 (%) 10 (20%) 14 (7.1%)
Metabolic disease, n (%) 11 (22%) 79 (39.9%)
Autoimmune disease, 11 (%) 2 (4%) 13 (6.6%)
Liver disease, 1 (%) 11 (22%) 37 (18.7%)
Heart failure, n (%) 3 (6%) 21 (10.6%)
Chronic kidney disease, 1 (%) 26 (52%) 113 (57.1%)
Received hemodialysis, 7 (%) 15 (30%) 56 (28.3%)
Received antiplatelet, n (%) 2 (4%) 10 (5.1%)
Positive Blood culture, 1 (%) 11 (22%) 44 (22.2%)
Received antibiotic > 1 h, n (%) 39 (78%) 124 (62.6%)
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Table 2. Site of infection (n = 248).
Site of Infection n (%)
Pulmonary system 183 (73.8%)
Gastrointestinal system 20 (8.1%)
Hepatobiliary system 10 (4%)
Nervous system 2 (0.8%)
Reproductive system 1 (0.4%)
Kidney and urinary system 11 (4.4%)
Soft tissue 21 (8.5%)

Table 3. Hematological cancer type (n = 24). AML, acute myeloid leukemia; ALL, acute lymphoblastic
leukemia; CML, chronic myeloid leukemia; CLL, chronic lymphocytic leukemia.

Hematological Cancer Type n (%)
AML 5 (20.8%)
ALL 1(4.2%)
CML 2 (8.3%)
CLL 0 (0%)
Myeloproliferative neoplasm 1 (4.2%)
Hodgkin’s lymphoma 2 (8.3%)
Non-Hodgkin’s lymphoma 10 (417%)
Multiple myeloma 3 (12.5%)

In the bivariate analysis, several variables were found to be statistically significantly
associated with DIC development, such as age >60 years, hematological cancer, metabolic
disease, low albumin, and antibiotic treatment >1 h (Table 4). The variable with the highest
odds ratio was hematological cancer (OR: 3.286; 95% CI 1.362-7.926). However, after
conducting multivariate analysis of all the variables in this study, only three factors were
found to be significant (Table 5), namely albumin <2.5 (OR: 2.363; 95% CI: 1.201-4.649),
respiratory infection (OR: 2.414; 95% CI: 1.046-5.571), and antibiotic treatment >1 h (OR:
2.181; 95% CI: 1.014-4.689). The Hosmer and Lemeshow test for multivariate analysis
yielded a p-value of 0.130, which indicates the model is well-calibrated.

Table 4. Bivariate analysis of the association between variables and DIC development in septic

patients.
Variables Odds Ratio 95% Confidence Interval  p-Value
Male 0.941
0.506-1.750 0.848
Female Reference
Age >60 years 0.467
0.234-0.933 0.031
Age <60 years Reference
Respiratory infection 1.797
X X X 0.819-3.939 0.144
No respiratory infection Reference
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Table 4. Cont.

Variables Odds Ratio 95% Confidence Interval  p-Value
Solid cancer 1.254
- 0.659-2.387 0.490
No solid cancer Reference
Hematological cancer 3.286
1.362-7.926 0.008
No hematological cancer Reference
Metabolic disease 0.425
. 0.205-0.879 0.021
No metabolic disease Reference
Albumin <2.5 g/dL 1.994
- 1.060-3.751 0.032
Albumin >2.5 g/dL Reference
Liver disease 1.227
0.575-2.621 0.597
No liver disease Reference
Autoimmune disorder 0.593
B A 0.129-2.717 0.501
No autoimmune disease Reference
Heart failure 0.538
- 0.154-1.881 0.332
No heart failure Reference
eGFR <60 mL/min/1.73 m? 0.815
- 5 0.437-1.518 0.519
eGFR >60 mL/min/1.73 m Reference
Chronic kidney disease 0.815
0.437-1.518 0.519
No chronic kidney disease Reference
Received hemodialysis 1.087
0.551-2.144 0.810
Did not receive hemodialysis Reference
Received antiplatelet 0.783
- - - 0.166-3.694 0.758
Did not receive antiplatelet Reference
Anemia 1.735
0.639-4.709 0.279
No anemia Reference
Leukocytosis 1.013
0.479-2.141 0.973
No leukocytosis Reference
High neutrophil lymphocyte ratio 0.554
- - 0.296-1.038 0.065
Low neutrophil lymphocyte ratio Reference
Positive blood culture 0.987
0.467-2.086 0.973
Negative blood culture Reference
Received antibiotic >1 h 2.116
1.021-4.384 0.044
Received antibiotic <1 h Reference

Table 5. Multivariate analysis of association between variables and DIC development in septic

patients *.
Variables Odds Ratio 95% Confidence Interval p-Value
Age >60 years 0.523
0.247-1.107 0.090
Age <60 years Reference
Albumin <2.5 g/dL 2.363
1.201-4.649 0.013

Albumin >2.5 g/dL Reference
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Table 5. Cont.

