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Abstract
Sepsis is a life-threatening condition that has the potential to multiple organ dysfunction and 
mortality. One of its frequent complications is disseminated intravascular coagulation (DIC), 
characterized by hyperactive clotting mechanisms that cause widespread clot formation and 
tissue damage. This study aimed to investigate  early diagnostic markers of sepsis-associated 
DIC by comparing  inflammatory factor levels, 28-day survival rates, coagulation function, 
and markers between patients with sepsis (non-DIC group) and those with sepsis-induced DIC 
(DIC group). The study analyzed the diagnostic efficacy of coagulation function and markers in 
predicting the occurrence and prognosis of sepsis-associated DIC, presenting survival curves. 
Results indicated significantly increased levels of APTT, TAT, tPAIC, PIC, and sTM in the DIC 
group compared to the non-DIC group. Sequential Organ Failure Assessment (SOFA) scores on 
days 1, 3, and 7 were notably lower in the non-DIC group. Correlation analysis revealed pos-
itive associations between PT, APTT, TAT, tPAIC, PIC, sTM levels, and SOFA scores, as well as 
negative associations with Fib and SOFA scores. Survival curves showed substantially lower 
mortality rates in the non-DIC group, highlighting significant survival disparities between 
groups. Combining all four coagulation indicators (TAT+ tPAIC + PIC + sTM) showed promising 
diagnostic value in evaluating disease severity, early DIC diagnosis, and sepsis prognosis.
© 2024 Codon Publications. Published by Codon Publications.
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Affiliated Hospital, Jiangxi Medical College. The study 
included patients diagnosed with sepsis upon admission 
from January 2022 to January 2023.

Inclusion criteria of the study: age ≥ 18 years; diagnosis 
of sepsisaccording to the Sepsis-3.0 diagnostic criteria;13 all 
enrolled patients had complete clinical data available, and 
voluntarily signed an informed consent form.

Exclusion criteria of the study: history of hematologic dis-
orders; previous coagulation system-related disorders such 
as heparin-induced thrombocytopenia and thrombotic 
thrombocytopenic purpura; patients with concomitant 
malignancies; antiphospholipid syndrome; trauma, intoxi-
cation, or pregnancy; cirrhosis Child-Pugh class C; history 
of thrombophilia disorders (antithrombin deficiency, pro-
tein S deficiency, and protein C deficiency); and patients 
who had received anticoagulant medication (warfarin, dab-
igatran, rivaroxaban, and heparin/low molecular heparin) 
prior to enrollment; incomplete clinical data; psychiatric or 
other illnesses leading to very poor compliance; reluctance 
to participate in the study and failure to provide a signa-
ture on the informed consent form.

The Ethics Committee of our hospital approved the 
study protocol and grantedpermission for the study to be 
conducted.

Data collection

Collection of basic data of patients at subgroup 
level

A total of 100 patients were divided into two groups: the 
DIC group, which consisted of 34 patients diagnosed accord-
ing to the diagnostic criteria of the International Society 
on Thrombosis and Haemostasis (ISTH), and  the non-DIC 
group, which included 66 patients. The study recorded and 
analyzed the age, gender, site of infection, and underlying 
diseases of patients in both groups.

Research methods and index observation

All patients received anti-infective treatment and fluid 
resuscitation according to the 2016 “Save the Sepsis 
Campaign” (SSC) guidelines.14 Vasoactive drugs and 
mechanical ventilation were admistered as needed to 
support respiration,  along with symptomatic supportive 
treatment for various organ systems.

Upon admission, the index information was collected, 
including serum levels of cytokines [Tumor necrosis 
factor-α (TNF-α), C-reactive protein (CRP), interleukin 6 
(IL-6)], coagulation function tests [prothrombin time (PT), 
activated partial thromboplastin time (APTT), and fibrin-
ogen (Fib)]. In addition, coagulation markers [Thrombin-
antithrombincomplex (TAT), t-PAIC, plasmin antiplasmin 
complex (PIC), and soluble thrombomodulin (sTM)] were 
measured.

