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Purpose: The aim of this study was to investigate the relationship between ARF and coagulopathy in patients with sepsis and to 
explore the prognostic value of these conditions.
Patients and Methods: The data of 271 patients with sepsis-associated coagulopathy admitted from June 2021 to June 2022 were 
reviewed. The patients were divided into a survival group and a nonsurviving group according to patient prognosis. Independent 
sample t tests were utilized to compare laboratory parameters within 24 hours of admission, as well as the APACHE II and SOFA 
scores, between the two patient groups. According to the sepsis-associated coagulation dysfunction (SAC) grading criteria for grading, 
Spearman correlation analysis was used to study the relationship between blood creatinine and SAC grading and assignment scores, 
and receiver operating characteristic (ROC) curves and Cox’s proportional risk regression model were used to explore the factors 
affecting the prognosis of SAC patients.
Results: Spearman correlation analysis revealed strong associations between serum creatinine (Scr) concentration, SAC classification, 
and SAC score, with coefficients above 0.7. SAC classification outcomes varied significantly with severity: mild severity had a 77.6% 
survival rate versus 22.4% mortality; moderate severity had 21.5% survival versus 78.5% mortality; and severe cases had a 0.7% 
survival rate versus 99.3% mortality (P<0.01 for all). Multivariate analysis revealed significant predictors of outcome, including 
multiple organ dysfunction syndrome (MODS), with an OR of 2.070 (P=0.019); the SOFA score (OR=1.200, P<0.01); the interna-
tional normalized ratio (INR) (OR=0.72, P=0.013); and the Scr level (OR=0.995, P<0.01). The areas under the ROC curves for the 
SOFA score, APACHE II score, and SAC classification were >0.8, all P < 0.05.
Conclusion: In patients with sepsis, SAC grade 3 or a SAC score of 4 or higher is associated with poorer prognosis, and the 
interaction of acute kidney injury exacerbates the degree of SAC, consequently affecting prognosis.

Plain Language Summary: To investigate the relationship between acute renal dysfunction and coagulation dysfunction in patients 
with sepsis and to explore the prognostic value of these conditions. We collected information and laboratory indicators from 271 
patients, classified these two groups of patients according to the grading criteria for sepsis-associated coagulation dysfunction (SAC), 
and compared the differences between them. We utilized Spearman correlation analysis to investigate the relationship between blood 
creatinine and the severity of sepsis-associated coagulation dysfunction (SAC). Additionally, we employed a Cox proportional hazards 
regression model to study the factors influencing the prognosis of SAC patients. This study revealed a significant positive correlation 
between blood creatinine levels and SAC grade. Furthermore, the presence of MODS, INR, blood creatinine, and SOFA score can 
serve as independent predictive factors for mortality. We can infer that there is a significant correlation between coagulation function 
parameters and blood creatinine levels, which play a crucial role in the diagnosis and prognostic analysis of sepsis. In patients with 
sepsis, a higher grade of SAC or an SAC score of 4 or higher indicates a poorer prognosis. Additionally, the interaction with acute 
kidney injury exacerbates the severity of SAC, thereby impacting patient prognosis. 

Keywords: sepsis, sepsis shock, acute kidney injury, sepsis-induced coagulopathy, multiple organ dysfunction syndrome

Open Access Emergency Medicine 2024:16 145–157                                                         145
© 2024 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Open Access Emergency Medicine                                                        Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 16 January 2024
Accepted: 11 June 2024
Published: 3 July 2024

O
pe

n 
A

cc
es

s 
E

m
er

ge
nc

y 
M

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


Introduction
Sepsis is a highly prevalent and critical condition that affects millions of individuals worldwide annually. It leads to 
a significant number of fatalities, comparable in severity to polytrauma, acute myocardial infarction, and acute ischaemic 
stroke. Therefore, enhancing the capability for early recognition and management of sepsis is paramount.