Variables Odds Ratio 95% Confidence Interval  p-Value
Respiratory infection 2414
B : : 1.046-5.571 0.039
No respiratory infection Reference
Metabolic disease 0.485
0.224-1.051 0.067
No metabolic disease Reference
Received antibiotic >1 h 2.181
: . 1.014-4.689 0.046
Received antibiotic <1 h Reference

* Adjusted for gender, solid cancer, hematological cancer, heart failure, GFR value, CKD status, hemodialysis
status, antiplatelet therapy, anemia, leukocytosis, NLR, and blood culture.

Using the multivariate model, the ROC curve (Figure 1) was obtained, and the area
under the curve (AUC) was determined to be 0.705 with 95% CI = (0.631-0.778).

ROC Curve
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Figure 1. ROC curve. Green line indicates random classifier. Blue line indicates the multivariate
model obtained from Table 5.

7. Discussion

This study is the first to analyze factors associated with the development of DIC in the
context of sepsis. From the analysis of the research results, it was found that low albumin
<2.5 g/dL, respiratory infection, and antibiotic treatment >1 h are significantly associated
with the incidence of DIC in septic patients. In this analysis, the three significant variables
are risk factors for DIC in septic patients, with an odds ratio of 2.363 for low albumin
representing liver dysfunction, 2.414 for respiratory infection, and 2.181 for receiving
antibiotic treatment after 1 h or longer.

In our study, we found low albumin level is associated with DIC development in septic
patients, although we did not find a significant association between history of liver disease
and DIC incidence. However, as albumin is produced by the liver, the level of albumin is a
marker of liver function, and low albumin could represent the state of liver dysfunction.
Pathophysiologically, liver disease is a risk factor for DIC in septic patients, because the
liver produces factors that play a role in coagulation [19,20]. In liver disease, there is a
decrease in the levels of both procoagulant factors and coagulation inhibitors, abnormal
fibrinogen and prothrombin production, as well as abnormalities in both the quantity and
quality of platelets [19,20]. These changes lead to an imbalance between coagulation and
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fibrinolysis processes, representing potential risk factors for developing DIC. Low albumin
may also be caused by CKD.

In a previous case—control study on the incidence of liver disease on DIC in septic
patients conducted by Anderko et al. (2022), it was found that 6% (82 of a total sample of
1341) of patients with septic shock had hepatobiliary dysfunction and DIC [21]. It was also
shown that the condition was an independent risk factor for patient mortality at 90 days
(OR 3.1, 95% CI: 1.4-7.5, p: 0.008) [21]. However, there are currently no prospective studies
assessing the association between liver function in septic patients and risk of DIC.

A challenge in associating liver disease with DIC in septic patient lies in differentiating
coagulative abnormalities post liver diseases as DIC from other hemostatic diseases [22].
In the clinical setting, septic patients without a history of liver disease may also develop
liver dysfunction as a consequence of sepsis-associated organ dysfunction. In our study,
we addressed these challenges by the use of overt DIC criteria (prothrombin time, D-dimer
levels, and thrombocyte levels), which currently comprise the mainstay scoring system for
diagnosing DIC, including for sepsis-induced coagulopathy [23]. The included albumin
level data were also those assessed before DIC diagnosis, ranging from a point in time
before sepsis diagnosis up to the point of sepsis diagnosis.

Coagulative imbalance may also have developed as a result of liver disease alone, i.e.,
before patients became septic. This is also a limitation of the study; this limitation can be
addressed via a prospective study that examines serial liver function (AST, ALT, albumin,
and globulin) and hemostatic parameters (D-dimer, prothrombin time, and thrombocyte
level) before the patient is diagnosed with sepsis, at the time of sepsis, and at the time
of DIC diagnosis. Based on our study results, we are only able to provide a general
description regarding the temporal relationship of DIC development in septic patients with
liver disease according to the level of thrombocytes at time of sepsis diagnosis (Table 5).
In 4 out of 11 patients with liver disease and sepsis, the development of DIC was already
certain after the diagnosis of sepsis, considering the normal thrombocyte level at the time
of sepsis diagnosis. However, 7 of 11 patients arrived at the ER with clinical signs of both
sepsis and DIC; thus, the hemostatic examinations were conducted at the same time as
sepsis diagnosis, and their temporal relationship could not be specified. Therefore, on
the basis of the results and limitations of this study, we recommend clinicians to carefully
monitor septic patients that have low albumin, considering their possible higher risk of
developing DIC.