TNF-α and IL-6 were detected using enzyme-linked 
immunosorbent assay, while CRP was measured by immu-
noturbidimetric assay. Coagulation function was assessed 
using an ACL TOP 700 automatic coagulation analyzer from 

Introduction

Sepsis is a life-threatening condition caused by the dys-
regulated systemic response to infection, resulting in 
organ dysfunction and substantial morbidity and mortality 
rates.1 Global hospital data indicate annual incidence of 
189 cases per 100,000 individuals, highlighting sepsis  as a 
significant public health issue.2 Previous studies have con-
sidered coagulation disorders as a complication that arises 
in the later stages of sepsis. However, recent domestic 
and international animal experiments and clinical studies 
have increasingly shown that coagulation abnormalities are 
present throughout the entire pathological progression of 
sepsis. These findings highlight coagulation dysfunction as 
a critical factor that affects both the onset and progno-
sis of sepsis.3,4 The pathogenesis of coagulation disorders 
in sepsis includes overproduction of thrombin, reduction 
of endogenous anticoagulant substances, and inhibition of 
fibrinolysis, leading to the development of microvascular 
thrombosis, which may progress to disseminated intravas-
cular coagulation (DIC) in severe cases.5 DIC is a challenging 
syndrome in the field of critical care, and it is relatively 
difficult to diagnose clinically. Previous studies have estab-
lished a clear correlation between the existence of DIC in 
sepsis and the severity and prognosis of the illness. It has 
been confirmed that the presence and absence of DIC in 
sepsis is closely correlates with the severity and prognosis 
of the disease, and the morbidity and mortality rates are 
significantly higher in patients with apparent DIC compared 
to those without apparent DIC.6 Therefore, timely identifi-
cation and intervention of sepsis-induced DIC play a critical 
role in improving outcomes. Early diagnosis of DIC in sepsis 
has been challenging because DIC diagnostic scoring indices 
focus on coagulation factor and platelet deficiencies, which 
are typically observed in the later stages of DIC.7 It has been 
found that more sensitive coagulation markers for coagu-
lation or fibrinolytic activation are likely to be useful for 
early diagnosis of DIC.8 Earlier studies have confirmed that 
markers such as thrombin-antithrombin complex (TAT) and 
plasminogen antifibrinolytic complex (PIC) show a notable 
increase before and after the diagnosis of DIC. However, 
they are not necessarily associated with multiple organ 
failure or prognosis.9 Tissue plasminogen activator inhibitor 
complex (t-PAIC) and soluble thrombomodulin (sTM) were 
found to be significantly elevated both before and after the 
diagnosis of DIC, but these markers were not associated 
with multi-organ failure or prognosis.10 Previous studies 
have confirmed that the coagulation markers mentioned 
above have a certain diagnostic value for DIC. However, 
the primary focus of these studies has been on individuals 
with hematologic and solid tumors, with limited research 
specifically on patients with sepsis.11,12 For this reason, the 
following study was conducted to explore the early diag-
nostic value of markers of coagulation and cellular damage 
in predicting the prognosis of sepsis-associated DIC.

Information and Methods

General information

A retrospective study was conducted at the emergency 
intensive care unit and central care unit of The Second 
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Comparison of coagulation function indexes of 
patients in two groups

The results of the coagulation function indices of the two 
groups of patients on day 1, day 3, and day 7 are shown in 
Table 2. There was no significant difference between the 
two groups of patients except for the comparison of PT 
indices detected on day 3 and day 7 (p>0.05). Compared 
to the DIC group, patients in the non-DIC group had sig-
nificantly lower PT on day 1, APTT on days 1, 3, and 7, and 
significantly higher Fib on days 1, 3, and 7 (p<0.05).

Comparison of coagulation marker levels between 
the two groups of patients

The results of coagulation markers of patients in the two 
groups on day 1, day 3, and day 7 are shown in Table 3. 