According to the latest definition of sepsis (Sepsis 3.0), sepsis refers to life-threatening organ dysfunction caused by 
a dysregulated host response to infection.1 Common complications of sepsis include acute hepatic and renal failure, acute 
respiratory failure, cerebral oedema, and coagulopathy, often accompanied by shock, and in severe cases, multiple organ 
dysfunction syndrome may ensue. Common complications of sepsis include acute hepatic and renal failure, acute respiratory 
failure, cerebral oedema, and coagulation dysfunction. These conditions can be accompanied by shock and may progress to 
severe multiple-organ dysfunction, with the kidney being one of the earliest and most vulnerable organs to be affected. Indeed, 
more than 40% of sepsis patients experience acute kidney injury (AKI), and the mortality rate of sepsis patients with 
concurrent acute kidney injury is significantly greater than that of patients without acute kidney injury.2,3 The pathogenesis 
of sepsis-induced acute kidney injury is complex and is considered associated with various factors, including haemodynamic 
changes, fluid retention, coagulation dysfunction, and inflammatory cascade reactions.4–6

In patients with sepsis, the presence of two or more concurrent complications is not uncommon, and these complications 
occur frequently. Some scholars speculate that coagulation dysfunction in sepsis may be associated with acute kidney 
injury. During sepsis, the initiation of coagulation and the production of thrombin are triggered by the expression of tissue 
factors on activated monocytes and endothelial cells.7,8 Activation of tissue factor triggers activation of the extrinsic 
coagulation pathway, followed by activation of the intrinsic coagulation pathway, leading to widespread disseminated 
intravascular coagulation (DIC) in the body.9 Furthermore, pathogens induce the production and release of inflammatory 
mediators, known as pathogen-associated molecular patterns (PAMPs). Proinflammatory substances are also activated or 
released from damaged host cells, leading to the production of damage-associated molecular patterns (DAMPs).10 These 
two factors exacerbate the inflammatory response and activate neutrophil extracellular traps (NETs).11–13 NETs not only 
facilitate the formation of platelet thrombi but also interact with extracellular vesicles and extracellular vesicles carrying 
NETs, thereby promoting thrombus formation.12,14 However, research regarding coagulation grading and mortality rates in 
patients with sepsis-related coagulopathy and subsequent acute kidney failure is still lacking.

Therefore, the objective of this study was to investigate the relationship between acute kidney failure (AKF) and 
coagulation dysfunction in patients with sepsis and to explore its ability to predict patient prognosis.

Materials and Methods
Study Design and Population Selection
This study selected septic patients admitted to the Emergency Intensive Care Unit (EICU) between June 2021 and June 2022 as 
the research subjects. The patients were categorized into groups of those with acute kidney injury and those without acute injury. 
The patient coagulation parameters included prothrombin time (PT), international normalized ratio (INR), fibrinogen degradation 
product concentration (FIB), activated partial thromboplastin time (APTT), plasma D-dimer, platelet count (Plt), serum 
creatinine (Scr), sequential organ failure assessment (SOFA) score, and acute physiology and chronic health evaluation II 
(APACHE II) score. The two groups of subjects were matched based on the aforementioned factors. Figure 1 shows the patient 
selection process and an illustration of the process.

Diagnostic Criteria
Diagnostic criteria for sepsis and septic shock.

Sepsis:1 In patients with infection or suspected infection, a diagnosis of sepsis can be made when the SOFA score is 
≥2 points greater than the baseline score.

Diagnostic Criteria for Acute Kidney Injury
Acute kidney injury3,5,15 (AKI) is characterized by a sudden decline in renal function occurring within 7 days or less. An 
increase in Scr of ≥26.5 μmol/L within 48 hours or a ≥50% increase in Scr within 7 days compared to baseline levels is 
considered to indicate an increase in serum creatinine (Scr) within 48 hours.

https://doi.org/10.2147/OAEM.S453632                                                                                                                                                                                                                               

DovePress                                                                                                                                              

Open Access Emergency Medicine 2024:16 146

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Diagnostic Criteria for Sepsis-Induced Coagulopathy
Sepsis-induced coagulopathy8,16: A sepsis-induced coagulopathy (SIC) score ≥4 points can indicate sepsis-induced 
coagulopathy. The SIC is calculated based on the PLT, prothrombin time ratio, and Sequential Organ Failure 
Assessment (SOFA) score.

Diagnostic Criteria for Sepsis-Associated Acute Kidney Injury (AKI)
Sepsis-associated AKI: Diagnostic criteria for both sepsis and AKI were necessary for simultaneous diagnosis, while 
other noninfectious factors contributing to AKI were excluded.