We also found that respiratory infection predisposes septic patients to DIC. The
respiratory system is one of the most common infection sites associated with sepsis and
mortality due to sepsis. A study by Chou et al. (2020) found the lower respiratory tract
is one of the three sites most commonly infected in adult septic patients in the US (36.6%
out of 7,860,687 patients) [24]. In Indonesia, where this study was conducted, the lower
respiratory tract is also the most prevalent site of infection in septic patients according to
the national reimbursement plan [25]. This is in accordance with our study, where we found
that in the majority of the patients (73.8%), respiratory infection was the cause of sepsis
considering infections in other organ systems. The respiratory infections encountered
in this study were community-acquired pneumonia, hospital-acquired pneumonia, and
tuberculosis. Pathophysiologically, pneumonia is associated with activation of the clotting
system and inhibition of anticoagulant factors, which are observed in both septic and
non-septic patients [26]. In a study by Vail et al., an increase was also observed in protein
C and markers of thrombosis (D-dimer, TAT, and F1.2), fibrinolysis (plasminogen and
PAI-1), and inflammation (IL-6 and TNFa) in patients with severe sepsis as a result of
community-acquired pneumonia [27].

The relationship between time before administering of antibiotics and DIC develop-
ment in septic patients has not previously been extensively studied. Only one study by
Kelm et al. (2013), which assessed the time of antibiotic administration in septic shock
patients, revealed a statistically significant association with DIC development (OR 1.07, 95%
CI1.03-1.12, p < 0.001) [28]. The current surviving sepsis guidelines, from 2021, recommend
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that empiric antibiotics be given within the first 1 h in septic patients to reduce sepsis-
associated mortality [29]. Although a direct causational explanation for the association
between early antibiotic administration and reduced DIC development is lacking, early
use of antibiotics may aid in reducing the number of pathogens or reduce proliferation of
pathogens, thereby reducing the induction of systemic coagulation associated with systemic
inflammatory and immune responses [28].

Variables found to be significant in the bivariate analysis, despite their lack of sig-
nificance according to the multivariate analysis, should also be considered as potential
risk factors due to their clinical and pathophysiological correlation. These factors were
age >60 years, hematological cancer, and metabolic disease, with hematological cancer
showing the highest OR of 3.286.

In their study, Kelm et al. (2013) found that DIC tends to occur in younger septic
patients, although the association between the two was not statistically significant (OR 0.98;
95% CI 0.96-1; p = 0.19) [28]. We also did not find any association between age less than
60 years and DIC development in septic patients in our results. However, pathophysiolog-
ically, the correlation between age and DIC in septic patients may be explained through
the concept of immunothrombosis, where a greater adaptive immune response, innate
immune response, and inflammatory response in sepsis lead to a greater likelihood of the
immune system inducing coagulation [30,31]. Activation of coagulation is mainly due
to the activation of tissue factors through the pathway of pathogen-associated molecular
patterns, damage-associated molecular patterns, neutrophil extracellular net, and expres-
sion of procoagulant factors on the damaged endothelium [30,31]. Meanwhile, in geriatric
patients, it was found that there was a decrease in the response of the adaptive immune
system and the innate immune system in terms of antigen production and expression in
immune cells, which may reduce the risk of DIC [32,33].

The association between metabolic disease and DIC in sepsis cases may be pathophys-
iologically explained. Generally, diabetic patients are in a prothrombotic and procoagulant
state with increased activation of thrombocytes, increased activation of procoagulant factors
(fibrinogen, tissue factor, factor VII, and PAI-1), and resistance of plasminogen to lysis
through oxidation and glycosylation of fibrinogen and plasminogen [34,35]. The proinflam-
matory state of septic patients with diabetes may also contribute the risk of thrombosis
through immune activation [34,35]. These patients exhibit increased vascular inflammatory
responses through free-radical production and a reduction in antioxidants as well as activa-
tion of NF-kB signaling pathways through fatty acid binding with Toll-like receptors [34,35].
Chemotactic and phagocytic attributes of neutrophils toward platelet-activating factors are
also altered in these patients [34,35].

