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Abstract: Objective To investigate the predictive efficacy of combined indexes based on soluble thrombomodulin =~ (sTM) for
acute kidney injury (AKI) in patients with sepsis, and to provide a reference for the early identification of AKl in clinical practice.
Methods A retrospective study was conducted to collect clinical data of 364 patients with sepsis admitted to the Intensive Care
Unit of Nanjing Drum Tower Hospital, the Affiliated Hospital of Nanjing University Medical School from January to December
2024. According to the occurrence of AKI during hospitalization  [based on the diagnostic criteria proposed by Kidney Disease:
Improving Global Outcomes (KDIGO) ] , the patients were divided into AKI group (171 cases) and non-AKI group (193 cases) .
The clinical data of the two groups were compared. Multivariate logistic regression analysis was used to screen the risk factors
for AKI in sepsis patients. Receiver operating characteristic (ROC) curves were plotted to analyze the predictive value of
combined indicators based on sTM for AKI in sepsis patients. Results The incidence of sepsis-associated AKI was 46.98%.
Compared with the non-AKI group, the AKI group exhibited significantly higher Acute Physiology and Chronic Health Evaluation
Il (APACHE 1) score, Sequential Organ Failure Assessment (SOFA) score, 28-day mortality, and incidence rates of shock,
respiratory failure, and liver injury (P<0.05) . Levels of sSTM, C-reactive protein (CRP) , interleukin-6, procalcitonin, prothrombin
time, and activated partial thromboplastin time were also significantly higher, whereas platelet count was significantly lower
(P<0.05) . Multivariate logistic regression analysis identified shock (OR=3.304, 95%C/ 2.001-5.457, P<0.01) , liver injury
(OR=2.443, 95%CF 1.399-4.265, P=0.002) , high APACHE Il score (OR=1.050, 95%C/ 1.016-1.085, P=0.004) , high sTM
(OR=1.039, 95%CF. 1.018-1.060, P<0.01) , and high CRP  (OR=1.003, 95% C/ 1.001- 1.006, P=0.034) as independent risk
factors for AKI in patients with sepsis. The combined use of sTM, shock, and APACHE Il score yielded an area under the curve
(AUC) of 0.804 (95%CF0.759- 0.850) for predicting AKI, with a sensitivity of 0.754 and a specificity of 0.762. Conclusion sTM
is an independent risk factor for AKI in sepsis patients, and has certain predictive value for AKI in sepsis patients. The predictive
value is more significant when combined with shock and APACHE I score.
Keywords: Soluble thrombomodulin; Acute kidney injury; Sepsis; Shock; Acute Physiology and Chronic Health Evaluation I
Fund program: Clinical Research Special Fund Project of Nanjing Drum Tower Hospital (2024-LCY]-PY-84)

Sepsis refers to life-threatening organ dysfunction Thrombomodulin is a transmembrane glycoprotein

caused by a dysregulated host response to infection, and it
is one of the leading causes of mortality among patients
admitted to the intensive care unit (ICU) [1-2]. Acute
kidney injury (AKI) is the most common and severe
complication of sepsis with an incidence of 40%—-50%,
which markedly increases the mortality risk of affected
patients [3-4]. At present, the clinical diagnosis of AKI is
mainly based on the criteria established by Kidney Disease:
Improving Global Outcomes (KDIGO), relying on
changes in serum creatinine and urine output. Nevertheless,
the elevation of serum creatinine occurs relatively late and
is affected by multiple factors including age, muscle mass
and fluid balance, making it incapable of achieving early
warning of AKI [5]. Therefore, it is of great significance to
identify biomarkers that can early, sensitively and
specifically predict sepsis-associated AKI.