Diagnostic Criteria for Multiple Organ Dysfunction Syndrome (MODS)
MODS:17,18 Occurrence of potentially life-threatening physiological injuries that may lead to reversible physiological 
imbalances involving two or more organ systems unrelated to the imbalance, resulting in admission to the intensive care unit.

Inclusion Criteria
1. Diagnostic criteria for sepsis 3.0, specifically sepsis and septic shock, as outlined in 2016, were met.1 For patients 

with infection or suspected infection, sepsis can be diagnosed when there is an increase of 2 or more points in the 
SOFA score from baseline, indicating infection-related organ dysfunction.

2. Diagnostic criteria for AKI aligned with kidney disease: KDIGO guidelines are met:3,5,15 AKI is characterized by 
a sudden decline in renal function occurring within 7 days or less. The diagnostic criteria for AKI include an 
increase in Scr of ≥26.5 μmol/L within 48 hours or an increase in Scr of ≥50% from baseline within 7 days.

Figure 1 Flowchart of the patient registration process. 
Abbreviations: SCR, refers to the serum creatinine level; SAC, represents sepsis-associated coagulopathy.
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3. The diagnostic criteria for sepsis-associated coagulopathy (SAC) were met.8,16 SIC was diagnosed when the SOFA 
score was equal to or greater than 4.

Exclusion Criteria
1. Patients younger than 18 years old or older than 95 years old;
2. Patients who were diagnosed with chronic renal failure or who received long-term renal replacement therapy;
3. Patients with coagulation disorders caused by a medical history of haematological disorders, malignant tumours, or 

severe hepatic insufficiency;
4. Patients who received blood products such as platelets, plasma, and fibrinogen prior to admission;
5. Lactating or pregnant;
6. Individuals who are poisoned, including those affected by drug or food poisoning;
7. Use of antiplatelet or anticoagulant medications within the six months prior to admission;
8. Patients who were automatically discharged or lost to follow-up before completing a hospitalization period of 24 

hours.

Methods and Groups
The present study employed a retrospective case‒control design to gather relevant data on coagulopathy in septic 
patients. The data collection period spans one year. The patients were stratified based on renal function into groups 
with acute kidney injury (AKI) and without AKI and further subdivided into survival and mortality groups based on 
prognostic outcomes. The primary focal points of the study included the overall mortality rate and the change in severity 
of SIC, which is associated with impaired coagulation function.

Classification and Scoring of SIC
This study employed the SAC classification criteria proposed by Iba et al8 to establish different levels of scoring criteria. 
The specifics are as follows. 1. When the PLT is greater than 150×10^9/L and the international normalized ratio (INR) is 
less than 1.2, the score is zero. A score of 1 is assigned when the PLT is between 100×10^9/L and 150×10^9/L or when 
the INR is between 1.2 and 1.4. A score of 2 was allocated when the PLT fell within the range of 80×10^9/L to 
100×10^9/L or when the INR was in the range of 1.4 to 1.6. A score of 3 was assigned when the PLT was less than 
80×10^9/L or when the INR was equal to or greater than 1.6. The SAC grade was assigned as follows: 1–3 points were 
classified as mild (Grade 1), 4–5 points as moderate (Grade 2), and ≥6 points as severe (Grade 3).

Observation Indicators
This study collected data on patient sex, age, coagulation and complete blood analysis parameters within 24 hours after 
admission. These parameters included PT, INR, APTT, FIB, D-dimer, and PLT. In addition, relevant indicators, such as 
the Scr level, SOFA score, APACHE II score, SAC score, and SAC classification, were recorded.

Statistical Analysis
Data analysis for this study was conducted using SPSS 25.0 statistical software. Comparisons between two groups were 
performed using an independent sample t-test. To investigate the relationship between the blood creatinine concentration 
and SAC grade, this study employed Spearman correlation analysis. Furthermore, to explore factors that influence the 
prognosis of SAC patients, this study utilized the Cox proportional hazards regression model. Receiver operating 
characteristic (ROC) curves were plotted to evaluate the ability of indicators such as the SOFA score, APACHE II 
score, and SAC grade to predict the prognosis of sepsis patients with coagulation dysfunction. A P value <0.05 indicated 
that the difference was statistically significant.
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Results
General Information
This study included a total of 352 patients with sepsis-associated coagulopathy. Among them, 21 patients were excluded 
due to age differences, 10 patients were excluded due to preexisting conditions such as malignancy or haematological 
disorders, 30 patients were excluded due to intoxication, and 20 patients were excluded due to a hospitalization duration 
of less than 24 hours. In the end, 271 patients who met the inclusion criteria were included.