The relationship between hematological cancer and the incidence of DIC in sepsis
can also be explained through the prohemostatic condition caused by cancer cells [36,37].
The general relationship between hematological cancer and DIC was described in a study
conducted by Levi et al. (2019), which found that DIC occurs in 15-20% of hematological
cancers, especially in patients with acute promyelocytic leukemia (AML M3) [23]. Tumor
cells can express procoagulant molecules on their surface, including tissue factor, a major
inducer of coagulation in infectious conditions, through binding to clotting factor Vlla,
factor IX, and factor X [36,37]. In addition, cancer cells can also induce the action of
plasminogen activator [36,37]. However, differentiating hematological cancer as a cause
of DIC before patients develop sepsis or as a predisposing factor to developing DIC in
septic patients remains a challenge in clinical practice, with no current study specifically
addressing this matter.

Due to the design of this study, it was not possible to accurately differentiate DIC
caused by cancer from DIC in septic patients predisposed by hematological cancer. This
would require study with a prospective cohort design and assessing hematological malig-
nancy in two distinct groups of non-septic patients and septic patients with hematological
malignancy. Furthermore, complete hemostatic parameters to assess DIC (D-dimer, fibrino-
gen, thrombocyte, and prothrombin time) before a sepsis diagnosis and at the time of DIC
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diagnosis are recommended toward more effectively assessing the relationship between
hematological cancer and DIC.

This retrospective study could only describe hematological cancer as a predisposing
factor for DIC in sepsis through hematological parameters assessed at the time of sepsis
diagnosis and at the time of DIC diagnosis, as complete hemostatic parameters were not
determined serially due to clinical importance and patient consideration of costs. There
were ten septic patients with hematological cancer who met the overt DIC criteria based
on ISTH (Supplementary Table S2). Out of 10 septic patients with hematological cancer
who developed DIC, 8 had low levels of thrombocyte (below 100,000/uL) and 2 had
normal thrombocytes at the time of sepsis diagnosis. The patients with normal initial
thrombocyte levels and 5 out of 8 patients with low initial thrombocyte levels subsequently
experienced decreases in thrombocyte levels when they developed DIC, while 2 patients
experienced increases in thrombocyte levels. The one remaining patient with low initial
thrombocyte levels was diagnosed with DIC at the same time as sepsis, as hemostatic
parameters were conducted at the time of sepsis diagnosis due to clinical signs of DIC upon
arrival. Hemostatic parameters in this patient were not serially evaluated because DIC was
already diagnosed, and the patient died 5 days after arrival.

Through the case-by-case description mentioned above, an assumption that hema-
tological cancer predisposes to DIC development and worsening hematological status in
septic patients could be made, considering that the majority of patients assessed (7 out of 10)
experienced decreases in thrombocyte levels after sepsis, which led to DIC development.

According to the type of hematological cancer in septic patients who developed DIC,
there were 3 patients with acute myelogenous leukemia, 2 patients with chronic myeloge-
nous leukemia, 2 patients with non-Hodgkin’s lymphoma, and 2 patients with Hodgkin’s
lymphoma (Supplementary Table S2). DIC in hematological cancer could develop sponta-
neously at the time of diagnosis, on initiation of chemotherapy [36]. Levi reported that DIC
developed in 95% of AML patients at the time of diagnosis [36]. Meanwhile, a study by
Chi et al. assessing DIC incidence in 236 NHL patients found that only 11.2% of patients
developed DIC [38]. The results of these previous studies showed varying DIC incidence
according to hematological cancer type and, therefore, must be explored further. However,
up until now, there has been no study assessing the development of DIC caused by hemato-
logical cancer excluding septic patients; therefore, an accurate depiction of DIC incidence,
whether caused by hematological cancer itself or sepsis, is still lacking.

8. Study Limitation

A limitation of this retrospective study is that it gathered only limited examination
data required to fully assess SOFA score, as full examinations are not routinely conducted
in daily practice, especially in a non-ICU setting. Therefore, this study used qSOFA, a
simplification of SOFA score, which performs sufficiently well compared with SOFA and
LODS in a non-ICU setting [18]. Since this study was a retrospective cohort study of sepsis
assessed in a non-ICU setting (emergency room or ward) with limited resources, the gSOFA
score was deemed sufficient and simpler for this assessment, although there is still the
possibility that non-septic patients were included in the study.