predominantly expressed on the surface of vascular
endothelial cells and serves as a pivotal molecule for
maintaining vascular endothelial homeostasis. Under
septic conditions, uncontrolled inflammatory responses
and microcirculatory disorders lead to extensive injury and
shedding of vascular endothelial cells, resulting in a
significant elevation in plasma soluble thrombomodulin
(sTM) levels [6]. The kidney is an organ abundant in
capillary networks, and its endothelial cells are particularly
vulnerable to damage. The early increase in sTM levels
during sepsis may reflect the severity of systemic
endothelial injury, especially glomerular endothelial
damage, indicating that sSTM may act as an early predictive
biomarker for sepsis-associated AKI. This study aimed to
explore the predictive value of sTM-based combined
indicators for AKI occurrence in septic patients.
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1 Subjects and Methods
1.1 Study Subjects

A retrospective analysis was conducted on the clinical

data of 364 patients with sepsis admitted to the ICU of
Drum Tower Hospital Affiliated to Nanjing University
Medical School between January and December 2024.
Inclusion criteria: (1) Age > 18 years old; (2) Meeting the
Sepsis-3 diagnostic criteria [1]; (3) Diagnosis of AKI in
accordance with relevant KDIGO criteria [7]; (4)
Available sTM test results within 24 hours after admission
and complete clinical data.
Exclusion criteria: (1) ICU stay duration less than 24
hours; (2) Pre-existing stage 45 chronic kidney disease or
dependence on renal replacement therapy before
admission; (3) Pregnancy status; (4) Acute renal
insufficiency induced by other causes such as contrast
agents and renal vascular lesions.

All data were extracted from medical records in
compliance with medical ethical standards. This study was
approved by the Medical Research Ethics Review
Committee of Nanjing Drum Tower Hospital (Ethics
Approval No.: 2024-646-02).

1.2 Data Collection

General clinical data were collected, including gender,
age, Sequential Organ Failure Assessment (SOFA) score,
Acute Physiology and Chronic Health Evaluation II
(APACHE 1) score, underlying diseases (hypertension,
diabetes mellitus, cardiac insufficiency, cerebral infarction,
coronary atherosclerotic heart disease), length of hospital
stay, 28-day mortality, and complications (shock,
respiratory failure, liver injury). Laboratory parameters
detected within 24 hours after admission were also
recorded, including white blood cell count (WBC), platelet
count (PLT), procalcitonin (PCT), C-reactive protein
(CRP), interleukin-6 (IL-6), sTM, prothrombin time (PT),
activated partial thromboplastin time (APTT), thrombin-
antithrombin complex (TAT), tissue plasminogen
activator-inhibitor complex (tPAI-C) and plasmin-
antiplasmin complex (PIC).

1.3 Statistical Analysis

SPSS 26.0 statistical software was used for data
analysis. Non-normally distributed measurement data were
expressed as median (25th percentile, 75th percentile)
[M(P2s, P7s)], and the Mann-Whitney U test was adopted
for intergroup comparison. Enumeration data were
presented as case (%), and the chi-square test was used for
comparison. Multivariate logistic regression analysis was
performed to screen independent risk factors for AKI in
septic patients. Receiver operating characteristic (ROC)
curve and area under the curve (AUC) were applied to
evaluate the predictive efficiency of each indicator for AKI

occurrence. A P value less than 0.05 was considered
statistically significant.

2 Results
2.1 Comparison of General Clinical Data

Among the 364 enrolled septic patients, 171 cases
were complicated with AKI (AKI group) and 193 cases
were without AKI (non-AKI group), with the incidence
rate of sepsis-associated AKI reaching 46.98%. There
were no significant differences in age, gender, underlying
diseases, length of hospital stay, WBC, TAT and PIC
between the two groups (P>0.05). Compared with the non-
AKI group, the AKI group had higher APACHE II score,
SOFA score, 28-day mortality, higher incidence rates of
shock, respiratory failure and liver injury, elevated levels
of sTM, CRP, IL-6, PCT, PT, APTT and tPAI-C, as well
as decreased PLT level, and all the above differences were
statistically significant (P<0.05). See Table 1.