Clinical data were compared between the survival group and the deceased group. Multiple factors, including the 
presence of MODS, acute kidney failure, PLT, PT, INR, fibrinogen degradation product levels, APTT, D-dimer levels, 
Scr levels, SOFA score, SAC classification, APACHE II score, and others, were compared between the two groups. 
Differences in various aspects were statistically significant (P<0.05). However, when comparing the two groups of 
patients in terms of sex and age, the differences were not significant (P>0.05). For specific data, please refer to Table 1.

Correlations Between Serum Creatinine Levels and Sepsis-Induced Coagulopathy 
Grade and Score
The Scr concentration has an impact on the grading and scoring of sepsis-associated coagulation dysfunction in patients. 
In this study, Spearman correlation analysis revealed a significant correlation (P < 0.05) between the Scr level and the 
grading and scoring of SAC in the study subjects. Based on the calculation of the Spearman correlation coefficient, there 
was a positive correlation between Scr and SAC grade. For detailed data, please refer to Table 2.

Effects of the Sequential Organ Failure Assessment Score, Acute Physiology and 
Chronic Health Evaluation II Score, and Severity of Sepsis-Associated Coagulopathy on 
the Prognosis of Patients with SAC
The findings of this study demonstrate the diagnostic accuracy in descending order as follows. The Results of this study 
indicate diagnostic accuracy, ranked from highest to lowest, as follows: SOFA score (AUC=0.972, 95% CI: 0.950–0.994, 

Table 1 Comparison of Clinical Data Between the Survival Group and 
the Deceased Group

Item Survival Group Nonsurvival Group P value

Sex (Male/female, n) 74/56 88/53 0.279
Age 66.53±15.634 68.52±14.608 0.473

MODS (n) 121 92 0.00

AKI (n) 121 92 0.00
PT(S) 14.41±2.39 18.93±12.35 0.00

INR 1.46±0.25 2.15±0.81 0.00

FIB (g/L) 3.74±1.54 4.70±1.65 0.00
APTT(S) 40.21±8.07 46.16±16.93 0.00

D-dimer 3.20±4.12 11.19±9.81 0.00

PLT (×10^9/L) 142.66±76.071 86.70±43.526 0.00
Scr (µmol/L) 95.60±80.17 208.27±118.95 0.00

APACHE II (mark) 25.07±10.225 50.03±12.257 0.00

SOFA (mark) 7.25±2.907 15.67±2.359 0.00
SAC classification 0.00

Mildly 101 (77.6) 20 (14.1)

Moderately 28 (21.5) 63 (44.6)
Severe 1 (0.7) 58 (41.1)

Abbreviations: MODS, multiple organ dysfunction syndrome; PT, prothrombin time; INR, 
international normalized ratio; FIB, fibrinogen degradation product; APTT, activated partial 
thromboplastin time; D-dimer, plasma D-dimer; PLT, platelet count; Scr, serum creatinine; 
APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ 
Failure Assessment; SAC, sepsis-associated coagulation dysfunction.
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P<0.05), APACHE II score (AUC=0.934, 95% CI: 0.901–0.967, P<0.05), and SAC classification (AUC=0.863, 95% CI: 
0.819–0.907, P<0.05). For specific data, please refer to Figure 2.

Analysis of Factors Influencing the Prognosis of SAC Patients
The study findings indicate that certain factors possess independent predictive value for adverse prognosis in sepsis- 
complicated coagulopathy (MODS) patients. These factors included the presence of MODS (hazard ratio [HR] = 2.070), 
INR (HR = 0.727), Scr (HR = 0.995), and SOFA score (HR = 1.200). For detailed information, please refer to Table 3.