Prospective studies are needed to further analyze the factors associated with DIC,
especially in hematological cancer and liver disease patients. Due to its retrospective
design, this study was limited regarding the ability to control serial hematological and
hemostatic examinations at certain times of diagnoses; therefore, we were unable to assess
the temporal aspect of DIC development. For example, in patients with hematological
cancet, poor hematologic parameters such as low thrombocyte levels may be caused by
the development of hematological cancer but could masquerade as DIC. Thus, not all
hematological alterations may have been due to DIC.

This study sets a foundation and future directions for analyzing factors associated
with DIC development in sepsis, and we recommend further prospective research on these
variables. We recommend conducting a prospective cohort study evaluating complete
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hematologic and hemostatic parameters to assess DIC before the diagnosis of sepsis, at the
time of sepsis or DIC diagnosis, and after the diagnosis of DIC.

9. Conclusions

Low albumin levels, respiratory infection, and antibiotic administration >1 h are
associated with DIC development in septic patients. Further studies, especially multicenter
studies, are needed to confirm the findings of this study.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/jcm11216480/s1. Table S1. Characteristics of patients with sepsis,
DIC, and liver disease; Table S2. Characteristics of patients with sepsis, DIC, and hematological
cancer.

Author Contributions: Conceptualization, I.R. and M.K.S.; methodology, I.R. and M.K.S.; validation,
LR., M.KS. and N.A.P; formal analysis, LR.; investigation, L.R.; resources, L.R.; data curation, L.R.;
writing—original draft preparation, L.R.; writing—review and editing, LR., M.K.S. and N.A.P; visual-
ization, LR.; supervision, M.K.S. and N.A.P,; project administration, I.R.; funding acquisition, I.R. and
M.K.S. All authors have read and agreed to the published version of the manuscript.

Funding: This study received funding from Indonesian Ministry of Education, Research, and Tech-
nology under decision letter number 0267 /E5/AK.04/2022 and contract numbers 172.PKS/WRIII-
DRP/UlI/2022 and 091/E5/PG.02.00.PT /2022.

Institutional Review Board Statement: This study was reviewed and approved by the Ethics Com-
mittee of the Faculty of Medicine, University of Indonesia—Cipto Mangunkusumo Hospital on 7
February 2022 under decision letter number KET-108/UN2.F1/ETIK/PPM.00.02/2022, with regard
to the protection of human rights and welfare in medical research.

Informed Consent Statement: Patient consent was waived due to institutional and ethical committee
review that determine this study does not require informed consent.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy.

Acknowledgments: The authors acknowledge Kevin Winston, Brenda Cristie Edina for their con-
tributions in data analysis and draft preparation. The authors also acknowledge Brenda Cristie
Edina, Lowilius Wiyono, Samuel Pratama, Indy Larasati Wardhana, Fiyandi Afianda, Jessica Jurica
Otniella, Yuli Shuffiyani Maulidiya, Ihya Fakhrurizal Amin, Idham Rafly Dewantara, and Jeremy
Rafael Tandaju for their contributions in data gathering.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Singer, M.; Deutschman, C.S.; Seymour, C.W.; Shankar-Hari, M.; Annane, D.; Bauer, M.; Bellomo, R.; Bernard, G.R.; Chiche, J.-D.;
Coopersmith, C.M.; et al. The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 2016, 315,
801-810. [CrossRef] [PubMed]

Marik, PE.; Taeb, A.M. SIRS, qSOFA and new sepsis definition. J. Thorac. Dis. 2017, 9, 943-945. [CrossRef]

Rhee, C.; Klompas, M. Sepsis trends: Increasing incidence and decreasing mortality, or changing denominator? J. Thorac. Dis.
2020, 12, S89-5100. [CrossRef] [PubMed]

Rudd, K.E; Johnson, S.C.; Agesa, K.M.; Shackelford, K.A.; Tsoi, D.; Kievlan, D.R.; Vcolombara, D.; Sikuta, K.; Kissoon, N.; Finfer,
S.; et al. Global, regional, and national sepsis incidence and mortality, 1990-2017: Analysis for the Global Burden of Disease Study.
Lancet 2020, 395, 200-211. [CrossRef]