2.2 Multivariate Logistic Regression Analysis

Factors with statistical significance in univariate
analysis were included in multivariate logistic regression
analysis. The results revealed that shock, liver injury,
elevated CRP, high APACHE II score and increased sTM
level were independent risk factors for AKI in septic
patients (P<0.05). See Table 2.

2.3 Predictive Efficiency Analysis

ROC curve analysis showed that the AUC values of
sTM, shock, APACHE II score and their combination for
predicting AKI in septic patients were 0.761, 0.695, 0.674
and 0.804 respectively. See Figure 1. The predictive
efficacy of sTM, shock, APACHE II score and their
combined detection is shown in Table 3.
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Fig.1 ROC curve for predicting AKI in sepsis based on various
influencing factors
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Tab.1 Comparison of clinical data between AKI and non-AKI groups

Item AKI group (n=171) Non-AKI group (n=193) Z/y* value P value
Age (years)* 59.00 (45.00, 72.00) 62.00 (48.00, 73.00) 1.015 0.31
Gender [n (%)] 0.254 0.614
Male 77 (45.03) 92 (47.67)
Female 94 (54.97) 101 (52.33)
APACHE II score* 25.00 (20.00, 30.00) 20.00 (13.00, 25.00) 5.752 <0.001
SOFA score* 10.00 (8.00, 12.00) 8.00 (5.00, 10.00) 4.856 <0.001
Underlying diseases [n (%)]
Hypertension 69 (40.35) 80 (41.45) 0.045 0.831
Diabetes mellitus 36 (21.05) 42 (21.76) 0.027 0.869
Cardiac insufficiency 30 (17.54) 22 (11.40) 2.796 0.095
Cerebral infarction 40 (23.39) 43 (22.28) 0.064 0.801
Coronary heart disease 19 (11.11) 20 (10.36) 0.053 0.818
Complications [n (%)]
Shock 110 (64.33) 49 (25.39) 55.882 <0.001
Respiratory failure 71 (41.52) 60 (31.09) 4.283 0.038
Liver injury 75 (43.86) 33 (17.10) 31.117 <0.001
Laboratory tests*
WBC (x10°/L) 9.90 (5.80, 15.90) 8.50 (5.80, 13.60) 1.536 0.125
PLT (x10°/L) 115.00 (65.50, 183.50) 156.00 (97.00, 229.00) 3.855 <0.001
IL-6 (pg/mL) 137.34 (33.50, 357.38) 59.48 (16.39, 282.19) 2.889 0.004
CRP (mg/L) 81.65 (28.82, 164.08) 50.10 (16.40, 106.30) 3.288 0.001
PCT (ng/mL) 1.11 (0.32, 7.84) 0.33 (0.09, 1.63) 5.182 <0.001
APTT (s) 33.80 (28.42, 41.40) 29.80 (26.30, 34.40) 4.525 <0.001
PT (s) 13.60 (12.20, 16.60) 13.10 (11.80, 14.80) 2.26 0.024
TAT (ng/mL) 13.60 (6.30, 29.43) 11.20 (6.80, 20.60) 1.943 0.052
PIC (pg/mL) 1.39 (0.75, 2.69) 1.33 (0.87, 2.50) 0.197 0.844
sTM (TU/mL) 26.30 (19.40, 36.05) 15.00 (10.60, 22.50) 8.602 <0.001
tPAI-C (ng/mL) 16.90 (10.30, 28.55) 12.30 (7.10, 17.10) 4.785 <0.001
Prognosis
Length of hospital stay (d)* 23.00 (14.50, 32.50) 21.00 (13.00, 29.00) 1.157 0.247
28-day mortality (%) 39.77 17.62 22.054 <0.001

Note:* Data a are presented as median (P25, P75).