Cox curve analysis further demonstrated a rapid decrease in survival rates among patients with MODS within 30 days, 
decreasing from 100% to nearly 0%. By the 30th day, the survival rate remained within the range of 0% to 20%, with the ultimate 
survival time not exceeding 40 days. In contrast to the other group, the decline was more substantial, with shorter survival times 
observed. It is evident that in the group without MODS, the ultimate survival time ranged from 50 to 60 days, with the survival 
rate stabilizing near 40%. In the acute kidney injury cohort, patients exhibited final survival times ranging between 30 and 40 
days, with a survival rate approaching zero. Within 30 days, their survival rate declines from 100% to near zero. Concurrently, 
patients without acute kidney injury demonstrate longer final survival times, ranging between 50 and 60 days, with a final 
survival rate stabilizing between 20% and 40%. Their decline within 30 days is comparatively less pronounced. In this study, Cox 
proportional hazards analysis revealed the survival rates of patients stratified by SAC grade. Patients with mild disease had 
a median survival time of 50–60 days, whereas those with moderate-to-severe disease had a median survival time of less than 40 
days. The survival rate within 30 days decreased from 100% to approximately 60% for mild cases, while the decline was more 

Table 2 Correlation Analysis of Serum Creatinine Levels with the Severity and Severity of Sepsis-Associated 
Coagulation Dysfunction

Item Spearman Correlation Coefficient P value

SCR SAC Classification SAC Scores SCR SAC Classification SAC Scores

Scr 1 0.741 0.749 0.00
SAC classification 0.741 1 0.943

SAC scores 0.749 0.943 1

Figure 2 Illustrates the efficacy of assessing the prognosis of SAC patients using the SOFA score, APACHE II score, and SAC classification. 
Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment; SAC, sepsis-associated coagulopathy.
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significant for moderate to severe cases, all dropping from 100% to below 20%. Additional information can be found in 
Figures 3–5.

Discussion
Sepsis is a syndrome of inflammatory response caused by infection and is commonly observed in critically ill patients. 
This disease progresses rapidly and is often accompanied by primary infection. A lack of timely and effective control 
measures can lead to septic shock and even further development of MODS, posing a significant threat to patient 
health.1,11 In this paper, we verified that MODS was an independent risk factor affecting the prognosis of patients 
with septic coagulation dysfunction (SAC) by multifactorial regression analysis (HR = 2.07, P < 0.05), which was also 
reflected in the Cox curves and that patients with MODS had a lower survival rate within 30 days than those without 

Table 3 Analysis of Factors Influencing the Prognosis of Patients with SAC

Item Univariate Analysis Multivariate Analysis

HR/OR 95% CI P value HR/OR 95% CI P value

MODS 4.247 2.771~6.508 0.00 2.070 1.128~3.799 0.019
AKI 3.370 2.321~4.895 0.00 1.524 0.814~2.853 0.188
PT 1.035 1.023~1.048 0.00 1.021 0.998~1.044 0.068
INR 1.484 1.253~1.757 0.00 0.727 0.565~0.935 0.013
FIB 1.184 1.075~1.304 0.00 1.073 0.96~1.2 0.212
APTT 1.021 1.011~1.031 0.00 1.005 0.991~1.019 0.484
D-dimer 1.039 1.026~1.052 0.00 1.006 0.987~1.024 0.54
PLT 0.983 0.978~0.987 0.00 1.003 0.999~1.007 0.212
Scr 1.004 1.003~1.005 0.00 0.995 0.993~0.998 0.00
SAC classification 2.542 2.054~3.146 0.00 1.075 0.523~2.21 0.844
SAC scores. 1.683 1.493~1.899 0.00 1.294 0.837~2.002 0.246
SOFA score 1.276 1.216~1.338 0.00 1.200 1.096~1.313 0.00
APACHEII score 1.054 1.043~1.064 0.00 1.017 0.999~1.036 0.064

Figure 3 Survival curves of patients with and without MODS.
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MODS. Organ dysfunction frequently manifests in severe septic shock, and its pathophysiological mechanisms are 
intricate and intertwined with haemodynamics, apoptosis, and PAMPs associated with the infectious agent. When the 
body experiences an infection-induced decrease in blood volume, endothelial cell apoptosis increases, and permeability 
subsequently changes. This leads to the translocation of bacterial flora and the release of toxins, resulting in the 
generation of PAMPs and the production of inflammatory mediators and cytokines.6,19,20 Under the influence of multiple 
factors, the hepatic, renal, respiratory, and nervous systems of patients can be severely damaged.21 For more details, 
please refer to Figure 6.