Rubens, M.; Saxena, A.; Ramamoorthy, V,; Das, S.; Khera, R.; Hong, J.; Armaignac, D.; Veledar, E.; Nasir, K.; Gidel, L. Increasing
Sepsis Rates in the United States: Results from National Inpatient Sample, 2005 to 2014. J. Intensiv. Care Med. 2020, 35, 858-868.
[CrossRef] [PubMed]

Dugar, S.; Choudhary, C.; Duggal, A. Sepsis and septic shock: Guideline-based management. Clevel. Clin. |. Med. 2020, 87, 53-64.
[CrossRef]

Simmons, J.; Pittet, ].F. The coagulopathy of acute sepsis. Curr. Opin. Anaesthesiol. 2015, 28, 227-236. [CrossRef]

Saito, S.; Uchino, S.; Hayakawa, M.; Yamakawa, K.; Kudo, D.; lizuka, Y.; Sanui, M.; Takimoto, K.; Mayumi, T.; Sasabuchi, Y.
Epidemiology of disseminated intravascular coagulation in sepsis and validation of scoring systems. J. Crit. Care 2019, 50, 23-30.
[CrossRef]


https://www.mdpi.com/article/10.3390/jcm11216480/s1
https://www.mdpi.com/article/10.3390/jcm11216480/s1
http://doi.org/10.1001/jama.2016.0287
http://www.ncbi.nlm.nih.gov/pubmed/26903338
http://doi.org/10.21037/jtd.2017.03.125
http://doi.org/10.21037/jtd.2019.12.51
http://www.ncbi.nlm.nih.gov/pubmed/32148931
http://doi.org/10.1016/S0140-6736(19)32989-7
http://doi.org/10.1177/0885066618794136
http://www.ncbi.nlm.nih.gov/pubmed/30175649
http://doi.org/10.3949/ccjm.87a.18143
http://doi.org/10.1097/ACO.0000000000000163
http://doi.org/10.1016/j.jcrc.2018.11.009

J. Clin. Med. 2022, 11, 6480 12 0f13

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Dhainaut, J.-F,; Yan, S.B.; Joyce, D.E,; Pettila, V.; Basson, B.; Brandt, ].T.; Sundin, D.P,; Levi, M. Treatment effects of drotrecogin alfa
(activated) in patients with severe sepsis with or without overt disseminated intravascular coagulation. J. Thromb. Haemost. 2004,
2,1924-1933. [CrossRef]

Semeraro, N.; Ammollo, C.T.; Semeraro, F.; Colucci, M. Sepsis-associated disseminated intravascular coagulation and throm-
boembolic disease. Mediterr. ]. Hematol. Infect. Dis. 2010, 2, €2010024. [CrossRef]

Wang, E.; Liu, Y.; Qiu, X,; Tang, Y.; Wang, H.; Xiao, X.; Chen, F.; Lu, B. Bacteria-released outer membrane vesicles promote
disseminated intravascular coagulation. Thromb. Res. 2019, 178, 26-33. [CrossRef] [PubMed]

Iba, T.; Di Nisio, M.; Levy, ].H.; Kitamura, N.; Thachil, ]. New criteria for sepsis-induced coagulopathy (SIC) following the revised
sepsis definition: A retrospective analysis of a nationwide survey. BM] Open 2017, 7, e017046. [CrossRef] [PubMed]

Gando, S.; Shiraishi, A.; Yamakawa, K.; Ogura, H.; Saitoh, D.; Fujishima, S.; Mayumi, T.; Kushimoto, S.; Abe, T. Disseminated
Intravascular Coagulation in Severe Sepsis. Chest 2019, 156, A1122. [CrossRef]

Sarcon, A.; Liu, X.; Ton, D.; Haywood, J.; Hitchcock, T. Advanced Congestive Heart Failure Associated with Disseminated
Intravascular Coagulopathy. . Investig. Med. High Impact Case Rep. 2015, 3, 2324709615623298. [CrossRef]

Ben-Ari, Z.; Osman, E.; Hutton, R.A.; Burroughs, A.K. Disseminated intravascular coagulation in liver cirrhosis: Fact or fiction?
Am. ]. Gastroenterol. 1999, 94, 2977-2982. [CrossRef]

Carr, ].M. Disseminated intravascular coagulation in cirrhosis. Hepatology 1989, 10, 103-110. [CrossRef]

Limmathurotsakul, D. Causes and outcomes of sepsis in southeast Asia: A multinational multicentre cross-sectional study. Lancet
Glob. Health 2017, 5, e157-€167. [CrossRef]