Wolfen, USA. The four coagulation markers were detected 
using a “Shine I automatic luminescence immunoassay 
analyzer” from Shenzhen Yingkai. The detection kits were 
purchased from Wuhan Jilide Biotechnology Co., Ltd. (East 
Lake New Technology Development Zone, Wuhan, Hubei 
Province, China).

A chemiluminescence enzyme immunoassay was used 
as the detection method.

Assessment of disease severity indicators

The corrected Acute Physiology and Chronic Health 
Evaluation II (APACHE II)15 and the corrected Sequential 
Organ Failure Assessment (SOFA) score16 were assessed at 
three time points: on day 1, day 3, and day 7.

Secondary endpoint indicators

The 28-day survival of patients in the two groups was 
recorded, and survival curves were plotted to analyze 
and compare the outcomes between the DIC and non-DIC 
groups.

Statistical methods

The study data were analyzed using SPSS 23.0 software. 
Measurement data were described statistically as (X ± SD). 
Count data that followed a normal distribution were ana-
lyzed using the chi-square test, while data that did not 
follow a normal distribution were expressed as median 
values (25%, 75%) and analyzed using the Mann-Whitney 
U test. To examine the correlation between coagulation 
markers, cytokines, and patient prognosis, Spearman’s 
rank correlation coefficient was employed. The absolute 
value of correlation coefficient above 0.7 indicated strong 
correlation, the absolute value of correlation coefficient 
between 0.3 and 0.7 was moderate correlation, and the 
absolute value of correlation coefficient below 0.3 was 
considered as weak correlation or irrelevant. Receiver 
Operating Characteristic (ROC) curves were plotted, 
and the area under the curve (AUC) was calculated to 
assess  the diagnostic accuracy of study variables for pre-
dicting the occurrence of DIC and death. Finally, survival 
curves for 28 days survival were analyzed using the Kaplan-
Meier method. A significance level of p<0.05 indicated that 
differences between groups were statistically significant.

Results

Comparison of the results of the general informa-
tion of the two groups of patients

The study found that among 100 sepsis patients, 34% 
developed DIC. The comparison of age, sex ratio, site 
of infection, underlying disease, and serologic indices 
between the two groups was not statistically significant 
(p>0.05). However, there were significant differences in the 
levels of platelets and WBC between the DIC group and the 
non-DIC group (p<0.05). The results are shown in Table 1.

Table 1  Comparison of general information and levels of 
inflammatory factors between the two groups of patients.

Information
DIC group 

(n=34)
Non-DIC 

group (n=66) χ2/t p

Average age (yrs) 61.87±8.48 59.23±9.87 1.325 0.188
Male-to-female 

sex ratio
19/15 42/24 0.567 0.451

Site of infection 0.484 0.922
Respiratory 

system
11 21

Digestive system 13 25
Urinary system 9 16
 Other sites 1 4
Underlying 

diseases
0.175 0.916

Hypertension 16 29
Coronary heart 

disease
6 11

Diabetes 9 20
TNF-α(pg/mL) 89.57±11.50 88.04±12.85 0.584 0.561
CRP(mg/L) 130.13±40.84 120.24±33.63 1.293 0.199
IL-6(pg/mL) 191.34±47.46 188.47±52.21 0.268 0.789
WBC(*109/L) 23.72±4.94 17.37±3.30 7.656 <0.001
Platelets(*1012/L) 59.52±17.61 171.92±49.57 12.786 <0.001

Table 2  Comparison of coagulation function indices of 
patients in the two groups.