Figure 4 Survival curves of patients with and without acute renal failure.

Figure 5 Survival curve of patients stratified by SAC grade.
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A review of sepsis-associated acute kidney injury (S-AKI) revealed that renal failure occurs as a result of multiple 
combined mechanisms. The pathophysiological basis underlying the development of S-AKI can be categorized as 
follows. The pathophysiological basis underlying the development of S-AKI includes a cascade of inflammatory 
responses, impairment of both large and small blood vessels, and aberrant cellular reactions.22,23 In this study, Cox 
curve analysis revealed that patients with S-AKI had a significantly lower survival rate at 30 days than those without AKI 
and verified that the blood creatinine (Scr) was an independent risk factor affecting the prognosis of SAC patients. Sepsis 
triggers a systemic inflammatory response, leading to the release of many inflammatory mediators, such as cytokines and 
chemokines, which directly damage renal tubules and glomeruli.2 Dilation of renal blood vessels and intrarenal shunting 
are classified as macrovascular disturbances that can result in a decrease in renal perfusion and subsequently impact renal 
function.4,24 Additionally, animal models have shown that with increased production of proinflammatory factors and 
activation of leukocytes during sepsis, renal capillary thrombosis increases. The formation of microthrombi further leads 
to inadequate renal perfusion, as well as the diffusion of inflammatory factors and tissue oedema.25 These tissues 
generate reactive oxygen species, which disrupt the epithelial cell barrier and exacerbate epithelial cell leakage,26,27 

possibly resulting in endothelial cell dysfunction and exacerbating thrombosis.27–29

Endothelial cell injury is highly prevalent in sepsis-associated organ dysfunction and plays a crucial role in this 
process. Disruption of normal cell-to-cell connections increases the permeability of the endothelial barrier.30–32 

A consequent increase in permeability will inevitably lead to a series of complications, including decreased micro-
vascular perfusion and thrombus formation. The coagulation system contributes to the disruption of endothelial function 

Figure 6 Illustrates the mechanism of multiorgan dysfunction in septic shock. 
Note: During sepsis, multiple factors can affect organ function, leading to organ dysfunction. 
Abbreviation: PAMPs, Pathogen-associated molecular patterns.
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through the activation of protease-activated receptor 1 (PAR1).33–35 Hence, endothelial dysfunction serves as a pivotal 
link between S-AKI and SAC.

Sepsis-induced acute renal failure can affect the progression of coagulation dysfunction. The blood creatinine value (Scr) was 
correlated with the SAC classification and SAC assignment, which were positively correlated according to the Spearman 
correlation coefficient. Andres-Hernando et al36 found in a murine animal model that cytokines and their receptors, such as IL-2, 
IL-6, IL-8, IL-1 beta, IL-12, and TNF-α, exhibit an early surge following AKI, leading to proinflammatory responses, neutrophil 
activation, endothelial cell apoptosis, and endothelial dysfunction. Moreover, sepsis often presents with coagulation dysfunction 
characterized by widespread microvascular thrombosis and the consumption of platelets and clotting proteins, ultimately leading 
to bleeding or disseminated intravascular coagulation (DIC). The coagulation dysfunction that accompanies sepsis is mainly due 
to the excessive inflammatory response of the organism to pathogens, leading to the overexpression of inflammatory mediators. 
Nicola Semeraro discussed three pathophysiological mechanisms in which inflammatory mediators, along with pathogenic 
microorganisms and their products, lead to the formation of a significant amount of thrombin and the deposition of fibrin:37 (1) 
abnormal expression of TF is primarily attributed to monocyte–macrophage dysfunction; (2) dysfunction of endothelial cells 
(ECs) orchestrates the onset of anticoagulation pathway dysfunction; and (3) excessive production of plasminogen activator 
inhibitor-1 (PAI-1) by ECs and thrombin-mediated activation of clotting factor-induced fibrinolysis inhibitors result in fibrino-
lysis inhibition.38 In conclusion, in sepsis, inflammatory mediators and cytokines can be regarded as the bridge between acute 
renal failure and coagulation dysfunction, as both are interconnected due to endothelial dysfunction.