Tab.2 Multivariate logistic regression analysis for AKI in patients with sepsis

Item p SE VA Pvalue OR (95%CI)

Shock 1.195 0.256 4.669 <0.001 3.304 (2.001-5.457)
Liver injury 0.893 0.284 3.14 0.002 2.442 (1.399-4.265)
APACHE II score 0.049 0.017 291 0.004 1.050 (1.016-1.085)
CRP 0.003 0.001 2.115 0.034 1.003 (1.001-1.006)
sTM 0.038 0.01 3.697 <0.001 1.039 (1.018-1.060)

Tab.3 The predictive efficacy of various risk factors for AKI in sepsis patients

Item AUC (95%CI) P value Cut-off value Sensitivity Specificity Youden index
Shock 0.695 (0.647-0.742) <0.001 - 0.643 0.746 0.389
APACHE II score 0.674 (0.620-0.729) <0.001 21.5 0.725 0.56 0.285
sTM 0.761 (0.711-0.811) <0.001 17.8 TU/mL 0.836 0.642 0.479
Combined prediction 0.804 (0.759-0.850) <0.001 - 0.754 0.762 0.516

3 Discussion

AKI is a common and serious complication during
sepsis progression, which can remarkably increase the
mortality of critically ill patients [8-9]. Traditional
detection methods based on serum creatinine level and
urine output have obvious limitations in the early diagnosis
and risk prediction of sepsis-associated AKI. Hence, novel
biomarkers with higher sensitivity and specificity are
urgently needed in clinical practice to realize early
identification of high-risk populations susceptible to
severe AKI.

This retrospective study analyzed the clinical data of
364 septic patients, and confirmed that the incidence of
sepsis-associated AKI was 46.98%, and the 28-day
mortality rate was 39.77% in the AKI group. The high
incidence and mortality of sepsis-associated AKI
emphasize the necessity of early prediction and timely

intervention [3-4,10]. Multivariate logistic regression
analysis demonstrated that shock, liver injury, elevated
CRP, high APACHE 1I score and increased sTM were
independent risk factors for AKI development in septic
patients.

As an independent risk factor, shock contributes to
AKI mainly due to insufficient effective circulating blood
volume and marked decline in renal perfusion pressure in
septic shock. Persistent renal hypoperfusion leads to renal
parenchymal ischemia and hypoxia, and ultimately
triggers acute tubular necrosis, which is consistent with
findings of previous studies [11-14]. As a classic scoring
system for evaluating disease severity in critically ill
patients, APACHE 1II score further verified that the
occurrence of sepsis-associated AKI is closely correlated
with the overall severity of illness. Higher APACHE 1II
score indicates more intense systemic inflammatory
response and higher risk of multiple organ dysfunction,
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and the kidney, as a high-perfusion organ, is more
vulnerable to inflammatory damage [11-12,15-16].

sTM is regarded as a gold standard biomarker for
endothelial injury [17]. In the setting of sepsis,
inflammatory mediators such as lipopolysaccharide and
tumor necrosis factor-o directly damage vascular
endothelial cells and destroy endothelial barrier function,
resulting in the shedding of thrombomodulin from cell
membrane into blood circulation and subsequent elevation
of serum sTM levels. The kidney is rich in vascular
endothelial cells; systemic inflammation and endothelial
injury induced by sepsis can directly impair renal
microcirculation, cause intrarenal endothelial damage,
thrombosis and insufficient renal tissue perfusion, and
eventually induce AKI [14,18].