Indicators
DIC group 

(n=34)
Non-DIC group 

(n=66) t p

PT(s) Day 1 18.17±3.03 16.13±2.84 3.325 0.001
Day 3 16.68±2.55 16.55±2.46 0.243 0.809
Day 7 15.83±2.60 14.87±2.46 1.785 0.077

APTT(s) Day 1 53.25±7.34 40.81±6.94 8.324 <0.001
Day 3 47.17±6.08 36.21±6.55 8.115 <0.001
Day 7 42.19±9.33 35.39±5.09 4.725 <0.001

Fib(g/L) Day 1 3.56±1.04 4.91±1.99 3.670 <0.001
Day 3 3.53±0.92 4.99±1.01 7.041 <0.001
Day 7 3.19±0.73 4.26±1.02 5.425 <0.001
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Table 3  Comparison of coagulation marker levels between 
the two groups of patients

Indicators
DIC group 

(n=34)
Non-DIC group 

(n=66) t p

TAT
(ng/mL)

Day 1 14.90±1.37 10.26±3.64 7.157 <0.001
Day 3 12.03±2.21 6.18±1.98 13.468 <0.001
Day 7 10.37±1.18 6.11±2.10 10.977 <0.001

tPAIC
(ng/mL)

Day 1 29.17±8.78 16.24±4.63 9.668 <0.001
Day 3 31.21±8.07 12.16±3.76 16.128 <0.001
Day 7 32.69±8.27 9.77±3.16 19.938 <0.001

PIC
(µg/mL)

Day 1 3.25±0.84 1.70±0.56 11.030 <0.001
Day 3 2.85±0.74 1.13±0.40 15.116 <0.001
Day 7 2.55±0.52 0.82±0.24 22.531 <0.001

sTM
(U/mL)

Day 1 30.89±11.68 18.97±7.13 6.323 <0.001
Day 3 30.20±9.34 15.62±4.73 10.378 <0.001
Day 7 25.37±11.59 12.29±3.57 8.456 <0.001

Table 4  Comparison of disease severity indicators between  
the two groups.

Indicators DIC group (n=34)
Non-DIC roup 

(n=66) t p

SOFA 
score

Day 1 10.95 (7.94,15.40) 5.63 (4.05,6.42) 6.617 <0.001
Day 3 8.79 (6.98,10.13) 4.53 (3.70,5.53) 6.192 <0.001
Day 7 7.15 (5.82,8.68) 2.11 (1.68,2.53) 6.982 <0.001

APACHE 
II 
score

Day 1 16.32±6.73 15.33±4.82 0.844 0.401
Day 3 15.77±8.23 13.62±4.24 1.729 0.087
Day 7 14.69±4.12 11.69±3.44 3.857 0.000

Table 5  Correlation analysis.

Indicators

SOFA score APACHE II score

r p r p

PT 0.272 0.006 0.083 0.413
APTT 0.458 0.000 0.024 0.810 
Fib -0.240 0.016 0.019 0.853
TAT 0.398 0.000 -0.120 0.234
tPAIC 0.367 0.003 0.063 0.535
PIC 0.512 0.000 0.112 0.267
sTM 0.355 0.000 0.025 0.803

Compared to the DIC group, the levels of TAT, tPAIC, PIC, 
and sTM indices of patients in the non-DIC group were sig-
nificantly lower (p<0.05).

Comparison of disease severity indicators 
between the two groups

The statistical values of SOFA scores  along with APACHE 
II scores of patients in the two groups at different times 
are shown in Table 4. It can be seen that compared to the 
DIC group, SOFA scores were significantly lower in the non-
DIC group on days 1, 3, and 7 (p<0.05). APACHE II scores 
were significantly lower in the non-DIC group compared to 
the DIC group on day 7. On days 1 and 3, although there 
was a trend towards lower APACHE II scores in the non-DIC 
group, the difference did not reach statistical significance 
(p<0.05).

These findings suggest that patients in the non-DIC 
group had lower severity scores (SOFA and APACHE II) com-
pared to those in the DIC group.

Correlation analysis

The results of the correlation of coagulation function as 
well as coagulation markers with the scores of disease 
severity are shown in Table 5. The results of correlation 

analysis showed that patients' PT, APTT, TAT, tPAIC, PIC, 
and sTM were significantly and positively correlated with 
patients' SOFA scores, whereas Fib was significantly and 
negatively correlated with SOFA scores (p<0.05). APACHE II 
score did not correlate with the level of the above indica-
tors (p>0.05).