Koch, C.; Edinger, F.; Fischer, T.; Brenck, F.; Hecker, A.; Katzer, C.; Markmann, M.; Sander, M.; Schneck, E. Comparison of gSOFA
score, SOFA score, and SIRS criteria for the prediction of infection and mortality among surgical intermediate and intensive care
patients. World J. Emerg. Surg. 2020, 15, 63. [CrossRef]

Potze, W.; Porte, R.J.; Lisman, T. Management of coagulation abnormalities in liver disease. Expert Rev. Gastroenterol. Hepatol.
2015, 9, 103-114. [CrossRef]

Tripodi, A.; Primignani, M.; Mannucci, PM. Abnormalities of hemostasis and bleeding in chronic liver disease: The paradigm is
challenged. Intern. Emerg. Med. 2010, 5, 7-12. [CrossRef]

Anderko, RR.; Gémez, H.; Canna, S.W.; Shakoory, B.; Angus, D.C.; Yealy, D.M.; Huang, D.T.; Kellum, J.A.; Carcillo, ].A.; Barnato,
A.E,; et al. Sepsis with liver dysfunction and coagulopathy predicts an inflammatory pattern of macrophage activation. Intensiv.
Care Med. Exp. 2022, 10, 6. [CrossRef] [PubMed]

Senzolo, M.; Burra, P.; Cholongitas, E.; Burroughs, A.-K. New insights into the coagulopathy of liver disease and liver transplanta-
tion. World ]. Gastroenterol. 2006, 12, 7725-7736. [CrossRef] [PubMed]

Ding, R.; Wang, Z.; Lin, Y.; Liu, B.; Zhang, Z.; Ma, X. Comparison of a new criteria for sepsis-induced coagulopathy and
International Society on Thrombosis and Haemostasis disseminated intravascular coagulation score in critically ill patients with
sepsis 3.0: A retrospective study. Blood Coagul. Fibrinolysis 2018, 29, 551-558. [CrossRef]

Chou, E.H.; Mann, S.; Hsu, T.-C.; Hsu, W.-T,; Liu, C.C.-Y.; Bhakta, T.; Hassani, D.M.; Lee, C.-C. Incidence, trends, and outcomes of
infection sites among hospitalizations of sepsis: A nationwide study. PLoS ONE 2020, 15, e0227752. [CrossRef]

Purba, A.K.R.; Mariana, N.; Aliska, G.; Wijaya, S.H.; Wulandari, R.R.; Hadi, U.; Hamzah; Nugroho, C.W.; van der Schans, J.;
Postma, M.]. The burden and costs of sepsis and reimbursement of its treatment in a developing country: An observational study
on focal infections in Indonesia. Int. . Infect. Dis. 2020, 96, 211-218. [CrossRef]

Violi, F; Cangemi, R.; Calvieri, C. Pneumonia, thrombosis and vascular disease. ]. Thromb. Haemost. 2014, 12, 1391-1400.
[CrossRef] [PubMed]

Vail, G.M,; Xie, Y.J.; Haney, D.J.; Barnes, C. Biomarkers of Thrombosis, Fibrinolysis, and Inflammation in Patients with Severe
Sepsis due to Community-Acquired Pneumonia with and without Streptococcus pneumoniae. Infection 2009, 37, 358-364.
[CrossRef]

Kelm, D.J.; Valerio-Rojas, J.C.; Cabello-Garza, J.; Gajic, O.; Cartin-Ceba, R. Predictors of Disseminated Intravascular Coagulation
in Patients with Septic Shock. ISRN Crit. Care 2013, 2013, 219048. [CrossRef]

Evans, L.; Rhodes, A.; Alhazzani, W.; Antonelli, M.; Coopersmith, C.M.; French, C.; Machado, FR.; Mcintyre, L.; Ostermann,
M.; Prescott, H.C.; et al. Surviving sepsis campaign: International guidelines for management of sepsis and septic shock 2021.
Intensiv. Care Med. 2021, 47,1181-1247. [CrossRef]

Iba, T.; Levi, M.; Levy, ].H. Sepsis-Induced Coagulopathy and Disseminated Intravascular Coagulation. Semin. Thromb. Hemost.
2020, 46, 089-095. [CrossRef]

Iba, T.; Japanese Surviving Sepsis Campaign Guideline Working Group for disseminated intravascular coagulation; Watanabe, E.;
Umemura, Y.; Wada, T.; Hayashida, K.; Kushimoto, S.; Wada, H. Sepsis-associated disseminated intravascular coagulation and its
differential diagnoses. J. Intensiv. Care 2019, 7, 32. [CrossRef] [PubMed]

Opal, S.M,; Girard, T.D.; Wesley Ely, E. The Inmunopathogenesis of Sepsis in Elderly Patients [Internet]. Clinical Infectious
Diseases. 2005, Volume 41. Available online: https://academic.oup.com/cid/article/41/Supplement_7/5504/667351 (accessed
on 2 October 2022).