Accordingly, elevated serum sTM levels not only

reflect the degree of systemic vascular endothelial damage,
but also indirectly indicate the risk of renal
microcirculation impairment, which is the core mechanism
underlying its favorable predictive value for sepsis-
associated AKI. Since the increase of sTM is derived from
endothelial injury, it can indicate AKI occurrence much
earlier than renal hypoperfusion and decreased creatinine
clearance rate [19-20]. In this study, the sensitivity of sSTM
in predicting AKI was 0.836, higher than that of shock
(0.643) and APACHE 1I score (0.725), suggesting that
sTM can serve as an important reference indicator for
clinical screening of sepsis-associated AKI. Multiple
clinical studies have also confirmed the high predictive
value of elevated sTM expression for sepsis-associated
AKI [21-22]. The detection of sTM also provides new
clinical evidence for the theory that endothelial
dysfunction causes organ damage in sepsis [16].
Although single sTM detection only has a specificity of
0.642 in predicting AKI in septic patients, combined
detection with other indicators can significantly improve
predictive performance [23-24]. This study found that the
combined application of shock, APACHE II score and
sTM achieved an AUC of 0.804 and a specificity up to
0.762, which was obviously superior to single-index
detection. Therefore, the combination of these three
indicators possesses promising clinical application
prospects in predicting sepsis-associated AKI.

Several limitations exist in this study. Firstly, inherent
defects of single-center retrospective research lead to
potential sampling bias. Secondly, only baseline indicators
within 24 hours after admission were collected, failing to
reflect the dynamic changes of sTM in the early stage of
sepsis. Continuous dynamic monitoring of sTM was not
performed, so the correlation between sTM fluctuation and
AKI progression could not be evaluated.

In conclusion, elevated sTM level is an independent
risk factor for AKI in septic patients with favorable
predictive efficiency, and combined detection with shock
status and APACHE 1II score can further enhance
predictive ability. This combined model facilitates early
identification of high-risk patients with sepsis-associated
AKI and timely implementation of intervention measures.
Large-scale multicenter prospective cohort studies are
required to verify the above conclusions and explore the

clinical significance of dynamic sTM monitoring in future
research.
Conflict of Interest: None
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sepsis-associated acute kidney injury
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Abstract: Objective To investigate the predictive efficacy of combined indexes based on soluble thrombomodulin
(sTM) for acute kidney injury (AKI) in patients with sepsis, and to provide a reference for the early identification of
AKI in clinical practice. Methods A retrospective study was conducted to collect clinical data of 364 patients with
sepsis admitted to the Intensive Care Unit of Nanjing Drum Tower Hospital, the Affiliated Hospital of Nanjing
University Medical School from January to December 2024. According to the occurrence of AKI during hospitalization
[based on the diagnostic criteria proposed by Kidney Disease: Improving Global Outcomes (KDIGO) ], the patients

were divided into AKI group (171 cases) and non-AKI group (193 cases). The clinical data of the two groups were
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compared. Multivariate logistic regression analysis was used to screen the risk factors for AKI in sepsis patients.
Receiver operating characteristic (ROC) curves were plotted to analyze the predictive value of combined indicators
based on sTM for AKI in sepsis patients. Results The incidence of sepsis-associated AKI was 46.98%. Compared with
the non-AKI group, the AKI group exhibited significantly higher Acute Physiology and Chronic Health Evaluation I
(APACHE I ) score, Sequential Organ Failure Assessment (SOFA) score, 28-day mortality, and incidence rates of
shock, respiratory failure, and liver injury (P<0.05). Levels of sTM, C -reactive protein (CRP) , interleukin-6,
procalcitonin, prothrombin time, and activated partial thromboplastin time were also significantly higher, whereas
platelet count was significantly lower (P<0.05). Multivariate logistic regression analysis identified shock (OR=3.304,
95%CI:2.001-5.457, P<0.01), liver injury (OR=2.442, 95%CI: 1.399-4.265, P=0.002), high APACHE I score
(OR=1.050, 95%CI:1.016-1.085, P=0.004), high sTM (OR=1.039, 95%CI:1.018-1.060, P<0.01), and high CRP
(OR=1.003, 95%CI: 1.001-1.006, P=0.034) as independent risk factors for AKI in patients with sepsis. The combined
use of sSTM, shock, and APACHE II score yielded an area under the curve (AUC) of 0.804 (95%CI: 0.759-0.850)
for predicting AKI, with a sensitivity of 0.754 and a specificity of 0.762. Conclusion sTM is an independent risk factor
for AKI in sepsis patients, and has certain predictive value for AKI in sepsis patients. The predictive value is more
significant when combined with shock and APACHE I score.