Diagnostic efficacy of coagulation markers and 
coagulation function indices for sepsis DIC

The results of the diagnostic efficacy of coagulation func-
tion and coagulation markers in the diagnosis of sepsis DIC 
are shown in Table 6 and Figure 1. The results indicated 
that while the diagnostic performance of Fib (AUC < 0.5) 
was suboptimal, all other indices demonstrated satisfac-
tory diagnostic efficacy.

The diagnostic effect of combining all four coagulation 
indicators (TAT+ tPAIC + PIC + sTM) exhibited the biggest 
area under the AUC curve, sensitivity of 97.10%, specificity 
of 86.40%, and a Youden index of 83.50%, indicating the 
highest diagnostic efficacy.

Comparison of 28-day survival of patients in two 
groups

According to statistics, 14 patients in the non-DIC group 
died in 28 days, with a mortality rate of 21.21%, while 15 
patients in the DIC group died with a mortality rate of 
44.12%. There was a significant difference in the mortal-
ity rate between the two groups (chi-square value = 5.718, 
p = 0.017). The mean survival value of the DIC group was 
24.924 (23.362–26.486), and there was a significant differ-
ence between the two groups [Log Rank (Mantel-Cox) = 
6.529, p=0.011]. The survival curve is shown in Figure 2.

Diagnostic efficacy of coagulation markers and 
coagulation function indices on prognosis

The predictive power of four coagulation markers and 
coagulation function indices regarding the prognosis of 
patients with sepsis is illustrated in Figure 3 and Table 7. 
The results of the ROC curve show that PT, Fib, and TAT are 
not effective in prognosis, as the area under the AUC curve 
of all three was less than 0.5. The AUC of APTT, tPAIC, 
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multiple organ failure, and severe infections, particularly 
sepsis. Sepsis is a prevalent trigger of DIC, presenting a 
challenging health issue within acute and critical care set-
tings, due to its substantial morbidity and mortality rates.17 
There is no single definitive test for DIC in current clinical 
studies.18 Prior research has shown that clotting abnormal-
ities in sepsis result from a complex interplay between 
inflammation and coagulation.19 In the study, both the 
DIC group and the non-DIC group exhibited mean atypical 
expression levels of inflammatory markers, suggesting that 
both groups experienced significant inflammatory pressure. 
While patients in the DIC group had elevated average levels 
of TNF-α, CRP, and IL-6 compared to those in the non-DIC 

PIC, and sTM was more than 0.5, which indicated that they 
have relevant diagnostic efficacy. The diagnostic effect of 
combining all four coagulation indicators (TAT+ tPAIC + PIC 
+ sTM) was the best, with a sensitivity of 78.60%, a speci-
ficity of 70.80%, and a Youden index of 73.30%.

Discussion

Disseminated intravascular coagulation is not an indepen-
dent disease but rather caused by a variety of diseases 
accompanied by coagulation dysfunction. The advance-
ment of these underlying conditions may result in shock, 

Table 6  Diagnostic efficacy of coagulation markers and coagulation function indices for sepsis DIC

Sensitivity (%)  Specificity (%) Jordon’s Index AUC (95%CI)

PT 61.80 74.20 36.00 0.695 (0.584-0.806)
APTT 88.20 74.20 62.40 0.896 (0.837-0.955)
Fib 59.80 48.50 42.70 0.302 (0.201-0.402)
TAT 82.40 69.70 66.80 0.883 (0.818-0.947)
tPAIC 85.30 81.80 67.10 0.922 (0.869-0.975)
PIC 79.40 93.90 73.30 0.939 (0.890-0.989)
sTM 67.60 90.90 58.50 0.814 (0.710-0.917)
TAT+tPAIC+PIC+sTM 97.10 86.40 83.50 0.954 (0.917-0.990)

Table 7  Diagnostic efficacy of coagulation markers and coagulation function indices on prognosis.