Juneja, D.; Nasa, P.; Singh, O. Severe sepsis and septic shock in the elderly: An overview. World J. Crit. Care Med. 2012, 1, 23-30.
[CrossRef] [PubMed]


http://doi.org/10.1111/j.1538-7836.2004.00955.x
http://doi.org/10.4084/mjhid.2010.024
http://doi.org/10.1016/j.thromres.2019.03.019
http://www.ncbi.nlm.nih.gov/pubmed/30953960
http://doi.org/10.1136/bmjopen-2017-017046
http://www.ncbi.nlm.nih.gov/pubmed/28963294
http://doi.org/10.1016/j.chest.2019.08.1025
http://doi.org/10.1177/2324709615623298
http://doi.org/10.1111/j.1572-0241.1999.01446.x
http://doi.org/10.1002/hep.1840100120
http://doi.org/10.1016/s2214-109x(17)30007-4
http://doi.org/10.1186/s13017-020-00343-y
http://doi.org/10.1586/17474124.2014.934673
http://doi.org/10.1007/s11739-009-0302-z
http://doi.org/10.1186/s40635-022-00433-y
http://www.ncbi.nlm.nih.gov/pubmed/35190900
http://doi.org/10.3748/wjg.v12.i48.7725
http://www.ncbi.nlm.nih.gov/pubmed/17203512
http://doi.org/10.1097/MBC.0000000000000755
http://doi.org/10.1371/journal.pone.0227752
http://doi.org/10.1016/j.ijid.2020.04.075
http://doi.org/10.1111/jth.12646
http://www.ncbi.nlm.nih.gov/pubmed/24954194
http://doi.org/10.1007/s15010-008-8128-6
http://doi.org/10.5402/2013/219048
http://doi.org/10.1007/s00134-021-06506-y
http://doi.org/10.1055/s-0039-1694995
http://doi.org/10.1186/s40560-019-0387-z
http://www.ncbi.nlm.nih.gov/pubmed/31139417
https://academic.oup.com/cid/article/41/Supplement_7/S504/667351
http://doi.org/10.5492/wjccm.v1.i1.23
http://www.ncbi.nlm.nih.gov/pubmed/24701398

J. Clin. Med. 2022, 11, 6480 13 0f 13

34.
35.
36.
37.

38.

Pechlivani, N.; Ajjan, R.A. Thrombosis and Vascular Inflammation in Diabetes: Mechanisms and Potential Therapeutic Targets.
Front. Cardiovasc. Med. 2018, 5, 135. [CrossRef]

Trevelin, S.C.; Carlos, D.; Beretta, M.; da Silva, J.S.; Cunha, EQ. Diabetes Mellitus and Sepsis A Challenging Association. Shock.
2017, 47, 276-287. [CrossRef]

Levi, M. Disseminated Intravascular Coagulation in Cancer: An Update. Semin. Thromb. Hemost. 2019, 45, 342-347. [CrossRef]
Papageorgiou, C.; Jourdi, G.; Adjambri, E.; Walborn, A.; Patel, P; Fareed, J.; Elalamy, I.; Hoppensteadt, D.; Gerotziafas, G.T.
Disseminated Intravascular Coagulation: An Update on Pathogenesis, Diagnosis, and Therapeutic Strategies. Clin. Appl. Thromb.
2018, 24 (Suppl. S9), 85-28S. [CrossRef]

Chi, S.; Ikezoe, T. Disseminated intravascular coagulation in non-Hodgkin lymphoma. Int. J. Hematol. 2015, 102, 413-419.
[CrossRef]


http://doi.org/10.3389/fcvm.2018.00001
http://doi.org/10.1097/SHK.0000000000000778
http://doi.org/10.1055/s-0039-1687890
http://doi.org/10.1177/1076029618806424
http://doi.org/10.1007/s12185-015-1854-5

	Introduction 
	Method 
	Inclusion and Exclusion Criteria 
	Variables 
	Statistical Analysis 
	Result 
	Discussion 
	Study Limitation 
	Conclusions 
	References