Keywords: Soluble thrombomodulin; Acute kidney injury; Sepsis; Shock; Acute Physiology and Chronic Health
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Tab.1 Comparison of clinical data between AKI and non-AKI groups

TiH AKIA (n=171) dEAKIZ (n=193) ZIMH Py
AEIE (%) 59.00 (45.00,72.00) 62.00 (48.00,73.00) 1.015 0.310
PERILHI (%) ]

% 77 (45.03) 92 (47.67)

/8 94 (54.97) 101 (52.33) 0254 o614
APACHE [[ 43 25.00 (20.00,30.00) 20.00 (13.00,25.00) 5.752 <0.001
SOFA P43 10.00 (8.00,12.00) 8.00 (5.00,10.00) 4.856 <0.001
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IERAEL] (%) ]
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S E A
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PLT (x10°/L) 115.00 (65.50,183.50) 156.00 (97.00,229.00) 3.855 <0.001

1L-6 (pg/mL.) 137.34 (33.50,357.38) 59.48 (16.39,282.19) 2.889 0.004

CRP (mg/L.) 81.65 (28.82,164.08) 50.10 (16.40,106.30) 3.288 0.001

PCT (ng/mL) 1.11 (0.32,7.84) 0.33 (0.09,1.63) 5.182 <0.001

APTT (s) 33.80 (28.42,41.40) 29.80 (26.30,34.40) 4525 <0.001

PT (s) 13.60 (12.20,16.60) 13.10 (11.80,14.80) 2.260 0.024

TAT (ng/mL) 13.60 (6.30,29.43) 11.20 (6.80,20.60) 1.943 0.052

PIC (pg/mL) 1.39 (0.75,2.69) 1.33 (0.87,2.50) 0.197 0.844

sTM (TU/mL) 26.30 (19.40,36.05) 15.00 (10.60,22.50) 8.602 <0.001

tPAI-C (ng/mL) 16.90 (10.30,28.55) 12.30 (7.10,17.10) 4785 <0.001
il

FERE KA (D) 23.00 (14.50,32.50) 21.00 (13.00,29.00) 1.157 0.247

28 dBETR (%) 39.77 17.62 22.054 <0.001
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Tab.2 Multivariate logistic regression analysis for AKI in patients with sepsis
TiH B SE AL PAE OR(95%CI) VIF
R 1.195 0.256 4.669 <0.001 3.304 (2.001 ~ 5.457) 0.770 1.298
JHA 3 0.893 0.284 3.140 0.002 2.442 (1.399 ~ 4.265) 0.838 1.193
APACHE I11T43 0.049 0.017 2.910 0.004 1.050 (1.016 ~ 1.085) 0.389 2.569
CRP 0.003 0.001 2.115 0.034 1.003 (1.001 ~ 1.006) 0.921 1.086
sTM 0.038 0.010 3.697 <0.001 1.039 (1.018 ~ 1.060) 0.776 1.289

T AZS IR, 28 dAET ARTE WP e JH5 (5=0,F=1) ; APACHE [l iF4% .SOFA T4 .sTM . CRP JSU{E 51 A ) 5 VIF 7 220K K+

K3 ASER P ZR X MERAE 5 KA AKT R TINALRE
Tab.3 The predictive efficacy of various risk factors for AKI in sepsis patients
TiH AUC(95%CI) PlE e U I AR
N7 0.695(0.647~0.742) <0.001 0.643 0.746 0.389
APACHE 174> 0.674(0.620~0.729) <0.001 21.54% 0.725 0.560 0.285
sTM 0.761(0.711~0.811) <0.001 17.8 TU/mL 0.836 0.642 0.479
A TR 0.804(0.759~0.850) <0.001 0.754 0.762 0.516
. BORERILEA AL BT 5035 PR X, S
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Fig.1 ROC curve for predicting AKI in sepsis based on various

influencing factors
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