The internationalized normative ratio (INR) plays an important role in determining coagulation indicators and is 
closely related to exogenous coagulation. Exogenous coagulation releases many coagulation factors, leading to hyperfi-
brinolysis and reduced coagulation factor synthesis, which is mainly reflected in elevated PT, decreased FIB and elevated 
INR.39 In this study, the INR was found to be an independent risk factor for predicting the prognosis of patients with 
sepsis and coagulation disorders (OR=0.727, P<0.05). In a retrospective study analysis, the authors demonstrated through 
Kaplan‒Meier survival curves that an elevated INR was associated with a cumulative survival rate of 21.6%, which was 
associated with a significant decrease in survival, and that the superiority ratio (OR) of the INR for predicting the risk of 
in-hospital death in their all-cause mortality independent independent risk factor logistic analysis was 10.691.40

Multiple scores are widely used in the diagnosis and management of sepsis and are essential for the assessment of this 
disease. These include the Acute Physiology and Chronic Health Score (APACHE II), Sequential Organ Failure Score 
(SOFA), and Sepsis-Associated Coagulation Dysfunction Score (SAC). The APACHE II scoring system was introduced 
by Knaus et al in 1985 and features comprehensive clinical parameters.41 It is commonly utilized in intensive care units 
to assess the severity of patients’ conditions and predict their prognosis. Previous literature indicates that when assessing 
patients’ conditions and prognosis using the APACHE II score, a mean score of 20 ± 7.3 points was associated with an 
observed mortality rate of 58.2%.42 In this study, ROC curve analysis of the APACHE II score yielded an AUC of 0.934, 
with a significance level of p < 0.05. In contrast to the SOFA score, there was no significant difference in the APACHE II 
score, a widely used clinical tool for predicting the severity of critical illness, between patients with a more severe form 
of sepsis and those who develop MODS within the first 48 hours. This might be attributed to the fact that the SOFA score 
is primarily designed to predict organ failure and that the APACHE II score is more suitable for predicting the length of 
hospital stay and severity of the disease.43 The SOFA score, a diagnostic indicator of sepsis, has been widely used in 
clinical practice and has been increasingly well studied. In a retrospective study, Emanuel Eguia et al found a correlation 
between the SOFA score at admission and the incidence of sepsis.44 In a randomized controlled trial based on 869 
patients, Insiyah Campwala et al reported multiple organ failure to be a serious complication in patients with sepsis, the 
occurrence of which is usually associated with higher SOFA scores, higher shock indices, and lower GCS scores.45 In 
this paper, it was demonstrated that the SOFA score was an independent risk factor for predicting death in patients with 
sepsis (HR = 1.2, p < 0.05), and the value of the SOFA score in predicting the prognosis of patients was also 
demonstrated by the ROC curve (AUC = 0.972, p < 0.05), which is in line with previous experimental studies as 
described in the argumentation. Compared to the first two, the SAC score has been used less often, but research on this 
score is gradually catching fire. In a retrospective study evaluating the value of SAC in predicting the risk of in-hospital 
death, SAC scores incorporating both the PLT and INR were used to categorize patients with sepsis into four classes 
based on the INR and PLT: mild, moderate, severe SAC and no SAC. Their results showed that SAC scores were 
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strongly associated with patient mortality at admission, with the odds ratio (OR) for predicting the risk of in-hospital 
mortality ranging from 1.33 to 2.14.46 Zhipeng Xu discussed the relationship between coagulation markers and high-
lighted the positive correlation between APTT and PT, D-dimer, platelet count, and SOFA score. Thus, the SAC 
classification should be included as part of the organ dysfunction scoring system.47

Conclusion
In summary, patients with sepsis are prone to acute kidney injury and coagulation dysfunction, which interact with each 
other, and elevated blood creatinine is positively correlated with the SAC classification and assignment score. Patients 
with sepsis who are classified as having SAC grade 3 or have an SAC score of 4 or above tend to have a poor clinical 
prognosis.
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