Sensitivity  Specificity Jordon’s Index AUC (95%CI)

PT 35.70 79.20 14.90 0.486 (0.348-0.624)
APTT 50.00 69.40 19.40 0.610 (0.486-0.733)
Fib 17.90 43.10 21.70 0.386 (0.268-0.505)
TAT 71.00 69.70 66.80 0.572 (0.452-0.692)
tPAIC 72.00 52.80 62.22 0.617 (0.500-0.734)
PIC 57.10 69.40 56.50 0.661 (0.543-0.779)
sTM 71.00 66.70 68.10 0.620 (0.487-0.753)
TAT+tPAIC+PIC+sTM 78.60 70.80 73.30 0.681 (0.566-0.797)

Figure 1  ROC curves of different indices in the diagnosis of 
sepsis-induced DIC.

Figure 2  Survival curves at 28 days for both groups.
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can serve as a crucial measure for assessing the status of 
patients with myeloma to some extent.24 During the early 
anticoagulation treatment of patients with acute exacer-
bation of chronic obstructive pulmonary disease (COPD), 
monitoring their index levels can guide the use of anti-
coagulants and potentially improve prognosis.25 Prevailing 
research has substantiated that these four parameters 
exhibit significant diagnostic value in the context of  acute 
deep vein thrombosis.26 In this study, we found that the 
levels of sTM, TAT, PIC, and t-PAIC in the DIC group were 
significantly higher than those in the non-DIC group on days 
1, 3, and 7. The outcomes of correlation analysis further 
validated that the levels of the four indices demonstrated 
a substantial positive correlation with the SOFA score. 
Conversely, there was no significant correlation observed 
with the APACHE II score, indicating that the four neo-
coagulation parameters may not effectively assess the 
severity of the condition in sepsis-induced DIC patients.

The AUC curve areas of the four indexes ranged from 
0.814 to 0.939, all of which were higher than 0.5. The diag-
nostic effect of combining all four coagulation indicators 
(TAT+ tPAIC + PIC + sTM) exhibited the largest area under 
the AUC curve (0.954), sensitivity of 97.10%, specificity of 
86.40%, and a Youden index of 83.50%, indicating the high-
est diagnostic efficacy.

Finally, this study found that the mortality rate in the 
DIC group was significantly higher at 44.12% compared to 
21.21% in the non-DIC group., This finding is consistent with 
the previously reported theories that patients with signif-
icant DIC tend to experience higher mortality rates.27 The 
survival curve analysis confirmed a significant disparity in 
survival rates between the two groups. Additionally, while 
the combination of TAT+ tPAIC + PIC + sTM demonstarted 
the best diagnostic value in this study, it was not the high-
est in terms of its sensitivity 78.60%, specificity 70.80%, 
and Jordon's index 73.30%. As a result, the findings show 
that the accuracy of coagulation indices and markers in 
diagnosing prognosis remains insufficient. Therefore, it is 
crucial to increase the research sample size and conduct a 
more in-depth investigation into this study.

This study has limitations, including a small sample size 
that was not estimated using a formal calculation method 
and a non-standardized selection process. To validate the 
results of this exploratory investigation into the early pre-
diction of DIC in sepsis patients, a larger dataset is needed 
to strengthen the findings. In conclusion, detecting coagu-
lation parameters and four coagulation markers is crucial 
for predicting the onset of sepsis-induced DIC, assessing 
disease severity, and determining prognosis. When com-
bined, all four coagulation indicators exhibit strong diagnos-
tic capability in identifying early-stage sepsis-induced DIC.
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derangement, pre-existing health conditions, and patient 
age. It is a commonly employed tool in clinical settings to 
gauge the severity of critical illness. Additionally, the sys-
tem provides insights into the progression and prognosis of 
patients with severe medical conditions.22 The results of 
correlation analysis also confirmed that PT and APTT were 
positively correlated with SOFA score, while Fib was nega-
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sTM, TAT, PIC, and t-PAIC are the four neo-coagulation 
items, and numerous studies in recent years have confirmed 
that these four neo-coagulation items have certain clinical 
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Figure 3  The diagnostic efficacy of four coagulation markers 
and coagulation function indices on the prognosis of patients 
with sepsis.
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